8 March 2007 SPECI FI CATI ON ANI SOTROPI C CONDUCTI VE FI LM PRODUCTI ON METHOD
THEREOF AND METHOD OF USE THERECF FI ELD OF THE | NVENTI ON 5 The present
invention relates to an anisotropic conductive film a production nethod
thereof and a test nethod of an electronic conponent using the sane

BACKGROUND CF THE | NVENTI ON For an el ectrical connection bgﬂ\%ap &8y
el ectronic 10 conponent such as a sem conductor elenent (1C¢C and the
like and a circuit board, an anisotropic conductive connector has been

wi dely used in recent years. As an anisotro conductive connector, one
prepared by di spersing conductive fPH&E &F‘Eﬁﬂ“es in an insulating film has

accociated  wit n"hreryoett bl Rt Bii, SBR e O Vet stpbrAth o
connection target having a fine pl@‘i gﬁy ?Fﬁémﬁgﬁ‘apfor forming a terninal

of the connection target, such a}srfgthﬁ r,&g:e sem conduct or el enent and
the like in a protrusion (bunp) us zfﬂf‘sotropl c conductive

connect or ca%abl e ofhe masebni ngwsu‘gtprprrebda&rm to_narrednysoaﬂ‘bpaal sotropic
conductive connector.£anapl & ghofeal i, i) Lhasly pid Chﬁgggtﬂfe&g?gp' ess

target, the Applicant of this invention has propose
conducti ve corftfe@fofl{FFPHC CORPPIYIthysing thhes2&: . subst rate of an

insulating film plural condughtishdt@bher da@nel=rgg i N the thickness
direction of the filmsubstrate while being insulated fromeach other, in

international publi%atl o W98FdY FPB TS OPabetiecRoan G1245rds) . Gener al | Y,

ani sot r opi clocmdﬂmemtesﬁanm&chogénﬂ&abi@u&&&nelé&n%m?i@%qpf Ond Rg.fol | owi ng
two uses. One use, cal | ed,. a nounting connector, wherein an

iS
ani sot r opi ¢ con%lucrh ve‘Elr Hﬁéc?%afrdl sa'alaé‘ﬁé‘%ﬁ"pdét fRRHICRAVR| REReBRIT
conponent suchaasbeenseid<lgndsed aim ebeesr&ntyeafwl the dni keiandogicCircuit

board, whi Ch’cUEﬁUthggléJH%egggklj%%gség] ar %&ggggééng conductive
fine partlcles in an insulating film has been cenventionally

15 known. This anisotropic conductive connector is associated
with problems of structurally difficult connection with a
connection target having a fine pitch énd the need for forming
a terminal of the connection target, such as electrode of
semiconductor element and the like in a protrusion {(bump}.

20 Thus, as an anisotropic conductive connector capable of
resolving such problems, namely, an anisotropic conductive
connector capable of dealing with finely pitched and bumpless
target, the Applicant of this invention has proposed an
anisotropic conductive connector ({(film} comprising, in the

25 substrate of an insulating film, plural conductive paths
penetrating in the thickness direction of the film substrate
while being insulated from each other, in international
publication W098/07216 (US Patent No. 6,245,175) .

Generally,.anisotropic conductive connectors have been

30 employed for the following two uses. One is use as, what is
called, a mounting connector, wherein an anisotropic
conductive connector is disposed between an electronic
component such as a semiconductor element and the like and a

circuit board, which, upon heating and pressing, electrically
E



1 8 March 2007 and nechanically connects the electronic conponent and the
circuit board. The other is use as, what is called, a test connector,
wherein, in functional tests of electronic conmponents such as sem conduct or
el enent and the like, an 5 anisotropic conductive connector is inserted
between an el ectronic conponent and a circuit board, “hicrhhé¥¥ﬂbd% ess
adhesion to the both, achieves a functionally testable conducCtion between
the el ectronic conponent and the circuit board. 10 The use of an

ani sot ropi ¢ condudivBeeinicet bf cagnectsesbe <lonheerior cpupoecssard fhbecause

a functional test dfcaft Hheg! eRt GEAFPONGRE AL ! GhaFOUNLLIgGd hg glectronic
conponent on a circuit board only to prove that the el ectronic conponent

i s defective resulPE PR s of 1 fYB6H Wiatc bt tShBAr LTS Toifet her with
the conponent, thebgbyndr@eesidly abheeriicodusd icene1 @dncChMNGHe0f ke gi rcui t
board and i ncr egsiagg?gtn econom cal ss. In a conduction test of a

1o . CO,
senmi conduct or el eRBATS SRS FREHFER T “CBRFTRENLS diFested PetrEehéard, a
probe pin has beerle2frassedcapouent izadak|airchit wapaObmiexe| ysinverédsy each

test subject conp . heeds_.to made. because the position of an
el ectrode differ sgﬁﬁgglggcﬁgtté?t bésou j 8Gt "Conponeht®f aslé’céﬁ?ta ars,

nmor eover, the sizecwfuciaor|letweenithec ohporrentc andpanentelaedt tledeiofuia
circuit board as wmgldqas distance between 25 el ectrodes have been reduced,
whi ch nmakes prggucti on of a probe pin problematically difficult or costly.
Thus, the use “of an afP8ctscopf 2t grétrtioPéc fidndnpbiveh conngrtoposed: frest

conduction test OfordcebeCly QBEEs GRYPHNGRE e NG hRRiddKe ceWIQR Q{D
ani sotropi c conductive filmis used as a test 30 connector, a |load for

el ectric conduct i DIFBEPTER FoRRCT A et f I MeuRHifgohbnte 8RB isi Fetnepbard is
preferably as smalla asrqGssbbd@i ohlly Wi Wrofe ItRRE OMRA 85445088 CYonphnl oSt
operation and prevention f Lor.al, daTRge, And def ormat o0 ara
13 together with the component, thereby lowering the production

efficiency of the circuit board and increasing an economical

" loss. 7

In a conduction test of a semiconductor element, an

electronic component and a circuit board, a probe pin has been
20 used conventionally, but a probe exclusive for each test
subject component needs to be made because the position of an
electrode differs for each test subject comﬁénent. In recent
years, moreover, the size of an electronic component and an
electrode of a circuit board as well as distance between
%% electrodes have been reduced, which makes production of a
probe pin problematically difficult or costly. Thus, the use
of an anisotropic conductive film has been proposed for
conduction test of an electronic component and the like.

When an anisotropic conductive film is used as a test

30 connector, a load for electric conduction between an
electronic component and a circuit board is preferably as
small as possible, in view of improved efficiency of test
operation and prevention of terminal damage and deformation of

an electreonic component and a circuit board. To achieve this,

2



an el ectronic conponent and a circuit board. To achieve this, 2 8 March
2007 an ani sotropic conductive filmis required to have flexibility
permtting followability to the surface shape of an electronic conponent
and a circuit board. On the other hand, when an anisotropic conductive

filmis used as a nounting connector, 5 it is required to aé:gt e\ie not only
easy contact of a conductive path of the connector to the 070f a

connection target sugh;as an.electronic component, a circuit board and the

like, but also sufficient athesion of thé " doin&Eerefota Rufinbteiigality
target. 10 As nentrieemettigigovel lawabdl tier tbotlenhartecd lsaxpdidd by @NGtronic

adhesi veness of an.apR5S0 Rk C, ¢qnduet i i it eferable to
i ncrease the proporot_?on of ‘a resin l?# g\égr%'ni g%t%&p?gheégﬁaﬁ‘gt ERF T m
However, the ani sGPLIPIEPLIEorRIGEELVes fHillm by ogedeh aNmMBABHhG 72 Hhel8or,

produced by a met hed:d5egerRid Songohididi A a1} NS, aLed conductive wire
(nmetal wire coated with insulating resin |ayer) mﬂ’ltlpﬁe trnmes around a
core, bonding coafPA§atayerratoohr hresprrastarate divef romieathof at her to give
a windi ng bl ock, astherttibh NghrgBESsiIH0gK di edec i betddtihckpess .along the
pl ane form ng an an Ide vméitr]}?e?ch 20 insul ated conductive wre (rrelfa"l W re)
Therefore, incredse 8F e 1hFOp AL dtPLPUAf FePh ¢dheahommtssheopi ¢

conductive film damebeen @ &f bantderibm talrges. words, the thickness of an

i nsul ating resifn | ayerAgfmearé.iIQés&nfa%t 99 conductive wire cannot be increased
beyond a certain |evel’ and therefore:  tie®dHr8pttianen brexdbibsivnard an
ani sotropi ¢ conduasthiesévéndsm chrmotani berropee easedcsifd icgL@Ntilyis Thus, the
present Applicant,nas, .fORESEH A8 e A IEL Jkrlc(,)dorft(zrnpr duci n an gni sotropic
conductive filmhaving a sufficiently Ihcreased ptofoftithiBfaa resin, a
met hod conpri si nGréae IR} cogenduciiven filpm aobbook haviangsatdépirul til ayer
structure achi evednbyc@lketial §bp¥ifiiR%edad Byl ;Qf pyound wire tgthed ' M9
an insulated cQnductive wire and an insulating resin Fi1m ar ourid e
(JP_A_2002_42921f9mpr151ng winding an insulated conductive wire (metal wire

coated with insulating resin layer) multiple times arocund a

cere, bonding coating layers to prevent separation from each

other to give a winding block,‘and cutting this block in a

desired thickness along the plane forming an angle with each

20 insulgted conductive wire (metal wire). Therefore, increase of

the p;oportion of a resin in an anisotropic conductive film
has been difficult. In other words, the thickness of an
insulating resin layer of an insulated conductive wire cannot
be increased beyond a certain level, and therefore, the
23 proportion of a resin in an anisotropic conductive film cannot
be increased sufficiently. Thus, the present Applicant has
proposed, as a method for producing an anisotropic conductive
film having a sufficiently increased proportion of a resin, a
method comprising cutting out a film from a block having a
30 multilayer structure achieved by alternately winding a layer
of wound wire comprising an insulated conductive wire aﬁd an
insulating resin film around a core (JP-A~-2002-42921) .

SUMMARY OF THE INVENTION

However, since the anisotropic conductive film disclosed

3



SUMMARY COF THE | NVENTI ON However, since the anisotropic conductive film
di sclosed 3 8 March 2007 in JP-A-2002-42921 ains only at increasing the
proportion of a resinin a film the distance between adjacent conductive
pat hs (proportion of insulated area) in an anisotropic conductive film

becones too | arge, which makes sufficient 5 application thﬁ{ﬁof t@? narr ow
pitch termnal of a connection target (electronic conpone hr |9it

board) unattainable. _In ifi0n, sone of the el ectronic conponents have
terminals di sposét g{} azﬁg?F%%gi PHIE °ZNd ¢t 186Feedagethe PRaPRitiracef &f  a
ternminal di sposedratim inanr oWl e disthate hatkedk il hoen1Qosaydace of the
body of the conpo There is a demand for an . ani sotropi c conductive
filmthat permi tsgg%%n(&lo %Jétrlof‘egg 1onfsug%?‘|eoéla§8?lrdﬁﬁ 8" HHFEREMR “havi ng such
a surface structurcendidivebfilor besimeg agailsyel heviehnpanantusticiehow | oad.

I n connection wktQ, the. aboy esept. inventors have 11 found that,
when an ani sot r opi Iélgcor?duct ﬁ/hgg:??f ﬁ%roi é ]'?%rrﬁg §ed, %erﬁrr'lc%le P ECUPeSdCR as
a contact fail uretpedstednledteeriodeapondst,achiaig toboaet)anet eahesne” and

the like in a congugidien, :Lﬁr%t o?ft&ne?cg@&togaggi&nggggﬁgeﬂgvgttea m:glh
tenperature. Even  when a sinple conduction test using an electri cally
conductive 20 rubBEPFedAhGuBtEERY BipflobRE Bf sPag|easest othrogntfam of

el ectroni c conmponenderaifhil cGkpésdd aROANh o668 Wiken! s Ha8W ik 06, the
above-nenti oneg, si t %ati on, the present invention nmainly ains at providing
an ani sotropi c coRTUREFVE I BRAT Phr tshGORPIIeE - c SheER tishet Srmendafem ami nal

of a 25 connecti omitsatgaiicanendict@he utiinV eh PR by sSiaMBhYc13BRA Y 1 133+ 80 £

relatively | ow | o%deﬁgc%o%ggngocti on tgﬂrﬂ et having a narrow pitched
termnal, particularly”a connection gé?g tféf\‘ff‘ng HTIAGE rORepFiehoakd a

ter(rjn' nal di spors]egbyf ﬁreiia@h &qfajmsttheaeswbﬁmntoﬁttmﬁoﬁoment_ and a
roducti on net hod therepo t aspect, .the present 1 nventlon
ﬁai nly ains at_provi di%gtsgrﬁé&e{%?go‘?lﬁ%pi%ge c%%ﬁﬁbt?hveepf%@rﬂtf SPVHITOEF dldFoni ¢
conmponent test’ found that, when an anisotropic conductive film is to be used,

problems occur such as a contact failure between electrodes,

' "staining of metal electrode” and the like in a ccndﬁction
test of an electronic component at a high temperature. Even
when a simple conduction test using an electrically conductive
20 rubber is conducted, a problem o¢f failure to mount an

electronic component and a circuit board occurs.

In view of the above-mentioned situatién, the present
invention mainly aims at providing an anisotropic conductive
film affording a fine contact between a terminal of a
25 connection target and a conductive path by simply applying a
relatively low load to a connection target having a narrow-
pitched terminal, particularly a connection target having a
harrow pitch and a terminal disposed far back from the surface
of the component and a production method thereof. In another
¥% aspect, the present invention mainly aims at providing an -
anisotropic conductive film for an electronic component test,
which is unlikely to stain an electrode of a test subject

electronic component and the surface of a circuit pattern of a

circuit board, in a wide temperature range of from 20°C to

4




which is unlikely to stain an electrode of a test subject electronic
conponent and the surface of a circuit pattern of a circuit board, in a

wi de tenperature range of from20C to 4 8 March 2007 150C. The present
invention also ains at providing a highly reliable test nmethod of an

el ectroni ¢ conponent using an anisotropic conductive fil msél;p% deent

i nventors have conducted intensive studies 5 in an attenpt §"E6TVe the

af orenentioned problens and found that an ani sotropic conductive film
showi ng rel ativel y!¥°Gh The SGeBrrF tipvepeien rieneripesemmevéting ghhiglensel y

di sposed conducti y@li}aaw&&@nm@@m@bbaid}ﬁ@ll@&tﬁn&an@éﬂwneﬁﬂd}&hgvﬁl pat hs
in a houndstooth check pattern, and decreasing the distance 10 between

conductive paths bEWEERRGWECHTNTINAUT ™ ve paths rather than the distance
bet ween conducti ve pat hshenipirBsén® inovatdds BoONEuohive dpat hsansihe PrRASENt

inventors have further found that, in order to obtain an anisotraopic
conductive fil mcapable®or REnrevehg® z} b ﬁgmi:eérﬁf"éﬁneﬁief’ M5 Rt HPHRE of a
I15 c?)nngcti on tar gmaiaﬂrd azisotuf[:hp(@lc‘t:i malxqmtthvé)_wiaml ghcﬂ;npby:tdﬂlgtavenﬁhxagh vely
ow | oad to a connggliomn t.ar .an iC_.component etc.). having a
term nal di sposed far 1gac 9f%§errﬁ tﬁetﬁes%%%%%ﬂceoffﬁhlg%gﬁn%%nﬁgtﬁ ,alaSp(?Sﬁ uctive
path arranged as <®BAe¢UNedraiy eanHuldtdimegr by ramedyino wettectpve ned pal

pl ane 20 of a fil mysubsihateo@ndnbetetably, Lpgldned.s -

centerline thereof forms an a?ngl e of % “T45 'with the E\‘/ellrht%?%%]aéﬁs?ﬁréceof t he
princi pal pl ané?ofef¥eeT cPRRIBEE rRatds Frevaspresern of| epnsivcsise pavhks al so

found that the pokhthdOnnef @e"BiMarRbesifRde EsndaYSERI A¥nadhesiQn of..a

| ow nol ecul ar wei ght 25 component generated from an ani sot rofpi c conductive
filmand a silicOhecBWHFbhENPAELOM Hif SFE8eR T AV Pyt EsnBReR itvathepiernd
(made of siliconekhio, tiheonheveo aianad arebadropliecédradderivdBased on t hese
findings, the present i nve rs have %urther conducted i ntensive studies

nt s
and conpl et ed t he“present” SGHRVEIR Poh™ i FeREYT PETYF® PofiMiAY.Of 2

i5 connection target and a conductive path by only applying a

relatively low load to a connection target (an electronic
component etc.) having a términal disposed far back from the
surface of the component, a conductive path arranged as
mentioned above should be protruded from the principal plane

20 of a film substrate, and preferably inclined such that a
centgrline thereof forms an angle of 5 -~ 45° with the vertical
line of the principal plane.of the film substrate. The present
inventors have alsa found that the pollution of a metal
electrode is caused by adhesion of a low molecular weight

25 component generated from an anisotrepic conductive film and a
Silicone component from an electrically conductive rubber
(made of silicone) to the above-mentioned metal electrede.
Based on these findings, the present inventors have further
conducted intensive studies and completed the present

30 invention directed te the following.

That is, the present invention relates to

(1) an anisotropiec conductive film for testing an electronic
component, which comprises a film substrate comprising an

insulating resin and plural conductive paths insulated from

5



That is, the present invention relates to (1) an anisotropic conductive
filmfor testing an electronic conponent, which conprises a film substrate
conprising an insulating resin and plural conductive paths insulated from
5 8 March 2007 each other and penetrating the fil msubstrate in the

thickness direction, (2) the anisotropic conductive film oé Mag&lzoo'/
above-nentioned (1), wherein the plural conductive paths are disposed in a

5 houndstooth check pattern and the di stance between conductive paths
bet ween adj acent rows of conductive paths is smaller than the distance
bet ween conduct iSAEPpaEME AR Hiapearrolwoothe ddddusttisteapatis thé 3nitkeess

ani sotropi ¢ conduGkt¥eod,i | mof the above-nentioned (2), 10 wherein the

di stance between conductive paths between adjacent rows of conductive
paths is smal | er® h&l® (e SaFEtRifc 6°BdtGidEn fongdctia ebpaetentibhed @) [ ow

of conductive pahhseiiotifei prudae célidueeliOpaMier&ePhil 005 of conductive

paths in the ;principal plane of the filmare arranged in parallel to each
15 other, and t %‘8”%‘%%@?1:&%6{% B iFEPpRIitEa| SrsteBcs dledvaet enilentive( 4) t he

ani sotropi ¢ condaths wetkédmaaf atdrer aboy arMesidnede (RhnsOls (ki sherein the
conductive path.has tﬁ@ glusgt%;lcglig et er of le - 60 Em t he di stance between
conductive paths Wthin a row of conductie FaPRsy ¥ishin 2gewgf and the
di st ance bet weefenP@téomdwchive pat hs bet ween adj acent rows of conductive

paths is not nogg tdhan,4{5.9f tbhe.di ce between, conductive paths within
a row of conducti ve paths, t?Sf’ thcéaq’gﬁft:g{c:vter gfnﬁ?: °cf§%8ﬁc% VETRTMOGFEahd of
t he above- nentfRT&dn (He déstance hheresinncomiictent qrithaebafetheadgghuemd 25
conductive pat hswsSol NEIrldned: 0 ok o n;an angl 5.: 45 with the vertical
line of the principal. plnane of _tph_e FilTmsu set%r g%aen, tth‘?lsttﬁgc%lrﬁeézB??rbpi c
conductive fil MO ahy’oP2the vibbi-2 Fevit¢fomeddyd)ive p{1Bis, bedteriei onat | east

one end of the diceatitnt wierdaltir-pI aliydes LhamdRe prificipal, plane of a

film L
principal plane of the film are arranged in barallel to each

15 other, and the other direction perpendicular to said direction,
{4) fhe anisotropic conductive film of the above-mentioned (2)
or {3}, wherein the conductive path has an‘outer diémeter of
10 - 60 ym, the distance between conductive paths within a row
of conductive paths is 30 - 200 um, and the distance between
20 conductive paths between adjacent rows of conductive paths is
not more than 4/5 of the distance between cénductive paths
within a row of conductive paths, .
(5) the anisotropic conductive film of any of the above-
mentioned (2} to (4}, wherein the centerline of the plural
23 conductive paths is inclined to form an angle of 5 - 45° with
the vertical line of the principal plane of the film substrafe,
(6) the anisotropic conductive film of any of the above- |
mentioned (2) to (5), wherein at least one end of the
conductive path protrudes from the principal plane of a film
30 substrate,
(7} the anisotropic conductive film of the above-mentioned (6},
wherein both ends of the conductive path protrude from the
principal planes of the film substrate,

(8) the anisotropic conductive film of the above-mentioned (1),

6



30 substrate, (7) the anisotropic conductive filmof the above-nentioned
(6), wherein both ends of the conductive path protrude fromthe principal
pl anes of the filmsubstrate, (8) the anisotropic conductive filmof the
above-nentioned (1), 6 8 March 2007 wherein the insulating resin

conprises a naphthal ene skel eton epoxy resin crosslinked \(/:“G @% nol
resin and an acrylic rubber, and both ends of the plural co pat hs

are exposed on both the front and the back surfaces of the filmb5
substrate, (9) the anisotropic conductive filmof the above-nentioned (8),
wherein the filmas a whole has a nodulus of elasticity of 1 MPa - 100 MPa

at 20C - 150C, andrdifie thi| Mdhast dnd BeckNeStpPlse3Q Rilhh1000 m ;10 (10)
t he ani sotropi cecgnduct ive filmof the abovg- rrseenti one‘%lth(%?n%rsmféﬁo%erei n
both ends of th&PTENFGELT vEFoFat hekssh 6t de Phersimrenin fandnen aamdtyihe back

surfaces of therfibhem, substHodheends opatiie Phutie CARGUETIY B2 AL NyeWhi Ch
is a conductive netal wire having a

penetrates the %Ao@edsub% rt%t e, IS
di aneter of 10 ol F0 Bt [5PBE RS Re drackheukimsaace  videphidn from t he
filmsubstrat® #sbstmde=of the above-nentioned conductive netal wire itself
extendi ng from {fie 4Ll ;s trate r a neta rotrusion fornmed by plating
the end of the Eidgo&e con &(l:%t%J e TErATTNS 5,&’?0?? Py abpisaaetidrdnééhod of
t he ani sotropi c*'eaAduciievEifm|an ef whdlrehabov erotienid emedl {sk)c: wWhideh
conprises the fyal awi18g $1LRS 2g0at €P; ggo-ONE sheet_.qf an insulating resin
filmis wound roll- Iike around a colrS(]eU, Cénanldflgﬁ? aftliqglngﬁ Pe SRETPESEi gy a
conductive wiréd #hd~al®fardvag | ayer made of an insulating resin, which is

25 for med orvot heopues aResdtfighy GfndulEiRORINEIIY il £6,.l 5 aUNd, around
the outer peri pger(}/ of the roll-like insulating resin Tilmat a 2onst ant
pitch like a cdil,®t Hal ep§ham6ir dpohtacrdy &f the cmodndtiver patiangrbhiwiepr ocess

is repeated tofgoweha front and the back surfaces of the film substrate, a
part of the conductive path, which penetrates the film
substrate, is a conductive metal wire having a diameter of 10
3 um - 60 pum, the protrusion of the conductive path from the
film substrate is madg of the above-mentioned conductive metal
wire itself extending from the film substrate, or a @etal
protrusion formed by plating the end of the above conductive
metal wire,
28 (11) a production method of the anisotropic conductive film of
the above-mentioned (1), which comprises the following steps:
Step 1: one sheet of an insulating resin film is wound roll-
like around a core, an insulation wire comprising a conductive
wire and a coating layer made of an insulating resin, which is
2% formed on the outer periphery of the conductive wire, is wound
around the outer periphery of the roll-like insulating resin
film at a constant pitch like a coil, thereby te form a layer
of wound wire, and this process is repeated to give a
rultilayer structure wherein the insulating resin film and the
30 layer of wound wire are alternately laminated, :
Step 2: the multilayer structure is heated and pressed to melt
at least the insulating resin film in the multilayer structure
to give a block of the multilayer structure, and,

Step 3: the blocked multilayer structure is cut in a given

7




mul tilayer structure wherein the insulating resin filmand the .31 |ayer of
wound wire are alternately lamnated, Step 2: the nmultilayer structure is
heated and pressed to nelt at least the insulating resin filmin the

mul tilayer structure to give a block of the nultilayer structure, and,

Step 3: the blocked nultilayer structure is cut in a given &Ia?clﬁ?fo h 2007
filmthickness along a plane formng an angle with a conduc% ve r

therein as a section, wherein the insulating resin filmused in Step 1 has
a thickness of 5 not nore than 0.8 tines the distance (pitch) between the

centerlines of trjl‘i‘mat 'a?‘%gtgfl sulation wires in the layer of wound wire to

be forned, and whérern ORI § B ARF nth g Bo¥t BPake ofithha i nsul ati on

wire is 10 novedntioctive korgithudéimlasdhregciiien of the core during
formation of oddgpurhered |ayers of wound wire and even- nunbered |ayers of
wound wire as counted fromthe core side, such that a m ddl e point between
the centerlinestbt inselahthaceninifidunl atddonnnstes 1i Rad e tRdekaYIber ed

|l ayers of wound,dp i Lergnd o he t ine.of the.insulation wires in the
even- nunbered | ayers of woun 5\:”&;%% %%%)tcﬁsggn%eoutﬁtlé ' PSHTEHe BBre  si de,
are aligned on ffErefdpgeyiaft the atirapghtinsiihatidnl@)rdshenptieduayéon et hod

of the above- megéd@nasrd 1) pe Miglgin, in Step 2, the nultilayer structure
obtained in Stgg 20 1 js disposed I1n a space that can be deconpressed or

vacuum zed, andPth&PREFYY | ayer structure is heated and pressed to give a

bl ock after decompressingnerwMaguyphddiRgoh e tﬁfeoix?s'mgkl&ﬂ%r%p%ﬁe (13)
t he productign net Qod of. ttge above-nentioned (11) or (12), 2 erein the

bl ock of nultiI"8VEr 5% rdét dre SHtiHedirAcStodpos’ thes cexr duaind pl ur al
bl ocks, the pl Uicatabl@cks edd-runbegsidllbyer L INE6L RN wh e Bin¥eede ) 0Ck havi ng

an enlarQEd SGQhRBQréH:lgggrs of wound wire as counted from the core side,
such that a middle point between the centerlines of the
adjacent insulation wires in the odd-numbered layers of wound

1° wire and the centerline of the insulation wires in the even—

numbered layers of wound Qire, both as counted from the core
side, are aligned on the same virtual straight line,
(i12) the préduction method of the above-mentioned {11),
wherein, in Step 2, the multilayer structure obtained in Step

20 1 is disposed in a space that can be decompressed or
vacuumized, and the multilayer structure is heated and pressed
to givera block after decompressing or vacuumizing the
aforementioned space,

(13) the production method of the above-mentioned (11} or (12},
2° wherein the block of multilayer structure obtained in Step 2°

is cut into plufal blocks, the plural blocks are integrally

connected to give a block having an enlarged section of the

insulation wire, and Step 3 is applied to the block having a

greater width,

3 {14) a method of testing an electronic component, which
comprises disposing the anisotropic conductive film of any of
the above-mentioned (8) - (10) between an electronic component
comprising at least one electrode and a circuit board, such

that an electrode of the above-menticned electronic component

8.




insulation wire, and Step 3 is applied to the block having a greater
width, 30 (14) a nmethod of testing an el ectronic conponent, which

conpri ses disposing the anisotropic conductive filmof any' of the
above-nmentioned (8) - (10) between an el ectronic conponent conprising at
| east one electrode and a circuit board, such that an ele Wgrfﬁ o7t he
above-mentioned el ectronic conponent 8 8 March 2007 and a conductive path

of the anisotropic onduct ive. f|| are .|n cantact W th each other, and the
el ectroni ¢ conpondff fs°°rgPEEEY] gll'ﬁ'y onaucrflgﬁ Wi 1% ang‘fcuve lPlelconfact

| oad of 50 g/ MR in 6&Ncy/ btk @eeh onteel eotd atle @lfec:ttlaenm eohpamHnt 5s

conponent in the di,rectiqn,to i C t fel and
the electronic comj)'gﬁen Carh cf:d?jfg???i ggta%%epﬁp% O%QQ% cct %%de melf:’l oned
(14), wherein ap@lis’ati éwfbfg/tmhepabmre— reatimdedeof cad ebmnress«es the

ani sotr.opi ¢ CO”GU%}n%%efn't' o and b dlbakae V\?&e% Eh@eaﬁiéa?mﬂ@c %ﬁ&&@é% by
5 Am - 150 m BRI EF SCRI PTI ON OF THE DRA 1 i ncludes a plane

view (Fig. 1 (a)) fahy ardselt isdraFronficefPFEngnti 5(’15‘)) schematical ly show ng

a first enbodi ment; 9f cn@ntddV sRERAPIE eRNdUELEVEHribRof (1khe pleaent
invention. 15 Fig. 2 schematically shows a sectional view of a_ substanti al

part of the ani soFPB]pﬁcét&%dlchF%é‘hPf’Fn‘f‘%Ttlf’ﬁ‘éd rdsemPaeAvehtién. Fig. 3
schemati cal | y showsistsepid adakuytiew 6f ind angUbisd ant tatespabt e Fhem

ani sotropic coqﬂuctl ve film of theé\%ﬁ resent invention. Fig. 4

schemati cal |y shof&°F2§&EtH0nrat™ vi substantial part of the

ani sotropi ¢ conductive film of Bkt Dpsmmmoﬂmﬁemai:mmENgs 5 includes a

o0 L1 o0 perspest vegtk e (R B8 ok, FIEIREY, Y1y ool Modng, a0
in Step 1 of the view (Fig. 1 {b)) schematically showing a first embodiment of
an anisotropic conductive film of the present invention.
15 Fig. 2 schematically shows a sectional view of a
 substantial part of the anisotropic conductive film of the
present invention. .

Fig. 3 schematically shows a sectional view of a
substantial part of the anisotropic conductive film of the

2¢ present invention.

Fig. 4 schematically shows a sectional view of a
substantial part of the anisctropic cbnductive film of the
present invention.

Fig. 5 includes a simplified perspective view (Fig. 5(a})

25 showing the step of winding an insulating resin film around a
core and further winding a conductive wire in Step 1 of the
production method of the anisctropic conductive film of the
present invention, and a simplified perspective view (Fig.
5(b)) showing the multilayer structure obtained by said step.

3¢ Fig. 6 schematically shows a cross section of the
multilayer structure of Fig. 5 along the longitudinal
direction of the core.

Fig. 7 schematically shows the test method of the present

invention, wherein the size of each part is enlarged out of

9



production nmethod of the anisotropic conductive filmof the present
invention, and a sinplified perspective view (Fig. 5(b)) show ng the

mul tilayer structure obtained by said step. 30 Fig. 6 schematically shows a
cross section of the nmultilayer structure of Fig. 5 along the | ongitudinal
direction of the core. Fig. 7 schematically shows the test hafzcg)t;,; the
present invention, wherein the si ze of each part is enlar

Mar ch 2007 propor %mn tion, Fig. 8 is a schematic show ng of

t he ani sotropic con rve Ti I m B Eher esent i nvention, wherein Fig.

8(a) shows an arrangen%m }ﬂafhﬁei‘l&cbém&]ﬁﬂdﬁmmt\ﬁa @atﬂ]ﬁ Qﬂlﬁ&o§1§urface of

the film substrat e ti Vi ew ereof is shown in
Fig. 8(b). Fig. 9e?0sl%gg1s£c%er$t§atﬁ?c fg ¢ Wit rese?étlﬁé’gﬁﬁ%t %fﬁ%m EbAdfdet ve

filmof the pr eserfhoppvanEroangefiegt ricﬁtlesn oS chednttiveshodsngn dnd he
ani sotropic io0copgdestd e 5 e Avent i ch shows an
5 Ehé B; Qlfn gd’b%tpggé gﬁnd se g;f?]na%f(i.ef%a BB%t’f at e.

arrangenent pattern of conductive paths one surface of
Thi s Figure shows “aft Eiir&P§ets Fapvn ofn Fhe- 1§ (oin substrate like Fig. 8(a),

and does not show the anyire shapsenabeifeBuiay Jethonsloplodhe film
substrate. 15 The synbols of respective Figures nean as ws©
conductive path, Z°PFMGhi¥apstmarE. theaBEST"Y ABYR PR res| n, |0A - 1, 10A

- 2, 10A - 3, 10A - 4. mgwmleoada&tamyelcpehbtsmféf Qﬁétaﬁgggtxb)%&}égt D e

conductive pat hs Wi t(puctlv g@of conductive 02 di stance
conductive path$ BEtWSEn %aﬁo et 26 PTRASIGf “&‘ti-’ﬁ’&&&’t‘t Ve ight Hwwsoan

el ectroni ¢ conponamtang8ferct lpattérn bﬁadsdhduEtﬁ:ﬁéttpaehs | 4rd sulB2BE SQld opi c
conductive film T, S PTI EE | NVENTI ON The ani sotro
1 m of AT BTaeCRe ITVANTPBRe FHS: PGS 4P FRSHIRE Phpotiin

conductive filmo e pr esent | nvent|
conpri sing an i nstitEtticate r dska Biwd 8 PH .plaud aloegondticihiovetpatehsi i subpt ed

fromeach other &y the cuter periphery of the film substrate.
15 The symbols of respective Figures mean as follows.
1 conductive path, 2 film substrate made of inselating resin,
10a - 1, iOA -2, 10A - 3, 10A - 4 . row of conductive paths, D1
distance between conductive praths within a row of conductive
paths, D2 distance between conductive paths between adjacent
20 rows of conductive paths, 20 electronic component, 30 circuit
board, F centact load, 100 anisotropic conductive film.
. DETATLED DESCRIPTION OF THE INVENTION
The anisotropic conductive film of the present invention
comprises a film substrate comprising an insulating resin and
25 plural conductive paths insulated from each other and
penetrating the £ilm substrate in the thickness direction.
<First embodiment>
Fig. 1 schematically shows a first embodiment of the
anisotropic conductive film of the present invention, wherein
30 Fig. 1l(a) is a plane view, and Fig. 1{(b) is a sectional view
of Fig. 1(a) along line I-I.
As used herein, the “houndstooth check” means the same as
the “houndstooth check” used in various uses for electric or

electrenic connectors and the like to mean arrangement pattern
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penetrating the filmsubstrate in the thickness direction. <First

enbodi nent> Fig. 1 schematically shows a first enbodi nent of the

ani sotropi ¢ conductive filmof the present invention, wherein 30 Fig. 1(a)
is a plane view, and Fig. 1(b) is a sectional view of Fig. 1(a) along line
I-I. As used herein, the "houndstooth check" means the sa chtﬂﬁ)‘i
"houndst oot h check"” used in various uses for electric or electronic
connectors and the Ilke t o _mean_arrangenent pattern 10 8 March 2007 of
termnals and pi n®* EBF™&RAAPTYE PrASF 5°’: f"aEB?ﬁi'u&f’l V- pat FREUFHM rows
of conductive pat pathdQA ford, rdddAcf SndhBAive patdDA10A4: 1), am.x angedlum—
paraIIeI to each ogther at a |ven Hltch in one direction direction

Yin Fig. 1) of tHe $%r7 ﬁm al FFTARECDA R REEF P thsach 63?‘% iPof BT"
respective condugttsle ipabhs dhr@onsin tiet g ng dilecodad- nuirbeied Nows e

conductive path =3 oyt of, al i gnnent by 1,112
pitch toward thz g%?étnll r?é f’LaS{(%ctofotnh(&l?néc%}]on@%i l‘i:mn O? res%g?ﬁ
conductive path 1C1’Jlrl®mttlhe modist 10¥pr@f61t@tmsp1es€t0iddenmda@tnqwe pét hs 1

constituting the gyen- Upergaetgs Lays of cqpducyi VE,IO@_L;P%&(Q |s]t 4,

), as counted fromthe outernost end of the film etyween
conductive paths ?JP‘?‘H% A/& Ridwhotovargh e talvenpeg ﬁ‘éfe‘ﬁswﬁemrecﬁh@h % in

conductive paths ﬁfgﬁ ahi gnaghe Léndlctav8ipeR Pifioh te ¢RBS$tidlbLe rows of
conducti ve paths, e di stance between the centerlines of adjacent
conduct i ve patf TSHAHEYT SREIBFELENBAERT VecpRtH i Ehe | eShBWIPESY f or

exanpl e, D and D& oFi Gondhct BYe a€hs dus)taancg hghvean --cpnducthye-dat hs

bet ween adj acentvl[er . f cq:nductl vedpag tzlﬁ ts 20 meant the distance between
any one conduct i vee Pafn®iH EAYF o ot ditttve paths and a conductive

path in a row of condegttihee paitancadpacentd dandibeiws paﬁmemtimned oW oxf

conduct | ve, PaLNS c.e0: ) pLbge Near £slyd 0Ll AMALETED!LARST. £ IyEL Ve
pat h, which is shown exanpl e
15 at a given pitch to constitute rows of conductlve paths, the

distance between the centerlines of adjacent conductive paths
in the rows of conductive paths, which is shown by, for l
example, Dl and D3 in Fig. 1. By the “distance between
conductive paths between adjacent rows of conductive paths” is
20 meant the distance between any one cenductive path in any row
of conductive paths and a conductive path in a row of
conductive paths adjacent to the aforementioned row of
conductive paths, which is the nearest to the aforementioned
conductive path, which is shown by, for example, D2, D4 in Fig.
25 1.

As used herein, by the "principal plane of a film {also
referred to as a “film substrate”)” is meant an end surface in
the thickness direction of a film.

As shown in Fig. 1, in the basic structure of this

30  embodiment of an anisotropic conductive film 100, a film
substrate 2 made from an insulating resin comprises plural
conductive paths 1 insulated from each other and penetrating
the film substrate 2 in the thickness direction.

In the anisotropic conductive film of the first

11



25 1. As used herein, by the "principal plane of a film(also referred to
as a "filmsubstrate")" is neant an end surface in the thickness direction
of afilm As shown in Fig. 1, in the basic structure of this 30

enbodi ment of an ani sotropic conductive film 100, a film substrate 2 nade

R o

froman insulating resin conprises plural conductive
fromeach other and penetrating the filmsubstrate 2

direction. In the anisotropic_ conductive filmof the first
enbodi ment, pl ur al "PEREET VB h §CTNGTE VR RAFGSed 356 AdFRAsed KR Uiidfodt h

check pattern and idueddésiraraecid ghveern Glﬁﬂdttﬁat u\ietar;w Bst{dd?) cbatuena
e di stance bet ween

EEi Ve BgAPRs Y 108 - 1,
10A - 2, 10A - 3, sh@bler 4han.the dl'!srears:mbbmeedu stahceibetpsertn oondtcti ve

At hel dllgﬁan%e Pg ween

adj acent rows of co e t hs ler t
conductive paths (png 552:/3 ’(D%é’i M ?iﬂaceﬁ r oW of C%

paths between  ad] (‘%‘iﬁ”&dﬂ\‘}’sa C{foTwCQPdéé)%td{JX&\Peagtaﬁhé h&'ﬂ

conductive paths within a row of conductrve

11 8 March 2007

i‘'o"rephriése

foll ows. When any 3ongdxonductinme path (e.g., a conductl ve path | a) W|th| n

any one row of conducti IPhe Qzﬁz;lrl%r(gla:anc@ ﬂ&WeQL ccg'lglﬂg
and two conductive paths (e.g. conductive gat S
conduct i ve paths e8igcent gows PEuFeRUEHAYE R

UJ[QLJ) %

stmtb@%w&%

In the row of

é ﬁmnh@ﬂmﬂa%e ddjraeent to

the aforenenti onednamloé SARAUSLdME RatRs o8F SorkRBResd %qthélfbad pescel es

triangl-e having an ex angl

reater than 60 is obtai ned. The

above- nent i oned? p&F¥ r@ﬁleﬁraﬁ)(ﬁgf'?"tf’nal relationship 20 between conductive |
paths :in the adjacent waws am‘y 6AN Wty vePpL B (eSgP) &f @baltikeabd@edanot
only between plural_r.ows conductive paths di %posed in parallel to each

other in one di r%ﬂl&naﬁlc’r“&r%ﬁ Pc EPRHICTEY S (BfE

B2&8r ffi&paf 1A"aRE in a film

conductive paths 10A -~ 1) and two conductive paths (e.g.,

conductive paths 1b, 1c) in the row of conductive paths (e.q..

15 a row of conductive paths 10A - 2) adjacent to the

aforementioned row of conductive paths are connected, an

isosceles triangle having an apex angle greater than 60° is

obtained.

The above-mentioned particular positional relationship

z0 between conductive paths in the adjacent rows of conductive

paths is preferably realized not only between plural rows of

conductive paths disposed in parallel to each other in one

direction (first direction) of the principal plane in a film

(e.g., plural rows of conductive paths 10aA - 1,

i0a - 2, 10A -

25 3, 10A — 4-+=-- arranged in parallel to direction Y in Fig. 1},

but also in plural rows of conductive paths disposed in

parallel to each other in the direction perpendicular to the

first direction (second direction) in the principal plane of

the film (e.g., plural rows of conductive paths 108 — i, 10B -

30. 2, 10B - 3, 10B - 4----aligned in direction X in Fig. 1).

When conductive paths have the above-mentioned particular

arrangement, a flexible anisotropic conductive film having

conductive paths at a relatively high density can be obtained.

A conductive path of such anisotxepic conductive film

12



(e.g., plural rows of conductive paths 10A - 1, 10A - 2, 10A 25 3, 10A -
4...arranged in parallel to direction Yin Fig. 1), but also in plural
rows of conductive paths disposed in parallel to each other in the
direction perpendicular to the first direction (second direction) in the

principal plane of the film(e.g., plural rows of conducti t 0B -
1, 10B 30 2, 10B - 3, 10B - 4aligned in direction X in Flgyﬁﬁ#&%men

conductive paths have the above-pentioned particular arrangenment, a
f1exi bl e ani sot r opf¥ GoREISEMGa ’f’ﬁc’rncﬂ’é?ﬁcrfg‘“’l%r?d&éﬁ% pﬁé?’ﬁ%d &erginal

rel atively high defisigoyed am bec@rhiea'.ltlﬁlﬁi tar&eﬁO{Hj.léﬁ:tzi:&rﬁd)&t:rhpcﬁ'fen%uc&hrcult
ani sotropi ¢ conduct |vg f| I m 12.8 Marc ertainly cones into contact

00
with a narrow pitc PhRAFLY cﬁpé’ﬁ&ré%l ° gc"(fnﬁe’é? G VERY & PETSEEFONI C
conponent, circui tThehreadsrca bire reerissby reypisd y:bﬂ@.lCﬂ:llveaﬂl]Qlf ofl tielsabhbeliynehow

pressure. Therefqre, the anisofrd %g iLc condﬁct [ vglfl I m 0}1; t hi S, enhodi nment s
or.

can be used as a test connec nce such ani 2oiTople” FoRauciiVe film

certainly adheres dodastipleeét hromegtenpondneresand an @ilecurdnioasmhonehtcan
be used as a MOUNIAT, CARRGEL HoarfAPAPlENOhe TRUAI LI, AB.AGE LOMG or

conponent having a narrow pitched termn on a circul I'n an
electrical ly and cPBaPETRANTREITIPIf Phe lrahrrnric Thrpasenerhatilaget grarrow

(thickness) of t h%lﬁ&@%gwﬁlaqat)h d cilrsu Pt &farably aﬂoéléﬂ%&%céfﬁn af pm
nore preferably not nore _than 30 pm In addition, the distance "between

conductive patH8 MGFEHLT2ALY FAP6f "WWduct i ve paths (di stance between the is

centerlines of conductime @addisiiatetshowmniknbssand B iddnBh8tivel fadn 115
preferably not nore than 200 pm m)retgreferabl not nore than 100 pm Due
to such preferabl & diﬁeéfarﬁ‘?]d’rr&?*érm’irt% s m ofmorgePrefeaabty inpé petsh and

pref erabl e di st aneeaibabween ﬁlﬁ)nadidﬁﬁ:ﬁc\ﬁe Z;er@ialft&n%tikﬁﬂ%ean erﬁEtMgHﬁﬁé ve
paths, term nals connec o) get h LN rmn sed at a
QI hin %rt# %}{ s%aful;le %6%6 rb rﬁ%

narrow pitch of no more pm Yoo and the
15 centerlines of conductlve paths) as shown by Dl and D3 in Fig.

1{a) is preferably not more than 200 pm, moreipreferably not
more than 100 pm. '

Due to such preferable outer diameter (thickness) of the
conductive path and preferable distance between conductive
20 paths within a row of conductive paths, terminals of a
connection target having terminals disposed at a narrow pitch
of not more than 200 pgn, or not more than 100 pm, and the
above-mentioned conductive paths 1 can be certainly contacted.
When the distance between conductive paths within a row
25 of conductive paths is too small, an anisotropic conductive
film becomes rigid, and the film cannot be deformed easily
even with pressing. Therefore, the distance between conductive
paths within a row of conductive paths is preferably not less
than 30 pum. When the outer diameter (thickness) of the
30 conductive path 1 is too small, the conductive path 1 receives
a great damage along with increased number of use, and
durability of an anisotropic conductive film 100 is degraded.
Thus, the outer diameter (thickness) of the conductive path 1
is preferably not less than 10 pm.
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above- nenti oned conductive paths 1 can be certainly contacted. Wen the
di stance between conductive paths within a row 25 of conductive paths is
too small, an anisotropic conductive filmbeconmes rigid, and the film
cannot be deforned easily even with pressing. Therefore, the distance

bet ween conductive paths within a row of conductive paths 4léltaﬁghei‘9§r7abl y
not less than 30 pm Wen the outer dianeter (thickness) o

conductive path 1 is toQ small, the conductive path 1 recejves
damage along with incr e%s HEFo 8P %us beg Hﬁerp Fﬁ%‘i’lp”ttc}‘%cf eﬁml‘gals of
ani sotropic conduchhvelefcmkmlkoeom@orc@gramecthe Hkss,anﬂrmnrmlutexvedpam&t (i

(thickness) of the cor}g_%gy \é%]tcpggrrl] uctlbg lrlgnfgr q!bl y Dot | ess tt}_an 1Q )m 13

8 March 2007 To ens?Jre conn I Oon between narrow p 'ﬁé’(fef’géurlrrﬁ na J‘ft
el ectroni c conponeitpctdnt fydhalti klee atid tenrrd betvemn patldhg:toﬁre mhanbsmaeopl c

conductive fil m W &E ekQ"\éo%eé% Lgo%dlugé‘gle bgtlllé be' gﬂ?ﬂfe@”&h:;xhqjlet&e&tance

di st ance betmeen conducti ve pat s between s ad j acent rows of conductive
pat hs be smal | er t¥refivepheclidyraiice Papbs widhieohadyet P& eopdudici i PAINT -a2% ow

of conductive pathfunt@sned®blbONCdh BDXERs Thas FRANS shiidfeD2nks piNBhd &1
than D and D4 is snmaller than D3 in Fig. 1(a). To ensure the
af orenenti oned ef¥ecémalisie thpRtlhda bt vvéé‘ﬁ’ cohtfEEPTe Par Asorrdehetned

adj acent i0 rows aofrreendugie MesfalcBShéiddeantordd):tiSe PhatherlilienQldHBEMR
than 4/5, nore prefer abI not nore than 7/10, of the di stance bet ween
conductive path® ivHi / aFQPE}V&F%’f" cBAttttPoe ’bjalnﬁé TDPTEEERPLY LR FEF®  when
t he di stance bet vmmcomiumbwq:m"eh&lybebmmeadmaacemLormﬁstné dendusd | ve
paths is too small anlsals&tro &con‘c__l}lljctlv]e: é/t% ths. (D1

i nflexible. Thus, THaHiCPaRtE BePith “onduédt | ?/“é °pafﬁ“ et we r? adj acent
rows of conductl \Dé)patfﬂose‘(@z ghen Bhe dsstmnef gratbiepn noinduessvet panhsl/ 2 of

the distance bet W%%Qw&@rf‘%géé it QE%?%%BPAJ’&&V&B?’&% é%@“&#él‘ie paths

(DI, D3). 20 Wth regard t ve- ment 1 oned ural rows c¢onducti ve
paths (e.g., rd\ﬁsa@ﬁsemmetw@upawﬁs figm may]beq@yk inflexible. Thus, the

distance between ¢onductive paths between adjacent rows of
conductive paths (D2 and D4) is preferably not less thaﬁ 1/2
of the distance between conductive paths within a row of
conductive paths (D1, D3).

zg With regard to the above-mentioned plural rows of
conductive paths (e.g., rows of conductive paths 10A& - l; ioa
- 2, 10A - 3, 10A - 4---in Fig. 1) arranged in parallel tb each
other in the first directicon and plural rows of conductive
paths (e.g., plural rows of conductive paths 10B - 1, 10B - 2,

25 10B - 3, 10B - 4----arxrranged in paralle]l to the direction X in
Fig. 1) arranged in parallel to each other in the above-
mentioned second direction, the distance between conductive
paths within a row of conductive paths D1 and D3, D1=D3 or
D1#D3. With regard to the distance between conductive paths

30 between adjacent rows of conductive paths D2 and D4, mcoreover,
D2=D4 or D2+#D4.

The thickness of an anisotropic conductive film is

appropriately determined according to the use thereof. When it

is used as a test connector, particularly from the aspects of
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-2, 10A - 3, 10A - 4in Fig. 1) arranged in parallel to each other in the"
first direction and plural rows of conductive paths (e.g., plural rows of
conductive paths 10B - 1, 10B - 2, 25 10B - 3, 10B - 4""arranged in
parallel to the direction Xin Fig. 1) arranged in parallel to each other

in the above- nentioned second direction, the di stance bet o) ctive
paths within a row of conductive paths DI and D3, D1=D3 or%g%ﬁ%ﬁ%th

regard to the distance between conductive paths 30 between adjacent rows of
conductive paths D2 and D4, noreover, D2=D4 or D20D4. The thickness of an
ani sotropi ¢ conductive filmis appropriately determ ned according to the
use thereof. Wigmrdpt of IS tUSE0siS et t &HpoROMNEELOTowaRl i EFWAarly from the
aspects of 14 8 March 2007 warp_ of a test subject conponent, followability
to irregul ariti esTEPU e Sees MndPeaiff ARt |3%e B¢ He kehi Ehddsciessant

ani sotropi ¢ condiChhyeodrohi? | ®nhli8f Brall Ym 80P 80 2014 00QuRM0 PaKbbGH arly
preferably about 50 - 500 pm Wen an ani sotropic s conductive filmis used

as a nounting cAiféctHrry RFaIRreRhe St mét cof 09 $mpr &hePadt rapotiorio -
100 pm parti cul@nbyctipeef elmalikbyusdiDats 30nounBdngrionhactdewebé w@dlkessaseness

and connection teliability. As used hergjn, e thickness of an

ani sotropi ¢ conducttVe *fi ?%fr?ﬁﬁﬂ a?%f’ﬁfc%ésébgf“ma ??TtrﬁciugaE{Pbstrate 2 (D5
in Fig. 1(b)). Asefimtalyakisowtto3dor rhoawepnicletew o patiteslivekaswand

el ectrically CO@QHﬁédt‘i%n”Pélt%%Fﬂ&ﬁaf‘A %saﬁflﬂé%s@ﬁg-tn@ Qﬁléﬂ%ﬁaaéé)%%t. of

el ectrical conductivity, ne materi als suc ~copper, gold, alum num
ni ckel and the krkeetmeeipresingpablee fidm vdneoppéichrrEsgeEda afidmnor e

preferable. I,p additden, 2t is6sld opaly)shape of the conductive path 1 may
be circular., polygonal or other shape and is not particularly limted.

From the aspect of @8nPfriahs '@ FaBT (9 CPrRrTHVE B¥hilnak"¥™ a  connecti on
target, a circlelésc-fcef Bf abh@uctife niwreaeationsd htouhed. dhrameher '
(tfﬂ ckness) of ggg%é%ogng¥éc¥?i£§¥:Qo%gué%ivity, metal materials such as

copper, gold, aluminum, nickel and the like are preferable,

15 and copper and gold are more preferable. In addition, the
sectional shape of the conductive path 1 may be circular,
polygonal or other shape andris not particularly limited. From
the aspect of connection reliability with a terminal of a
connection target, a circle is preferable. The aforementioned

20 ounter diameter {thickness} of_the conductive path is a
diameter of the section when the sectional shape of a
conductive path is a circle, énd when the sectional shape of a
conductive path is other than circle, such as pelygon and the
like, it is a diameter of a circle assuming a circle

25 equivalent to the area of the section thereof.

Preferable embodiments of respective conductive paths i
in an anisotropic conductive film of the first embodiment are
shown in the following.

Preferably, as an anisotropic conductive film 101 shown

30 in Fig. 2, at least one of the ends 1A, 1B of the conductive ‘
path 1 protrudes from the principal plane (2a, 2b} of the film
substrate 2. More preferably, the ends 1A, 1B of the
conductive path 1 protrude from the both principal planes 2a,

2b of the film substrate 2. In other words, the ends of the

15



di aneter of the section when the sectional shape of a conductive path is a °
circle, and when the sectional shape of a conductive path is other than
circle, such as polygon and the like, it is a diameter of a circle
assuming a circle 25 equivalent to the area of the section thereof.
Preferabl e enbodi mrents of respective conductive paths 1 i FF @ﬁ% gtropic
conductive filmof the first enbodi ment are shown in the foll10 Q?
Preferably, as an anisotropic conductive film 101 shown 30 in Fig. 2, at

| east one of theends | A, 1B of the conductive path 1 protrudes fromthe
princi pal plane (2a, 2b) of the' film substrate 2. Mre preferably, the

ends 1A 1B of thgaconduchive Pable bREQELvIAL of-bOMdkhe-HotRcRr imci pal
pl anes 2a, 2b of the filmsubstrate 2. In otﬁer words, the ends of the 15

8 March 2007 cordeinalePpard oF P SifPePREOTBIS R 6Pr BEREHPBHT bot h t he
principal plane QRpbhatShae QRPEsitarhe grhel 86t FfHNkEde GFRONENtcand t he
principal plane on the side opposite to a circuit board. Thjs permts
setting of a l oﬁFC?b%a’oﬁé‘EesEg’ril PSTRHTS FeLE5RY Whed ANt ¥t PEEFTALY
conducti ve filsmeb@laitesdSeferagn aniw®stosdneatortivihei Ireasonid heeefore i s

that the conductive  path 1 can rgeaesaoshi chegeogtrgcgs achtgrm nal

f a
connection tar et $°R8%T 190N, " an " &hHiSot ropi ¢ cohductive 1 iFPRTITL Ean be
easily fixed onpatki¥ cahtrnd@ardsitshgentani lai tatnimglaof estohmeay@enat i on

itself The protrusj ' . h2_of . . f-4he ondugtive
path 1 fromt hetﬁg']l’%nprlﬁ{n%ggﬁ cj|onl’a%r(=§sarn %E%‘g&gﬁ‘s c%ﬁieu'&?iv?rﬁlsl&bgt)ga%g géi S
preferably 5 - 48spiy fawved qor ef ekuhiiy Wardzotipm 'facilitatppreferabre that the
protrusion hei ol afribRe;&nd¢15 of plural conductive paths 1 in one
principal plane of the filmbe the same. The protrusion hei %ht of the end

1A, 1B of the conducffhgerrgsarhiar fedahohd - pht i pae $19%8nt2 24 afl Hfe ot her
principal plangegdc@fivd hachi L nEsiubshd Al h2p rmyipel thensame, as shaws in -

film substrate 2 is preferably 5 - 40 ym, more preferably 3> -
30 um.” It is preferable that the protrusion height of the end

15 of plural conductive paths 1 in one principal plane of the
film be the same. , )

The protrusion height of the end 1A, 1B of the conductive
path 1 from one principal plane 2a and the other principal
plane 2b of the film substrate 2 may be the same, as shown in

20 Fig. 2, or different. In the latter case, it is preferable to
méke the protrusion height from the principal plane cpposite
td an electronic component ({semiconductor element etc.f
greater than that from the principal plane opposite to a
circuit board.

25 More specifically, the protrusion height of the end of a
conductive path from the principal plane opposite to an ‘
electronic component is preferably 10 - 40 pm, more preferably
10 - 30 pm, and the protrusion height of the end of a 7
conductive path from the principal plane opposite to a circuit

30 board is preferaﬁly 5 - 20 pm, more preferably 5 - 10 pm, *and
the difference between the two is preferably 5 - 35 um, more

preferably 5 - 20 um.

When the protrusion height of the end of a conductive

path from the principal plane opposite to an electronic
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20 Fig. 2, or different. In the latter case, it is preferable to nake the
protrusion height fromthe principal plane opposite to an electronic
conponent (sem conductor elenment etc.) greater than that fromthe

princi pal plane opposite to a circuit board. 25 Mdire specifically, the
protrusion height of the end of a conductive path fromth%ﬁrl hCiOBé)l pl ane
opposite to an electronic conponent is preferably 10 - 40 pm Ttore
preferably 10 - 30 pm and the protrusion height of the end of a
conductive pat h cbmﬁm:érhe iprisws pakn ploape, opeosbidudtava Hathcui is 3dtboard i s

preferably 5 9[’% tg%[xg%t?y?%grggjlt YacR wich) RO tex?\@ga tc;}egdg:grgo%qlggge

betweenthetwo I'S pm nore prefera
t he protrusion WéPgﬁtSl@fa@ﬁelseAdW@f thapoructiryece pdt bhe rC@ﬂPfPIIrf@tprMﬂzl paI

bl ane opposi te LAeAM eLSELLANGS A8 uMLANR00T, SOTRONGN! of s, | eSS than 10

pm the conductive path easl | rou Into contact with the
term nal of a®c&ApOHEdte Wﬁ?’sé%@?ffé’céel%‘fq"éﬁﬂéﬁi dHaRI théestr f ABe of the

conponent, and sulenidnl, @xGeeds A RUkidNeRERt 144SkRA Hfa bheaend of a 5
conductive path tends to be defornmed during a test. In addl tion, when the

protrusion hei gAt™ I tKe RAtG 6F8 “CoRbRTPIE HAR PRRARIEA DrA REFPHE pl ane
opposite to a Chést tis Do dnhs 4 &S tmr&oédmwtehga@padusﬁésveop@éél 1 cones

to resist easy contac ith cir.cuit, hoar circuit).in the re ted io

uoe, “and whon 1 tiekcanlnba s SuhErar d2RE] Bt Mot SRabEETDe pat f

tends to be defoséapénbywidieitepanicad 2SQm, Prp&foeﬁ:abiqn phhe arenberl i ne of

t he conductive pat n a a fi tr Ng.inclined to
& ncglch&g p%tcgl E%}ﬁ b 1%| Caeranll ER S é% %ea‘pe%! ! .

forman angle o e ver ne rincipal plane is
of the fil msubstrat Brefergbie, pihef eentsin)ine et e:ha @?fndphél‘ceom)éebtﬁ ve path 1

protrudes fromﬁé}f‘et%té‘s,c'ap%hxmﬁﬂ)%tpété heynfid %laﬂ@sﬂn @iﬁec?toTPéén has an
effect that a narrow pitched term nal contained in an electronic
conponent , whosoadgr PAce — 45° with the vertical line of the principal plane

15 of the film substrate 2. More preferably, the end of the
conductive path 1 protrudes from the principal plane of the
.film substrate 2. This has an effect that a narrow ﬁitched
terminal contained in an electronic component, whose surface
is lower than the surface of the component, and a conductive

20 path of an anisotropic conductive film can be-certainly
contacted with a small load. This is described somewhat in
detail by referring to Figs. 3 and 4. ‘

The centerline L1 of plural conductive paths 1 is
preferably inclined to form an angle of 5 — 45° with the

25 vertical line L2 of the principal plane of the film substrate
2. This has an effect that, when a conductive path 1 contacks
a terminal, the conductive path 1 bends and the pressure
applied to the terminal decreases more.

When the angle (a) that the centerline L1 of the

30 conductive path 1 forms with the vertical line L2 in the
principal plane of the film substrate 2 is less than 5°, the
contact pressure when the conductive path 1 is brought into
contact with the terminal of a connection target {electronic

compenent, circuit board etc.} does not decrease easily, and

i7



i's lower than the surface of the conponent, and a conductive 20 path of an
ani sotropi ¢ conductive filmcan be certainly contacted with a snmall | oad.
This is described somewhat in detail by referring to Figs. 3 and 4. The

centerline L1 of plural conductive paths 1 is preferably inclined to form

an angle of 5 - 45 wth the 25 vertical line L2 of the prin e of
the filmsubstrate 2. This has an effect that, when a condggﬁ?{:/%@%@?h 1
contacts a termnal, the conductive path 1 bends and the pressure applied
to the term nal decreases nore. Wen the angle (a) that the centerline L1
of the 30 conductive path 1 forns with the vertical line L2 in the

princi pal pl ane “Bf" tiHe eFFeefss Abst the e2d sctss te i uSE {Hefsegbnttact
pressure when t pestoiRadcdf WhepPadd ok tBe HoaU@htiveNb@:cn CORhACEH ML P it

termnal of a chnaecctoinon tt,ar ggt el ectronic corrponent}1 circuit board etc.)
does not decreaSe 2aSTP§THERI IS MPTH 2607 hBR S thexiusddnds, the need

occurs to adjustifmfcuset) Théieangpesk tioasrofpleierang @b t hgeconductive path
1 and the terpinal Qp%%@%';?a%tl'yf?naé asrhg%,i%/\/ryich ler%gg_g%ﬁrg%gleﬂégg of

handling difficult. The angle a’i's nore pretéerably
preferably, as Showdural Fogdudtivehpatentileis iinglidedfto fhen phuasadleconducti ve

paths 1 is inclined:tq.ftorma 5.- 4 ith the vertjcal Line L2 of
t he princi pal pf‘angso%l%ﬁemef ?F%?%uels?%é ej—“22?§atnda Pﬁéncelr?ﬁz B ,nelgko % he
conduct i ve pat h&l1im spesgasei Yelopdptitn cude ¥.0aPt 4l thet forpluchévpalathb anes

2a, 2b _10 of tf‘&efsbmla@ﬂisﬂé@§tﬂ1§>tt%unge Bme o %m%ﬁ%@g &P’f;%héé'téac,’% an
el ectronic conponent and a circuit board can be funcrf)l onally testably
conducted ef%ctt ital fy ™ wWrilrF tFaF8vf pressure | oad even when a terninal is
di sposed at a narrovwpichghoyding' B&th MaRE1MAAc20QPRLESUWIRET conpenPt NMOT e

than 100 pm), and a caonnection target is an electronic conponent having a
surface struct uarng Wnerétht thf?é’rgu?‘?rggg B RBAL B APASEP s cIvBEEK from t he

conponent sur f adectizsaldedvith a low pressure load even when a terminal is
disposed at a narrow pitch of not more than 200 pm {(further,
15 not more than 100 ym), and a connection target is an electronic
component having a surface structure wherein the surface of
the terminal is set béckrfrom the component surface. As used
herein, an electronic component having a surface structure
wherein the surface of the terminal iz set back from the
20 component surface means an electronic component having a depth
from the component surface to the terminal surface is
generally about 5 - 20 pml
The protrusion height of the ends 1A, 1B of the
conductive path 1 from the both principal planes 2a, 2b of the
25 film substrate 2 is preferably set in the range explained in -
the above. In the same manner as above, it is preferable to
set the protrusion height from the principal plane opposite to
an electronic component (semiconductor element etc.) greater
than the protrusion height from the principal plane opposite
30 to a circuit board, and preferable protrusion heights and -the
difference in the respective préferable protrusion heights are
preferably set within the range explained in the above.
Preferably, an end of the conductive path 1 protruding

from the principal plane of the film substrate 2 is covered by

1B



herein, an electronic conponent “having a surface structure. wherein the
surface of the terminal is set back fromthe 20 conponent surface neans an
el ectroni c conponent having a depth fromthe conponent surface to the
termnal surface is generally about 5 - 20 pm The protrusion hei ght of
the ends 1A, 1B of the conductive path 1 fromthe both p”é‘ﬁiaﬁ’@dzdﬁﬁ”es
2a, 2b of the 25 filmsubstrate 2 is preferably set in the range expl ai ned
in the above. In the sane manner as above, it is preferable to set the
protrusion height fromthe principal plane opposite to an electronic
conponent (sem conduct or eI enent etc.) greater than the protrusion height

fromthe princi aLirpI ang. o os ite 38 to a circuit board, and preferable
protrusion hei é’ﬁ?s ahd -t e eiﬁjf‘i‘ e FBRCEACT HESEELTRGG: PEEY e ftBR abl e

prot rusi on hei ghhdyctarne pqotrrefleaablay teehinslt BE M tdﬂrﬂné@ﬁgﬂ expja ned in the
above. Preferahl e he. conductive p r ot rudin romthe
principal plane %]feaa%e ?9? mog% StTate Y8t te 58 RPAUrEL e %ﬁ'ﬂ‘?hl 2007

pl ati ng. As a rFeBUWi4 impheveclontTet thiesiresancie tbetmeﬁnbh&ye&ongqmaltmgpath 1
and a term nal Qf 2 fEPINRE targ dec ses and orrosion resistance
of the conductiveé patg t@%ﬁ ezal rrggr) dved. Srufﬁ U ERNETE oSt he coat i ng

| ayer by plati H@e%eflaé’lbrfé’f’-’é‘taém}y Padpbing Fith 1) metml Swoling daitdbngléaydr | S

preferably foramebyiplat bR0a Wdho:idEtak; ifk_aawtngemlgh SlEELLL L

conductivity or a corr05| on resistant netal. Preferable exarrpﬁ es t hereof
include a N | S5BPLAYD HsFert byrdrdetd &leé%yerﬁl’*atlwr By 4lscwrates Ni/ Au

| ayer by el ectgsniteag pbat tdghinkhe N;q;;afm;.earem|a@egr@g}t5agiagle@ S{._ﬁé‘lce can
be reduced. Thef bove-. Qtl oned protrusion height of an end o

conducti ve Patt o PR RE pFITEChat e Pr AR o rag tl"f Iereersdt r B a%ﬁé?r a
coating | ayermemripheat |pmgtnsSJfoernenbrmnofhe1 sHif@ce ebnddi@ieadh the

conductive path Jcﬁe:p QJ% ht from t he ri nC| t:ra&gn&fe‘bgfﬁ%ﬁngg film

e
substrate 2 to the surface o Pﬁe coatlng aye
layer by plating is formed on the surface of the end of the

conductive path 1 is the height from the principal plane of

1s the film substrate 2 to the surface of the coating layer

formedrby plating. |

As used herein, the terminal {electrode} of an electronic
component such as a semiconductor element and the like, which
is the target of functional tests, may have various forms,

20 such as a flat pad, one with a solder bump, one haﬁing a
periphery of a pad covered with a passivation membrane and the
like and a surface set back from the surface of the
passivation membrane, in other words, one having a terminal
{(electrode) surface set back from the surface of a component.

25 and the like. In addition, the circuit board may be a circuit,
board as a product to mount an electronic component, or a
circuit board as a test tool prepared using the same as a
model .

In the first embodiment of the anisotropic conductive

30 film, a known insulating resin material conventionally used
for a film substrate of an anisotropic conductive film is used
for the film substrate 2. For example, various thermoplastic
and thermosetting resins such as thermoplastic polyimide

resin, epoxy resin, polyetherimide resin, polyamide resin,

19



As used herein, the termnal (electrode) of an electronic conponent such
as a sem conductor elenent and the |like, which is the target of functional
tests, may have various fornms, 20 such as a flat pad, one with a sol der
bunp, one having a periphery of a pad covered with a passivation nmenbrane
and the |Ilike and a surface set back fromthe surface of ”%el\@ﬁﬁf@ ation
menbrane, in other words, one having a termnal (el ectrode (9 set
back fromthe surface of a conponent 2s and the like. In addition, the
circuit board nay be a circuit, board as a product to mount an el ectronic
conponent, or board as a test to prepared using the sane as a
nodel . In the fé‘lllrlécﬁ'%"rlent)(%hn rrBfr:ﬁnoxf’ ﬁ?manlcsréi?}%ﬁl FE toRatEPve i 869 i | m a
known i nsul at i fRpiPestiiorttcertain corventéomably, pebdiretipmearésinmsaibstr at e

of an ani sotropike;conduepiceifidinsisndsedcnl 9k ;ato%uiétnrarhé‘tl?.%%ratlgs :c FOf
exanpl e, vario her rmgl astic and thernosetting resins suc

t hermopl astic por’ y?rﬁelrde CLYEET T CBpUkY L FEdienSLassPyRherhdee resi n,

pol yam de resi fherhOpiishae cha0fier sid itbONE keeSind tRNQRRX Yeahesi N, acrylic
resin, polycarhogi blggode rd%%!a orine,resin, . polyester resin,.

pol yur et hane resin and th |nT< Jffel}‘il‘netrhrgmp 5ot at”gﬁ ﬁg?ldhﬁ‘?ge?ﬁ&h a@s?

pol yur et hane t‘FPé’FﬁBE)Iaéé?Hé‘ClECI“a@t birasreor bl b e st leys tbversnoPheashe onagllast ener |

pol yani de t heeflmﬁpbn’r?e&t e £Ipa§£&r£_alie apdethe |fbl<eenhéﬁ'91ntgh€hé iKe.GAN; )‘ﬁ
mentioned. As U lso%r A he "insul at.i |ng resin material™ is a cept

al so i ncl udi ng t er mopt s i cc%nda‘%cttbﬁ%rﬁsl T e CReF B PP adtd Ela%tloa@ﬁé)r?@w is a
pref erabl e mat@ritain fioriephaacimgls bechlexirbildd, ypDistiaizanhs@thopic 70

conductive fil®cedhasertAShOS O@ng{j lf@ﬁe(}”ﬂ&u%ysl coarrlltda%\ ovarious naterials
such as filler, plasticizer and rubber materl al S o *FHECF 95 er

i ncl ude Si 02 ak§ WFPHACiasxatfslade JCP fivdcpeet P’@‘i’spéﬁter)neh@d@PT@FiO(cmvl cresyl
phosphat e) andhDORL(te) Dobyhpleahbhalnat el)bbeQXﬁéH%lr@& anci% kERber materi al

i ncl ude NBR ( n il ubutladl en bber
(pol ystyrene- p%lg%io(?] Fene R VSty 'e’lﬁlé‘?ﬂanaB% h‘@oh’%érene polybutylene-

polystyrene) and the llke

As mentioned above, the anisotropic conductive film of the
first embodiment is preferable as a test connector for an
electronic component such as a semiconductor element and the like,
and the modulus of elasticity of the structure
(anisotropic conductive film) as a whole is preferably 10 - 30 MPa

at 25 - 40°C, more preferably 10 - 20 MPa. The modulus of
elasticity is measured using a dynamic viscoelasticity measure
apparatus (DMS210, Seiko Instruments Inc.). The measurement
conditions are an extension mode relative to one direction from
among the directions that the surface of the Film substrate of the
anisotropic conductive film expands at a constant frequency (10 Hz)
at a temperature raise rate of 5°C/min and the measurement at
-30°C - 250°C. The thickness of the sample to be input for
measurement is a thickness of the film substrate in the anisotropic
conductive film.
The anisotropic conductive film of this embodiment can be
produced by, for example, a method including the following Steps

1 - 3. The following production method includes cutting

20




As nentioned above, the.anisotropic conductive filmof the first:

enbodi ment is preferable as a test connector for an el ectronic conponent
such as a sem conductor elenent and the like, and the nodul us of

el asticity of the structure (anisotropic conductive film as a whole is

preferably 10 - 30 MPa at 25 - 40C, nore preferably 10 - 2 .
nodul us of elasticity is nmeasured using a dynam c vi scoel ag%a? %J%asure

apparatus (DWVS210, Seiko Instruments Inc.). The neasurenent conditions are
an extension node relative to one direction from anong the directions that
the surface of the filmsubstrate of the anisotropic conductive film

expands at a constanildyeeqsentytuidbidek céiprast enatiy e raise rate of
5C/ m n and theéggl surement at -lSO_C - 250C. The thickness of the sanple to
be input for neasurenent i s A Ehi¥késs HVitaer foorRisUbsyentredenttdre

ani sotropi ¢ comdéttilaeingl msifihtomrdsoh rAPb6c&ORAYELiMe Bl of this

enbodi ment can cQﬁdu@JiQQU‘Sf_ﬁlde by, for. exanple, a method including the

fol lowing Steps 1 - 3. The foll ovvilrxllaug? ctFoR ftthodhinklarges cutting 20
8 March 2007°¢ &lheAnaitldy ekemdtnptied.uie bl gclencoimar kBidiGieds| aygEs Ofp,wound wire

conprising an c8stdAtlQn M e hay coating | ayer made from an
insulating resin formed&on an out eerggp(gfr iDhery 8f % &6fidtictile Wa e and an

i nsul ating resfh ¥R Peitieeh arws 5fatdralunat el pakasiatatedinisbedogicven film
t hi ckness. Thusgnddyti€OHinal LANGet Re: I s of ,an insulating resin film
the distance between rows of cond%%ti_\r}lésggvglft%sgg?d ASaht $8t r dfgreover.
conductive fil CARHE RAFuSTUH T GBAIMrads Biprontbridoeesa thsan

ani sot r opi ctaconduoyed exf il mﬂg@ngﬁiﬁ@gngm%ﬁ/&kp% S k02l rb%nged in a
particul ar houndstoot ! chec(zg% ttern can be efficiently produced. In a
pref erabl e enbodi nent —of PEREFEr | owi ng production nmethod, a nmultilayer

structure conprising @ bayrradle vewbdimad 8 CAIMELS] NG ngNpiddaWL AL On wire
and an i nsul atioRgod 88l A, 18 L, LI ML ar e, al ternatel y Taninated s placed
in a space . yer of wound
wire comprising an insulation wire and an insulating resin
15 film, which are alternately laminated is placed in a space
permitting formation of a decqmpression Oor vacuum, and aftef
decompressing or vacﬁumizing the space, the multilayer
structure is heated and pressed to give a block of the
multilayer structure. In this way, an anisotropic conductive
2¢ film comprising conductive paths aligned regularly can.be
obtained.

In another preferable embodiment of the following
production methed, a block of a multilayer structure is cut
inte plural blocks, and the plural blocks are integrally

25 ceonnected to give a block having an increased width of a
surface where the section of the insulation wire appears,
which wide block is then cnt to give an anisotropic conductive
film. 1In this way, an anisotropic conductive film comprising
having a relatively large area can be efficiently obtained.

30
Step 1: As shown in Fig. 5, a sheet of an insulating resin
film 21 is wound roll-like around a core 20, and an insulation
wire 22 is wound at a given pitch like a coil on the outer

periphery of the roll-like insulating resin film 21 {(Figs.

21



permtting formation of. a deconpression or vacuum and after :deconpressing
or vacuum zing the space, the nultilayer structure is heated and pressed
to give a block of the nmultilayer structure. In this way, an ani sotropic
conductive 20 filmconprising conductive paths aligned regularly can be

obtai ned. In another preferable enbodi nent of the f°||0“‘n98pﬂg?95§&}°n
met hod, a block of a nultilayer structure is cut into plura ocks, and
the plural blocks are integrally 25 connected to give a block having an
increased width of a surface where the section of the insulation wire
appears, which wide block is then cut to give an ani sotropic conductive
film In this waal anlkahi sand gpiie Tmrddetiapeated m Conpgrbslatgonhaeigengza
relatively |arge.apeacan bsLtticl %&gynggﬁaraed:oéPngSthe} zBSulioun 1 n

Fig. 5, a sheet of an insulating resin® ftil 'S woun e around
a core 20, and éﬁOfPr?gUIlaF‘i”e?rFmW Fesip2 vhiqhoandfamed ¢f e piteeh |ike a coil

on the outer peciphes 354 ofedede. r ahl 1hid@ciosuliabi #9 Lashbd Suh gl €Flgs. 21
8 March 2007 5(a), (b)) and this step is repeated. The insulation wire

22 conprises aet‘S‘HFth‘?ct R VNP \é“’zcé‘é‘gaﬂ%‘:r&néoé‘f‘i%dsl Ay ioo-atadEle f rom an

i nsul ati ng resi RBegytaircRihdi lgonaEti eNabdiacnaul eke . pemy pher yrddageeof . An
insulation wire 22 can be wound by, for s exarrg a known wi ndi ng nachi ne
such as a hori zBRTEA“PYpef "‘F"g@h]raé%/ermfﬁﬁcﬁdrﬁ&an RBEHTY AR W ULREIN By such
repeated operatéfin falrﬁruzhi ehayerlager uct woend3rinvherE Roaprisiaylating resin

film?21 and a Iarye wound re 22 er(nggrisg)nag i nsul at |fon vc\g re 22 are
i

1on wlye t d
alternatelylamnae can be formed” |Eta glsaseceilonal Vi ew

of the multikayérig.sérucFauge 6231saI60|sg(:‘alcpilaaneiQ}omfaﬂm mgltileyeent erl i ne of
core 20 AS Sh cltgré:IZQJ a?om} gegm!géjlcgnpgd'gﬁlg er e Q‘if’lrag Pe&&.grl I nes

Cl of adjacent |nsul ation wres ayers of wound
wire (22A - 1, 2N As 33}10153 tolhFed, the middle p01nt M between the

centerlines Cl of adjacent insulation wires 22 in the odd-
numbered layers of wound wire (22A - 1, 22A - 3} as counted
15 from the core 20 side, and the centerline C2 of the insulation

wire 22 in even—npmbered layers of wound wire (ZZA - 2, 22A -
4) are aiigned on the same straight line {virtual line) L3. To
achieve this, the positions of wiﬁding insulation wires 22 are
disleocated in the longitudinal direction (Z direction in Fig.

- 20 6) of core 20 between the odd-numbered layers of wound wire
{(22A - 1, 22A - 3) and the even-numbered layers of wound wire

(227 - 2, 22A - 4), as counted from the core 20 slde.

Step 2: The multilayer structure 23 obtained in the above-—

2% mentioned Step 1 is heated and pressed to melt the insulating
resin coating layer 22b of the insulation wire 22 and the
insulating resin film 21 to give a block of the multilayer
structure. While the heating temperature and pressure then
vary depending on the materials constituting the insulation

30 wire 22 and insulating resin film 21, the heating temperature
is generally about 120 - 200°C, preferably about 130 - 180¢C.
In addition, the pressure is generally about 3 - 20 kéf/cﬁz,
preferably 5 - 15 kgf/cm?. Preferably, a multilayer structure

23 is disposed in a space permitting formation of

22



is fromthe core 20 side, and the centerline C2 of the insulation wre 22
in even-nunbered | ayers of wound wire (22A - 2, 22A - 4) are aligned on the
sanme straight line (virtual line) L3. To achieve this, the positions of

wi nding insulation wires 22 are dislocated in the |ongitudinal direction
(Z direction in Fig. 20 6) of core 20 between the odd-nunbeg ar!:l?‘!@tf of
wound wire (22A - 1, 22A - 3) and the even-nunbered | ayers of wouhd wre
(22A - 2, 22A - 4), as counted fromthe core 20 side. Step 2: The

mul tilayer structure 23 obtained in the above 25 nentioned Step 1 is heated
and pressed to nelt the insulating resin coating |layer 22b of the

i nsul ati on wi r edR@mpnestilve of ngbami regdr ester fdekamesséngiare a bl ock of the

mul tilayer strug i i N8 Deatd NGk AIMEr Ak Wk aRda ¥y essys .t hen
vary dependi ng ‘}(;arfhpﬁguﬁgﬂ'elrn?ﬁls donst i tufi ng the insul at?on%30 wire 22 and

i nsul ating resiwifsi @y 2B bleek ipdati Py HeAYRT SthPetuses eyl 4P F%bout 120 -

200C, preferably gBout) 1395 ABQRnecddiadddidd on, thid@ulprRSSUr Sehetrgeseral |y
about 3 - 20 kgf/cnR, ©preferably 5 - 15 kgf/cn® Prefgrabl ;,C a.nmultilayer
structure 23 i< .drepowedurhiye 8pEke Wernf ttalny FOINEEF FHISP-ZPE March

2007 deconpr es$in@lcOfve’ 2¢ Uk Mreandra fieghl €0 API QSR NrsOnsvd digutriZi ng,

mul tilayer structure 23 is heated and ?ressed. Iﬁ ttg' s way, a bl ock of a
nul til ayer strUELUPECTRTeHR YRl WPERDUT™ S 83Ving an” unnecessary gap in
the nultilayer SinbHgHddie pbesdBreamti dendestradey patthsore thahi fdl€ YPpr oduced
ani sot ropi c _ conductive f11m are.amre £ ooyl arl v, algned.eAsoused. besel n
the deconpressi®fi MEARY B8 esSSiPe ShalTer Than the ' at nospheric pressure
and i s generidl Inptne¢raruhen th&I10MB6 M, effhdiardcugmvidans Wecesapyr &88i on

particularly tq.the, %{%ﬁsﬁfeess. Lg 10s 31(3&@ r@{e%egrgﬁﬂr QpfPicdVRa. v&Qh ef fici ent
g € g

renoval of the gap, eating and pressing is nore preferably applied in
vacuo. Wil e ®hélsgthrotetind det oiRNOBBEFHH °8r ¥ JATURT A6 155 PRGt

particularly |igited,.$¥$ti QS NG cR1OM UL 10YAE WP WEDauh Spudph el er abl e for
wor kabi lity. ‘ o _
preferable for workability.

15 ihe above-mentioned space permitting formation of a
decompression or vacﬁum is, for example, the space inside a
‘rigid box (i.e., box having rigidity capable of retaining the
shape without deformation when decompressed or vacuumized),
the space inside a bag made of a flexible film and the like.

20 The material of the rigid box is, for example, metals such as
iron, aluminum, stainless steel, carbon steel, bronze and tﬁe
like, plastic such as polyethylene, polyurethane, acrylic
resin, polyamide, polycarbonate and the like, and the like. As
the flexible film, metal films such as aluminum and the like,

25 plastic films such as nylon film, polyester film, polyethylene
film, polyimide film and the like or a laminate film wherein’
an aluminum film and the like are laminated con a polyethylene
film and the like, and the like can be used. When a bag made
of a flexible film is used and the space inside the bag is

30 vacuumized, the bag closely adheres to the multilayer
structure 23, whereby more effectively removing the
unnecessary gap in the multilayer structure 23.

In pressing for achieving the heating and pressing, a

method including introducing a compressed gas into the above-

23



15 The above-nenti oned space permtting formation of a deconpression or
vacuumis, for exanple, the space inside a ,rigid box (i.e., box having
rigidity capable of retaining the shape w thout deformation when

deconpressed or vacuum zed), the space inside a bag nade of a flexible

filmand the like. 20 The material of the rigid box is, forgﬁgﬁm nmet al s
such as iron, alum num stainless steel, carbon steel, bronze and the

| i ke, plastic such as pol yethyl ene, polyurethane, acrylic resin,

pol yam de, polycarbonate and the like, and the like. As the flexible film
metal films such as alum numand the like, 25 plastic filnms such as nyl on
film polyester hédthonpdlgpaichy(aee pétmntrpod orndeidd bm artkcbhgrddskenor a
| am nate fil mV\heL[eviarclz u niasl u”;f’el{% il melnd éhell [ Il<]e are I% ' nateg on a

pol yet hyl ene fiT'm'and the”l PKE “"ana tHe PTKe cah & G3E° " whsh ™ B%% made
of a flexible filmlundiusddtapdudtiensphceorpnsistd the Ithg v 30 wmcuenized,
the bag closely ANGLES JOnlBEdTH bid NRN cp UG Gnedeohebely JIOr e

effectively renoving the unnecessary gap in the nultilay structure 23.
I n pressing fol ressbivg enpeldtesuPripsaadn priessidigataon met bd i ncl udi ng
introduci ng a caupessed gasei nto the above- 23 8 March 2007 nentioned
space (space permtting formati on of a deconpression or vacuum 1S
preferably enployed- In the case of the nethod i ncluding introduction of

conpressed gas, dihe sisenefpBdtK Berthe gastSUGBrascickhagen gascandnthe |ike
as the conpressed ?gs referably enabl es suppressi on of oxidization of-

5 > ( g
the conductive RPFEO S gbe%:z Tﬁeg‘bt't 3Bk ot ftlﬁ’g HuPt FHEerhSEFMrStur éh23 in
t he above- nemt ibanexl St ept 2ZalichigCtlie iplhfe afdrhnlifg ofn anglie/eath httekness. The

io block is cut :along.the pla orm ng. an_angl ith the insylation wre
22 (conductive vhnrs‘é{] a ‘i’%sﬁ gg I oélq‘]ﬁ'i:g%:‘f(e gf’“rgt%eawrrﬁrllstlidleay ?%g“PFEC(ﬁJI‘e 23.
A tool for cuttithg meibayeanytascturengs asii tocdafioc ututthey inkgubatangnasi re 22

and cut the mul 4LLAYEM ;BT EHCLHE Sl Re it foi b w QT 2 8XAPLE: oM T Saw 2
multilayer structure into a film. For example, a wire saw, a
i5 dicer and the like are used.

After performing the Steps 1 -~ 3, an anisotropic
conductive film having a group 6f conductive paths in a
houndstooth check pattern is obtained. That is, insulation
wire 22 (conductive wire 22a) corresponds to the conductive

20 path 1 of an anisotropic conduct;ve film, insulation wires 22
(conductive wires 22a} aligned in one layer of wound wires 2A
cerresponds to the rows of conduétive paths, distance (dl)
between the centerlines of aligned insulation wires 22
(conductive wires 22a) corresponds to the distance between

25 conductive paths (Dl) inside rows of conductive paths (10A'- 1,
10A - 2, 10A - 3, 10A - 4--*}) in an anisotropic conductive film
(see Fig. 1). The distance between conductive paths between
adjacent rows of conductive paths {D2) of an anisotropic
conductive film is mainly adjusted by the thickness (d2) of

30 the insulating resin film 21. By adjusting the thickness {d2)
of the insulating resin film 21 tc not more than 0.8 time
(preferably not more than 0.7 time) the distance {(dl) between
centerlines of the above-mentioned insulation wires 22

{conductive wires 22a), the distance between conductive paths
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is dicer and the like are used. After performng the Steps 1 - 3, an
ani sotropic conductive filmhaving a group of conductive paths in a
houndst oot h check pattern is obtained. That is, insulation wre 22
(conductive wire 22a) corresponds to the conductive 20 path 1 of an

ani sotropi c conductive film insulation wres 22 (conductigw r 722a)
aligned in one |layer of wound wires 2A corresponds to the }b
conductive paths, distance (dl) between the centerlines of aligned
insulation wres 22 (conductive wires 22a) corresponds to the distance
bet ween 25 condBTHiSFB PHEANE"E DS A% RIPEhs 0P BB | % pathasiq 10A"- 1,
10A - 2, 10A - $a2l10A that- }hé niidhafdd SRLEOMH CoR@MAUGHI ¥ordd LMn{sge Fig. 1)
The di stance befween cor&dugti ve path ,t?et ween adjacent rows of conductive
HGRT SOTPOPT £ EahttctVe

paths (D2) of an anisotropic &8 $99 fPs Hai f5Prabiesseacbyt he

t hi ckness (d2) =fff36idrte innsidtabhngeuwesh nedriduit 2de pBynadjtust 440 t he

thi ckness (d2) ,,Qf..Lhe | ating . resin_film?2l1 to not re than 0.8 tine
(preferably notbem?e’bt ogﬁé .J%et P%étjs tlﬁef%jillset@a‘ﬁt%‘ car g Bh T=Geht erl i nes
of the above- nefiiron&Heyefoykat tHorineses(d22 of dorduttinge ré Ire i Pga)21 t he

di stance between gpndugtiye.chatbss 24.8 Mgk 7 .between adjacent rows of
conductive paths (D2) ca_nybe mag:les smal (}v'gir %Flﬁ%gt PheHid an&@qbg?ﬁﬁﬂf’e‘?ﬁ‘
conduct i ve pat ﬁé‘evﬁi%ﬁﬁl%ﬂésr 6l Bisugantlrt ives R Hsofdb)i¢seeresg224a)).. From
the aspect of oauffd eiedt HaRaul@aid @R;belagesr Ganduct i vue;pathg, the gap s
bet ween conductive paths is filled with an insulating resin 1 m
Therefore, thi ERAEDY (AT GRPi HR ACKET ridier -FHLATipREYiXe 22 gnayr béevwmbl y not

|l ess than 0.1 thiknkbe £ skanted ¢by DRI WeRN (hhes LBt BElides<ef insul ation
t he ot her hand, the thickness of the

wires 22 (conductive.wres 22a). =~ On . ness 7
i nsul ati ng resflnsuzl@%é%%t"llﬁa %‘gfé’fi 55 1RGULHVRE FRE AU Aliconhigty 522 nay
be such thickoessaasy requtted ok e rbagd dragdhesigop) . bet ween the

ol ot et T om Chasy Shdt Bes AU 801G b6R1D b B ] 108 SE0RT Y

15 the block of multilayer structure 23 in Step 2, stack  these
small blocks in such a manner that the section of each
insuiation wire 22 (conductive wire 22a) faces the same
direction, heat and press the blocks to integrate them into a
block having a greater width, and cut the block having a

20 greater width to give a film having a given thickness with a
plane.forming an angle with the insulation wire 22 (conductive
wire 22a) as a section, whereby an anisotropic conductivé film
having a relatively large area can be produced. It is
preferable to dispose a number of small blocks stuck in a

25 certain direction in a space permitting formation of
decompression or vacuum, and after decompressing or
vacuumizing the space, heat and press the above-mentioned a
number of small blocks. In this way, unnecessary gaps between
stuck blocks and unnecessary gaps remaining in a trace amount

30 1in each block can be eliminated, and as a result, the
conductive paths in an anisotropic conductive film to be
finally produced are more regularly aligned. The heating and

pressing conditions here are the same as those in Step 2. To

prevent position error of stuck blocks, the stuck blocks are

25




It is possible to cut out a nunber of small blocks from 15 the bl ock of

mul tilayer structure 23 in Step 2, stack these small blocks in such a
manner that the section of each insulation wire 22 (conductive wire 22a)
faces the sane direction, heat and press the blocks to integrate theminto

a block having a greater width, and cut the bl ock having asﬁgrc%rmger
width to give a filmhaving a given thickness with a plane Tormng an
angle with the insulation wire 22 (conductive wre 22a) as a section,
wher eby an ani sot r ppeferebhdudiacee ¥ [anhedfaviends tantebax ihpglipg |anegerer ea can

be produced. It is,piefenablgeb0edliSRASEnA AHEhSF AF SIS FlQLeQCK&e%t pek in
a 25 certain direction in a space permtting formation of deconpression
or vacuum and aft&fdebbPPredsemyiasrd mcubnf A3 ehe Spatdlehéatmand

press the above- meptds@egda tAlMeyidel ssdmrl ks biQek®izdd) the HaWa¥iosely

unnecessary gaps between stuck bl ocks and unnecessary g%[)s remaining in a
trace amount 30 3 rPEEER% bFOIRE AT Ve PEPFifi ndt%ed, Tefid tasT S S8R Y, e

conducti ve paths iihsAdeard5ettopd G160Rsusldl berddehnblid-klecaid inaahbye produced
are nore regularly i gned. The heatin n pressing conditions here are
the same as those ?f%'egg‘é‘beqi’. ref%oveﬁirevAes?\f:g %gjsolxt FB‘%Sbearg?thoosfe 5%%%%1&%0%,
the stuck bl ocks areex 2bd Sayhnséd 2@0Ftepreeten & yspdaced in a heat resistant
box having one open plang, and, argsse n‘iaﬁo%ééﬂ%t?énd% ?ﬁoé h%hgif?er}l pl ane.

ag e of a £ id m

When the stuck blocks are placed in a exi’bl'e
pressed and t hetsi rgiidetsypdcecomlugaéveiniidedos théybadravling edry esdgebha@res to

the stuck blocks. Afufcf®IUblen YIRELESSA! ¥YrdfRSe pASI6aT §3RACTIVE Pl ACKS
and between bl ocks can be nore “effectively renoved. As the box and bag,

those sim lar to tSHQStﬁB? andtb&g BErced. ﬁrﬁeﬁn?s‘pfd’ﬁ’%‘é ‘g‘fg‘éld‘?t#‘f? tffhla*“ _
above-nentioned pr@ditldORLFRIIOEne MR cRentliBnafi 1QBE OPI-C 3cosyet i ve film
of a type having an end of a conductive path protruding fromthe principal
plane of a film SHB:TTECe®? sthteofB%l%PBHug‘fﬁitmaﬁtsani sot ropi ¢ conducti ve

film 15 First, a method comprising protruding an end of a

conductive path by'selectively removing the film substrate
"from the principal plane side can be menticned. To be
specific, wet etching with organic solvent, dry etching by
plasma etching, argen ion laser, KrF excimer laser and the

20 like are used alone or in combination. Of these, plasma
etching is preferable in view of superiocr control cof etching
amount, and of the methods of plasma etching, reactive ion
etching is particularly preferable. It is also possible to
make protrusion by plating and deposition by precipitating of

25 metal on the end (edge face) of the conductive path from which
to protrude. When a metal is precipitated, the metal may be
the same as or different from the metal constituting the
aforementioned conductive path. Preferable examples thereof
include Ni layer/Au layer by electroless plating. By forming

3¢ Ni/2Au layer by electroless plating, the contact resistance
with the terminal of the connection target (electronic
compcnent, c¢ircuit board etc.) can be advantageously
suppressed to a low level.

In the anisotropic conductive f£ilm cf the first
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obt ai ned t hrough the above-nentioned Steps 1 - 3 can be subjected to the
followng treatnments. 15 First, a nmethod conprising protruding an end of a
conductive path by selectively renoving the filmsubstrate fromthe
principal plane side can be nentioned. To be specific, wet etching with

organi c solvent, dry etching by plasm etching, argon ion F
excinmer |l aser and the 20 |li ke are used alone or in conbi natéigﬁagh&dﬂtahese,

plasma etching is preferable in view of superior control of etching
amount, and of t heSTROCABERE oFopluEHie cratisngre raasentyati splatdveht mgahs
particularly prefefalliey, lind sndlSAmPRSSIAEL¥iq 1  JRKSL PIOLLUSI BRADY plating
and deposition by precipitating of 25 netal on the end (edge face) of the
conductive path frioMRkhPRA TE8THI0t PLARETONR PORPHRANAS FYCh@éci pit ated, the

metal may be the s@alBomfuc@brdéfdehendind kag 1ike, Mtk 1 £oRStdithid ng the
af orenenti oned condyctjve path. Preferabl e exanples thereof, include N

| ayer/ Au | ayer by E&CtTHISELs2 T SLFRY BT rdMFRY TR/ AP B rteppinal
el ectrol ess pl ati ngrfade icortadiackesidt aRE compbhdntt Berfatd)i Aad wfrrbhg
connection target | ect.r.onic. _ conponent .. circupi. board etc,) can be
advant ageousl y sﬁ’%%?cgséhéé PO E TOW T VAT Sy lelmanflggttre(fﬁi"%a]@onducti ve
filmof the first (e26c@oNesLr2@07elweryodisrentporcondasd iccedpative paets
present at relatiyely £i,gh;. dRA$ht Yan 809-E08 561 M NBS S LXIDLLALY )
Therefore, when functional tests of electronic conponents Such  as _
seni conduct or €efenent JdrdPe Pecikes. wher ethe pelsrtmabic Sofidhetiveofil) ofr e

di sposed at a nar kAW firkeNemdidmb e slsetfidakunsuthace dtssgt ack fromthe
conponent surface, are perfornmed using this anisotropic conductive film

all terminals (ePeRTT6aES)CTPoRN e WBEFP Bhithe cCHifianehtoeanter Swantrddde parts

of a circuit boardetatrbgeeriaiti b rConsguGkesy elegebs itealb¥n sHadtnibe
specific, when the anisotropic conductive filmof the first enbodi ment is
used, functi onal F%ﬁﬂﬁgabf)éﬁ§ set at a narrow pitch of not more than 200 pm,

15 further not more than 100 pym, and moreover, an electronic

component wherein the terminals are disposed at a narrow pitch
and the surface of the terminal is set at a position of not
less than 10 pm (further not less than 20 pm} deep from the
surface of the component, can be performed at a load of not
more than 10 MPa, further not more than 5 MPa.

The foregoing particularly concerns the usefulness of the
anisotropic conductive film éf the first embodiment as a test
connector. The anisotropic conductive film of the first
embodiment may be used as a mounting connector. In this case,
since this anisotropic conductive film has a structure wherein
resin areas are uniformly dispersed, it can be adhered to an
electronic component and a circuit board, and an electronic
component having terminals disposed at a narrow pitch can be
adhered onto a circuit board with relatively high adhesion
strength while ensuring fine electric connection.

When the anisotropic conductive film of the first
embodiment is used as a test connector, it can be applied not
only to the functional tests of electronic components such as

a semiconductor element and the like, but also to the
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el ectroni c conponent wherein the distance between termnals (el ectrodes)
(width of insulating region between adjacent termnals) is set at a narrow
pitch of not nore than 200 fun, is further not nore than 100 pm and
noreover, an electronic conponent wherein the termnals are disposed at a
narrow pitch and the surface of the termnal is set at a pogj,td ef not

|l ess than 10 pm (further not | ess than 20 pm deep fromthe surface of the
conponent, can be perfornmed at a | oad of not 20 nore than 10 MPa, further
not more than 5 MPAPCHMRLoFYSi A§ PEPLERRrRY Tohcd? s L AR LB §FAess of
the anisotropi c @aREUCELYeefddtibDininRecéhdest apirodi DEKE. aBo et epécific,
connector. The ani sotropic conductive filmof the first enbog]i&r;i;n may be
used as a mounti ng & orTEcPRFIAH AP 1T PEad@® BER % ¢8Y tHiSS SHAT o%‘?rc

conductive film hasticlet Kuedtisabydanehavingesemaradasasd e ivon f1Or(wliying)

di spersed, it can bgtearglger&dic Ois?'n'n eleggtgfoni Soreldll Qgr?rltes%nq: aiﬁgcregyi!nt
board, and an ef eBEronic’ componen aving termnals di spoSed’a a narrow
pitch can be adheredndatorepici cenducthoaridlm ¢h thel presealtyimvegltiadhesi on 30

strength while e”?é‘%»%]e%ﬂ Hé‘%r%kﬁgéo a(lc%sEOé?li%g%{:sggndV!‘e&rED?t U3t FQPI C.

conductive filmo e first e i ment as a test connector, it

can be applied notestgmby to the functional tests of electronic conponents

such as a sem copgluchar eflaiRBL>and the |ike, but also to the 27 8 March
2007 functional tests of circuit boards such as a liquid crystal panel,
EL (el ectrol unthescenc&} ardfferent Reefergbbe ahedingnt (seernd exbobgerst i on
can be done W th end Qw: Ps@SPUEcdradtf @ falm 10t bel @he( besiertubhesit)ichavi ng
termnals and circuit . vviring%l?s patterns i Qlduction‘

_ _ _ which | s in need fac_(i
test, by insertinF ™ ¥hEesniPSottDEPE CHIFIRET v PPIFAGEE he S&é‘é"érﬁl
invention betweesudsheass Ui mhee (frest ars UbjseTd9ingnaateerdial catid theard for
Eg:gloﬂg e;ﬁ?gg?ggn‘fe3m%8g£%n%gt&so 1I Be_r?‘etdrlaft];.gcr[ etr};[e PEJ.en]: eslx’_lgglzleat%ngo_grla r{%gt

15 thickness direction while being insulated from each other. In
the second embodiment, the above—mentionéd film substrate 2
éomprises resin and rubber described in detail in the
following. Fig. 7 schematiéally shows a test of an electronic
component using this anisotropic conductive film.

20 _ The film substrate 2 comprises an acrylic rubber and a
naphthalene skeleton epoxy resin cresslinked with a phenol
resin. Each resin is described in detail below. As a result
of the action of a phencl resin as a crosslinking agent on a
naphthalene skeleton epoxy resin, the film substrate 2 shows

25 heat resistance and the presence of an acrylic rubber allows
simultaneous expression of flexibility. A method to obtain
such film substrate 2 may be similar to a known film
production method. For example, a method comprising adding a
naphthalene skeleton epoxy resin; a phenol resin and an

30 acrylic rubber to a suitable solvent and forming the mixture
inte a film and the like are mentioned.

The total weight of a naphthalene skeleton epoxy resin
crosslinked with a phenol resin and an acrylic rubber relative

to the total weight of the film substrate 2 is preferably not
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the ani sotropic conductive film 100 of the present invention conprises, as
t he one described in W98107216, a plate film substrate 2 nade from an
insulating material and the conductive paths 1 penetrating the film
substrate 2 in the 15 thickness direction while being insulated from each
other. In the second enbodi nent, the above-nentioned fi'”’?k%ﬁ%ﬂ%ﬁd? 2
conprises resin and rubberdescribed in detail in the followng. g. 7
schematically shows a test of an electronic conponent using this

ani sotropi c conductive film 20 The film substrate 2 conprises an acrylic
rubber and a naphthal ene skel eton epoxy resin crosslinked wth a phenol

resin. Each resided endgseyd DRGrd hrdeballpobotisods Aol el Olaihenaction
of a phenol resin as a crosslinking agent on a naphthal ene s el et on epoxy.

resin, the fil fEUESt P& izednoie25h#diher ekovermnreionnd tdrdnperdence of an

acrylic rubber alHbewsin SiHelkk B eRns «exq @5SEON QbmblEXkbhd it et hod to
obtain such fizlfmi%ubstr te 2 may be simlar to a known fil'm production
nmet hod. For exanpl e; a ROFPESPPFIIhgeatting e ddpRt s sastisefet on
epoxy resin, @ yhehohre gsien @ancn@nNpaocizalyt iGnivbbem 9 BngUbs allee sol vent

and formng the,m i.nt o ilmand.the |like are nentioned. The total
wei ght of a napﬁ?{%g%g%:isstﬁﬁe?%ﬁk% 5y Pest i S REF UL SRR {PE R phenol

resin and an acryli cFramblbke Fsplegti v theohsdte rest sdanwei ghtchef obthendd | m
substrate 2 is mngf apalLY N0t 2 007__l.ess_than 50% re
he' mar §m<§1rl¥95}§2%& ﬁé‘f/ncbl 2E3H 4 é‘a BRI han the

preferably 70 - 90% ‘As the materials f e Coht ai’n
above- ment i onedPeR3Ftsaly weighbert ithet herltbpfesubselatan Bpoforreexanpl e, a

pol yur ethane k@sidl ePOlyEIdRBRSI] PXBASubEELILART:L NG LLKG, 31§ BNt i oned,
5 which are free of any particular limtation as |ong as the
characteristi cSOBfPAINE DY d&dAb L} (RPERL PEATAPBINGY rnffhibests byFwehgltthe aspect

of the heat resbsicaneeeofidcheo.ebial neeh fﬂhtank&@a%ttr?éﬁrt bhesameunt, of the

. : 5
phenol resin tgnc?eth%dgﬁge,t %helgn(x)o n%r;[)fs ttl)%e/: g\géygﬁtc Subgegetgaﬁghgggcledert]:o

skel eton epoxy resin
100 parts by weight of the naphthalene skeleton epoxy resin
15 during the production of film substrate 2 is preferably 50 -
500 parts by ﬁeight, more preferably 70 - 250 parts by weight.
The “naphthalene skeleton epoxy resin” means é compoun&
having a naphthalene skeleton and not less than two oxirane
rings {epoxy groups) in a molecular structure. The naphthalene
skeleton epoxy resin is generally used concurrently with a
hardening agent (compound having active hydrogen, such as
phenol, amine etc.) to form a three—-dimensional netwérk
polymer for use. While the proporticn of the naphthalene
skeleten in the naphthalene skeleton epoxy resin is not
particularly limited, it is preferably 30 wt%, more preferabl&
40 ~ 70 wt%, in view of the heat resistance of the obtained ,
film substrate.

The naphthalene skeleton epoxy resin is a well-known
resin and its production method is also well known and free of
any particular limitation.

The “phenol resin* is obtained by condensation of phencl
or a derivative thereof with aldehyde. As phenocl or its
derivative, phenol, cresol and the like can be mentioned. As

aldehyde, formaldehyde, acetaldehyde, propionaldehyde, butyl
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io during the production of filmsubstrate 2 is preferably 30 100 parts by
wei ght, nore preferably 50 - 70 parts by weight. To achieve fine contact
with the contact point of an electrode and the |ike, the anpunt of the
acrylic rubber to be added to 100 parts by weight of the naphthalene

skel eton epoxy resin is during the production of f|In1subSQg
preferably 50 - 500 parts by weight, nore preferably 70 - arts by

wei ght. the -naphthal ene skel eton epoxy resin" neans a conpound havi ng a
napht hal ene skel eton and not | ess than two oxirane rings (epoxy groups) in
a nol ecul ar structure. The naphthal ene 20 skeleton epoxy resin is

general |y used concurrent Ihg with a hardenjng agent (conmpound havi ng active

hydrogen, sucH§&8"Y45nhabIthe dri e ke "°Pbi 95/ m a t hr ee- di mensi onal net wor k
pol ynmer for use. WiiHeephdrelprezporis anweifi- kmnnaegmhhaidenes ekehation |n t he

napht hal ene sls@tﬁgmseppgsvwgas'kaom ggtﬁ%g pﬁrgﬁ,cgg'r%wl ;Qrél%guﬁn

preferably 30 wt% nmore preferably i'n view of the
resi stance of the oBb¥al FeEhtheleng §h%]settPat%P°XTh’éE%1&pﬁ¥Crﬁalléﬁ’Ee%k’éF'etaon epoxy

resinis a \I\B|}'JhedelD\M@s:uﬁ'eS|sna adéguh tlﬁvpﬂic_p(iuﬁittd—oﬂr netrbediingnd] &R 1Wed dwckpown

and free of 3q _an arti limtation.  The h resin" is obtained
by condensatlo%ro ylﬁénolc i foa&%%gaffnngﬁgfégﬁgﬁP?%rﬁFHéHVd%“‘%%rﬁﬁéno
or its deri vatmvﬂepphemﬂoup)cmésowe afdrdnizetidnee wmphtielemenikednech epoxy

al dehyde, forngldehyde, acetal dehyde, propional dehyde, butyl 29 8 March
2007 al dehyde and the |ike can be nentioned. The phenol resin is a

wel | -known resin and8®i % poddtbPon 1oet Feathedisg) shPasi 12i8dswn and free of
any particul arcolnpmshaglamnacry'lihe adiapislmyal enerskelsetioN a@pPEX ¥sEesi N

crosslinked M%EQPQ %@?QP'eEﬁ %éé g, qslnuﬂaghgqhg:hge

or
t hr ee- di nensi onal ' net wor'k ur'e, i's dhdng of a
phenol resin tEREPNERi r ane rlng (epoxy group) of the aforenentioned

napht hal ene skel et OfheeROXNic ®Bb&k is well known and its production
method is alsoc well known and free of any particular
limitation.

The film substrate 2 for making the anisotropic conductive
film is a plate comprising the aforementioned resin and rubber, whose
thickness is not particularly limited. It is preferably about
30 pm - 1000 pm, more preferably about 50 pm — 500 pm.

As mentioned above, in the anisotropic conductive film of the
second embediment, plural conductive paths 1 made from an
electrically conductive material are disposed in the film substrate
2 while being insulated from each other and penetrating the film
substrate 2 in the thickness direction. Both ends of each
conductive path 1 are exposed on the front and back surfaces of, the
above-menticned film substrate 2.

As an embodiment wherein the conductive path 1 penetrates the
film substrate 2 in the thickness direction, an embodiment wherein
the conductive path" penetrates in the same direction with the
thickness direction of the film substrate 2 as shown in Fig. 7, an
embodinent wherein the conductive path penetrates with inclination
from the aforementioned thickness direction (not shown) and the

like, or an embodiment wherein
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The "acrylic rubber"” is a synthetic rubber mainly conprising an acrylic
acid al kyl ester. As the alkyl ester, nethyl ester, ethyl ester, butyl
ester and the |ike can be nentioned. The acrylic rubber is well known and
its production nethod is also well known and free of any particul ar

limtation. The filmsubstrate 2 for -making the ani sotropi Lve film
is a plate conprising the aforenentioned resin and rubber, %vﬁg%g%%??ﬂ ckness

is not particularly limted. It is preferably about 30 pm- 1000 pm nore
preferably about 50 pm- 500 pm As nentioned above, in the anisotropic
conductive filmof the second enbodinment, plural conductive paths 1 nade
froman el ect rdheatdnguecenediGlaici el rfhetrale AR (b SPRSLEF 4 Rukbe faichr

substrate 2 while being insulated fromeach ot her and penetrating the film
substrate 2 in tA8 ‘Iﬂeé‘gﬁ%s@ aﬁ?e%tlf“oﬁ‘?bsé'ﬁtaﬁee dLogf S %igﬂ OEnbRiLES ve path
1 are exposed enbbdignehtontirarndedack tharfiacesonfadtheitialkoveiemirodensad fil m-

substrate 2. As_.an enbodi nent wherei ({1e onducti ve th 1 penetrates the
fil msubstrat eOE h e'ggggf%lgkﬁ%m S f]!rge%: iaé’(r@il,aacnlrecu B(flpaqn%ﬁfnv#ear 8% n the
conducti ve pat kirparebeatdsoi nwitind gapetaditr edtiegnswi the thedudtive kmmgdhs

direction of the; i MsHstr 88 26850 5Nk N Ficfle fi1ARupithedi srent
wherein the conductive path penetrates w th i nclination ?rom the
af or enment i onedThhi EeRéIR2Hishere | Oh sCABt cCYMPRA} vamithhe may lbe, any sape,

enbodi ment wheggim 2301 &iVaieh 2007ygdhangonduigtikve pathy Lpepehnates while
maki ng a curve rather than [lnearry in the filmsubstrate 2 (not shown) -
Of these enbolftHerts, cIHGEEF #R P he' PengsRBritadtsRAseR #h WrEcitvde 20a

of an el ect ®NL CeCANPORRI 120 RNdsal GliNGUbd PRPAtbLFALt3QatWfandebefdrbali t
board 30, whi c$ are 1est sub:% cts, the conductive path 1 is preferably
inclined or cufied’i 'S FEFi THISGhsTISAtEo2c FREPYELT Shal B 8f each

conducti ve patglukairegortiacahye ghape,l isdchatasl dren reakp, ochdigl yigon and t he
like. It is prﬁgé%@ggg‘%r absence of electric conduction of an electrode 20a
cf an electronic component 20 and a circuit pattern 30a of a
15 circuit board 30 can be independently tested. Fig. 8{(a) and
Fig. ;0 show an arrangement pattern of the conductive paths 1
appearing on one surface of the film substrate 2. Fig. B(b) is
a schematic view of a section along X - X of Fig. 8(a). The
arrangement of the conductive paths 1 may be a square matrix
20 as shown in Fig. 10, a close pack as shown in Fig. B(a) or
- other randomly packed state. To deal with a minute electrode,
a close pack is preferable.
As the materials of the conductive path 1, known
electrically conductive materials can be mentioned. From the
25 aspect of electric property, metal materials such as copper,i
gold, aluminum, nickel and the like are preferable, and from 2
the aspect of electric conductivity, copper and gold are more
preferable. From the aspects of electric conductivity, modulus
.of elasticity and the like, the conductive path 1 may be
30 formed by plating a meta; material in a through hole in the
film substrate 2, more preferably, an embodiment wherein a
metal wire penetrates a film substrate to make a conductive
path. Of the metal wires, for example, conductive metal wires

such as copper wire defined in JIS 3 3103 and the like, which
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that the conductive paths 1 be densely disposed so that about 01 to 3
conductive paths 1 will be in contact with an el ectrode 20a of the test
subj ect el ectronic conponent 20. By naking plural conductive paths 1

i nsul ated fromeach other, the presence or absence of electric conduction
of an electrode 20a of an electronic conponent 20 and a cil__g'lgduairt Ltern
30a of ais circuit board 30 can be independently tested- Fig. ‘%1(%6 and
Fig. 10 show an arrangenent pattern of the conductive paths 1 appearing on
one surface of the filmsubstrate 2. Fig. 8(b) is a schematic view of a
section along X - X of Fig. 8(a). The arrangenent of the conductive paths
1 may be a squasee mbihxedRoasrahionn é¢lecErfcithOara wladseapack sagceshown in

Fig. 8(a) or other random acked state. Ta it h ] el ectrode,
a close pack is“PFefsrib ee.cxﬁfgucitﬁ‘e'en%?%r rars o %?}E%Wc%nag%({glr\ggggat h 1,

known el ectri catdperconduchanicataberpaity euh dystrefheorews FEdmthe 25
aspect of electr '%nigkﬁﬁg{% %Ec%o%abe%n%&hgliazr %BC@n?StnfiQi?ﬁ)@sfs, a98d&hion

al um num ni ckef® e are prefera , and from the aspect of
el ectric conducef viifly, swopspete &id gbid aafen s ohridreeFaiuEtivy giathhe

aspect s of el ectr] Consuptiyidily aBRAMiEa Aloothisd irei the and bhauld ke, t he
conductive path 1 may be 30 formed by plating a netal material in_a through

hole in the fi%misstiberiarenductiyee PierEr s PrestenBbetiment Whefeh a

metal wire peneffal gScind phbrsehstiAiR hordmjeent qoRdueh in@inpal itk the
metal wires, for exanple, conductive netal wires_ such as copper wre
defined in JI'S S IPOFHT thie 0 KB TRF Eemetes o8 w8, EAPBGYY S &2& ot oduced

to transmt g} ed hrEkddarakes pr gbeiabk@re SpREerab ey oproad ga, conducti ve path
nost superior in electrical roperty, mpchanical property, and cgst. The
shape of the s‘éa&tll'a‘hla(rtlﬁep’é%%liagﬁ" pPér pehdiful arefo Thé F%I ckiéss direction
s of fi1m substdatdec)ve phrie land mmisércofar hehe gredtizepale apag Fhereetin be
appropr I atel y diest %Eg}e@%%lgcgbooruqi P tS%mE hgrelés 9191{ a; Q?rcle' having the
above-mentioned diameter. )
15 Both ends of the conductive path 1 only need to be
exposed én the front and back surfaces of the film substrate 2,
and in consideration of fine contact with an eléctrode 20a of
an electronic component 20 and a circuit pattern 30a of a
circuit board 30, the both ends of the conductive path 1
20 preferably protrude from the front and back surfgces of the
film substrate (see Fig. 9)}. In this case, the Qegree of
protrusion from the front and back surfaces of the £film
substrate 2 is preferably about 5 - 40 um, more preferably
about 5 — 30 ym. The protrusion from the conductive path 1 may
25 be metal protrusion formed by plating both ends of the
conductive path 1 penetrating the film substrate 2, or the
conductive metal wire itself penetrating the film substrate Z
may be extended. Particularly, to prevent oxidation of the
conductive path 1 penetrating the film substrate 2, oxidation
30 is preferably prevented by plating during forming a protrusion.
When the conductive path 1 protrudes from the film substrate Z,
the surface of the protrusion may be covered with a metal
material having high electric conductivity or a material such

as gold, nickel and the like superior in corrosion resistance.
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ani sotropi c conductive filmof the present invention. To deal wth a fine
pitch el ectrode arrangenent pattern having a pitch of not nore than 50 pm
the diameter of the conductive path 1 io is preferably 5 - 60 pm nore
preferably 10 - 60 pun, particularly preferably 10 - 40 pun. Wen the
section of the conductive path 1 is not circular, the seciéﬁﬁkyh%?bga
thereof 1is preferably about the sane area with a circle having the
above-nentioned dianeter. 15 Both ends of the conductive path 1 only need
to be exposed on the front and back surfaces of the film substrate 2, and

in consideration of..fi .contact.with an el ectrode 20a of an electronic
conponent 20 and a F(;litjf (r:l:ﬁilt% %é)tat%%# S6%BF 1A VIEr rPuithe BORPEE Pt he bot h
ends of the céRBdettive Pdmhol the preohdradbbyiggmot r Ude showmihhenifsr engurand

back surfaces w0fafdies dddeMesdtPat e rdteRafd9a1 Ray b . t he, degree
of protrusion fromthe fer ont and% baék su?facgs c‘)afy tﬁe OP%Q??n%%gﬁ St ?g e 2is

preferably abdit*s ™ A0 3Pt TOF et Prefrsibrle 2apslithe congpchidie Fagh 1.
protrusion frdheteecohdugyt by esupat inpbsa@myin2babe 168, prOtthusiarfor med by

plating both gads,of.ihg.4C fiv h_1 penetrating the filmsubstrate
2, or the condgcti ve rreteglﬁ\%\ng?%lﬁgt g%l tepaénndetr? Jirﬁg rt’rﬁjg’e tPller% gUtsfrate 2

may be extendéd>VPAieR FFPRPIYY, ¢ PopFby catdutiivbty end dfhet hike.conduct i ve path

1 penetratingrbberifiil f8 $ubsidatisr Aayoxidatiding36hd SoRbpferahly,prevented by
pl ating duri n%O{ orm.n a,prot Wien the conductive path 1 protrudes

usi.on.
fromthe fil msubs lfi%?rées ptoﬁiﬁa“élﬁlff’éecsénofpotlﬁ%s’:ﬁlro’f‘ﬁ}gr diP e héneover ed

with a netal fﬁﬁ#’éﬁh@lthhawmgcem gh renettredc conductivity or a material such
as gold, nickel andnthgdiike SUDRISOL N0 FARLOSI AN, [E8SLaNGe, 32 B, Mar ch

! film .
2007 Fig. 9is a gartlal schematic vieéew of e ani'sotropic conducti™e film
of the second®@rb&bPifent. tAS LREGHSTE 3P FiglpEC in Hrayeratl@ynade from a
di fferent nateértaloomaga beocfonpreds et wern -t he Mekesidy BBE@hhadneOfodulgs foiel M

| e o B dB GORAUSL R PALE Fuea,TtRe ! B ST 2o oGRS S PO 1
does not adhere too easily to an electronic component 20 {test
subject)and the electronic component 20 can be easily recovered
after the test. When the modulus of elasticity is not more than
100 MPa, since swelling of substrate, warp of chip and the like can
be easily absorbed by application of a suitable contact lead to be
mentioned later, defective electric conduction reéulting from
damage and the like of the conductive path 1 can be reduced.

The modulus of elasticity of the anisotropic conductive film
as a whole means the modulus of elasticity of an anisotropic
conductive film as a finished product including the film substrate 2
and the conduétive path 1, and can be measured by the following

tensile test.

‘measurement apparatus TA Instruments Japan, viscoelasticity 30
neasure apparatus RSA - 1T,

*test piece 100 pm X 5mm x 22.5 mm,

*measurement conditions The properties at frequency 10 Hz,
temperature 20°C, 150°C in one of the plane expanding directions

of a test piece are measured under an extension
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may be sel ected according to use and required properties such as

i nsul ation property, electric conductivity and the like. As a material to
be used for layer 3 winding the conductive path 1, polyimde resin,

pol yam de resin, polyester resin, polyurethane resin and the |ike can be

menti oned. The nodul us of elasticity of the anisotropic corg%gg}cb}ggof]i Il m as
a whole of this enbodinent at 20C - 150C is preferably 1 - a, nore
preferably 10 - 20 MPa. By setting the nodulus of elasticity to not |ess
than 1 MPa, the anisotropic conductive film does not adhere too easily to
an el ectronic gogponent 20(test subject) and the el ectronic conmponent 20
can be easily recovered after the test. Wien the nodulus of elasticity is
not nore than 100 KPh'e i AR@odwel [Sopgrafl iy bder midelunarip e distdhipy amdat he

like can be easisbyrabsocdadcbyeappin ¢aticnpofcidu st aplg contagt, lgad to
be nentioned gt %pro%%%%!evﬁod%llem ric conduction résulting from danmage
and the like of the conducttve Path f EHIFHE Pedd iy THe tho dor keviss -

elasticity of tHAe zusotthepieuobnduetiaeylid mubasr aowhoheddrans t he nodul us

of elasticity ofrcaneaRi:SQLFQAI GavigaNduGLiyve fil m. fini shed product
i ncluding the fil g}gubstrate 2 a‘;alng t he co%&é%%%g\?g?pogftﬁ pr%gkﬁ%egan be
measured by t e f-or 1 oul i "ePheleRe pERIeton RpasYiresent appar at us TA

I nstrunents Jap@nps«iascaplxgstdtnt ynBA pHRasWLiaPPaLial YsuRSA - 11, -test
pi ece 100 pm xfu@gglgglapgﬁou - measur ement conditions The properties at

frequency 10 Hz, tenperat rseirb(?&? "BE 15 one of the pl ane expandi ng

directions of a te$§t 55Peee thrawukdstodgde lasdérian oéxdrensi onr3gid March 2007

node. Wile a dsmthadvefrigants aklidg Lhe so0qukys a%ch?Jmﬁgﬁo%ie Vel 2N
ani sotropi c coeﬁlgyctldve filmis not particularly limted, a rre(fahoa for

i nproving the dui*ts of el asti ci ty is showm in the followng To reduce
t he amount of an acthd itbiclmeberoft ohdenadoadpic Tondser idenatgr baltrhavi ng a

smal | proportigasaf: @nJE%Qb&J“igeﬁgéferably 30 - 1000 pm, more preferably
58 ~ 500 pm. When the thickness is not less than 30 um, a fine
contact with an electrode (particularly one with big step) of a test
subject can be preferably achieved. When the thickness is not more
thgn 500 1m, transmission loss due to the influence of the length
of the electric conduction path can be preferably reduced. The
thickness of an anisotrepic conductive film means the maximum
length of the distances between two points of the anisotropic
conductive film in the direction perpendicular to the plane
expanding direction of the film substrate 2. Therefore, when the
conductive path 1 does not protrude from the film substrate 2, the
thickness of an anisotropic conductive film is the same as the
thickness of the film substrate 2 and when the conductive path 1.
protrudes from the film substrate 2, the thickness of the
anisotropic conductive film is generally the distance between both
ends of the conductive paths 1 {length T in Fig. 9).

The anisotropic conductive film of the second embodiment can

reduce staining of a metal electrode due to adhesion of low

molecular weight components, which occurs when used for
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‘skel eton in a naphthal ene skel eton epoxy resin. -, To use an epoxy resin and
a phenol resin having plural functional groups in one nolecule. To reduce
t he nodul us of elasticity of an anisotropic conductive film a method
reverse to the above-nentioned can be enployed. The thickness of the

ani sotropi c conductive filmof the present invention is pre ?P# 730 -
1000 pn, nore preferably 50 - 500 pm Wen the thickness is no ess than
30 pm a fine contact with an electrode (particularly one with big step)
of a test subject can be preferably achi eved. When the thickness is not
nmore than 500 }un, transm ssjon | oss due to the influence of the | engt h

of the electric %r’?&ﬁEt‘ifoﬁnp%rﬁftc?ﬁﬁl‘bé:oﬁ‘PB?%‘?taﬁf‘Q sddeEd. 25TRE°C thi ckness

of an ani sotropisn°conductive filmneans the maxi num |ength of the

di stances between t LpOIrQ&lf(hl% L hean%. o%ggrzgplc%n%u&qggc%iﬂneflgé) orQ Itﬂlet he

di rection perpendicu Er M0 ane ~expa irection o he f
substrate 2. Trmc@ﬁér@lbosdh@mttrhe m@mm!uéprv@tpanimm adetsuqigreprigtregde from

the film substrale.gnqldigve LU RKDESS Qa8 AR se{mghgs&%@ugti Veofilmis
the sane as the thickness of the Tilm substrate 2 and when the conducti ve

path 1, protrudesifsmly hbittiterh s@bserateagpie ind shelclrésedof ashe

ani sot ropi ¢ cor&l&@m@ fihl wadsyogener al }né!tﬁctlecgﬂnﬁfl%ﬁﬁ@ pstiwgen ekl ends of
the conductive paths 1 (length T in Fig. 9). The anisotropic conductive

filmof the seéﬁhd“%ﬂﬁ&&?ﬁ%ﬂFméﬁﬁ“3F%Hﬁﬁe”%FaPﬁFﬁﬁYoPa%“ﬁbﬁéfméFﬁctrode due

to adhesi on of dr@%nmhggtﬁﬁroth@hnaaearm@mnt5nd Wik €nhPGaUs saaahieas used for
i c .conponent and . the |ike at 20C -

34 8 March 2007 st of .a qptro
150G For praidt g RSBt CCORALHIE 1T FAPLBONGE FRE  second
enbodi ment, a nebhbdtedoelabirabai ) aacstriuct bl gnavaan eba meﬁtidsreedcormbuatn ve
Do b Penet oot A ML oSl g Stk i T o s one
f|x|ng a nunberr (1) - (5) and {7) can be mentiocned.

(1) a step of winding, around a core, a film comprising any of

15 the aforementioned naphthalene skeleton epoxy resin, phenol
resiﬁ.and acrylic rubber as a main component,

{2) a step of winding thereon a conductive ﬁetal wire having a
diameter of 10 ~ 60 pm at a given pitch,
{3) a step of further winding repeatedly thereon a film, a

20 conductive metal wire, a film, a conductive metal wire, ---,
(4) a step of heating and/or pressing the coil obtained in
step {3} and integrally weld-adhering and/or.press—adhering
the wound films to form a coil block,

{5) a step of cutting the coil block obtained in step (4) in a

25 given thickness with the plane forming an angle with the
insulated conductive wire as a section to give a film,

(6) a step of etching the insulating resin of the film-like
product obtained in (5) to protrude a conductive metal wire
from the film substrate,

30 {7) a step of further precipitating a metal on an end surface
of the conductive metal wire exposed on the film substrate of
the film-like product cbtained in (5) or (6) for protrusion
from the film substrate surface.

Now a test method using the anisotropic conductive film
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of insul ated conductive wires in a densely packed state to prevent
separation fromeach other, and cutting in a desired io filmthickness with
a plane formng an angle with each insulated electrode as a cutting pl ane
can be nmentioned. To be specific, a nethod conprising the follow ng steps
of (1) - (7), or (1) - (5 and (7) can be nentioned. (1) Iﬁ%%82357

w nding, around a core, a filmconprising any of 1is the aforementi oned
napht hal ene skel et on epoxy resin, phenol resin and acrylic rubber as a
mai n conponent, (2) a step of winding thereon a conductive nmetal wre
having a dianeter of 10 - 60 pmat a given pitch, (3).a step of further

wi ndi ng repeat edfytidereond anbbimena i20:gaadied i Vendaialk wiyieccaifidm a

conductive netal ,wire, . 4) a step.of heating and/ or pressing the coil
obt ai ned in st86%%3"’“&%&‘%“rﬁ’%°8‘§?%lﬁaylﬁ%lagt- gaﬁaﬁ%ﬁ &hef dBre§‘g¥%drPéfri ng
t he wound fil nsthe Tadeptecrdai kodbaeks” (&) maast e cofponkrdt RRat Repeosdedbl oCck

obt ai neq in st e@w(é]\:)ioinnbﬁ el%trf gié/%%n&lt}é&lgqeggd V¥.ntc épbse s%lmggoen u?:q:gi .ng an
angle with the 1nsulated conauctlve WTre as a section to give afilm (6)
a step of etchi ptenerE. i histidt Fruptedspanadf, hheh fiideqréndee coppoduct anbt ai ned

n (5) o protr e axeondyptik ;ORI hb! ool OIS LI SUbSr ate, 30 (7)
a step of further precipitating a netal on an end surface™ o e
conductive met at™{fitréoR i o8eec diP t ReeTI PR IFSEr sl ewhdueter debied | ke

product obt ai nethdoipbbdcioly 46)etfe@briiQt Chdbantl EQM4 Rgadl lip.substrate
surface. Now a tezt. met hod _usi ng t he ani sotropi c conductive film 35 8
March 2007 of Y6 SRtEHd et idht™ST 88X SLABH O e CPRRANEtHj ect i s an
el ectroni ¢ conponent Thiavitagt atetheasts enershect teday, Hes 6shday it e g, 7,

“el ectronic conponent' is meant a conponent thgt expresses function by

el ectric conduction and i netudes Renmi-CoRYutSr "M@ ent | ™ri 6 t%r yst al
panel , -hi gh fr egbedtyendohporsent amnd ecthenid kermpdppilti eatamnaoéidtdr@tt est
net hod of the EE§§§r50 and, while applying a given load, electrically
conducting an electronic component 20. According to this
15 method, even if warp, swelling or step is present in an
electronic component 20 and a circuit board 30, the 7
anisotropic conductive film 100 deforms to absorb them,
whereby an electrode 20a of an electronic'component and a
corresponding circuit pattern 30a on the circuit board 30 are
20 suitably brought_into contact preferably with a minimum load.
As used herein, the “circuit board* may be a circuit
board as a produdt to mount an electronic component 20 or a
circuit board produced as a test tool using it as a model.
By inserticn of an anisotropic conductive film 100
25 between an electronic component 20 and a circuit board 30, aﬁ
electrode 20a of the above¥mentioned electronic component 20
and the conductive path 1 of the anisotropic conductive film
are brought into contact with each other. It is preferable
that the conductive paths 1 be densely disposed so that about
30 1 to 3 conductive paths 1 will be in contact with an electrode
20a of a test subject electronic component 20.
A load is applied in the direction to press an
anisotropic conductive film 100 and an electronic component 20,

while inserting, as mentioned above, the anisotropic
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invention to el ectronic. equi prent "and sem conduct or device incorporating
an el ectronic conponent falls under the application of the test nethod to
el ectroni c conponents. 10 This test nethod is characterized by, as shown in
Fig. 7, inserting an anisotropic conductive film 100 of the second

enbodi ment between an el ectronic conponent 20 and a circuitg \hoaMm@e30 and,
whil e applying a given load, electrically conducting an electronic
conponent 20. According to this is nmethod, even if warp, swelling or step
is present in an electronic conponent 20 and a circuit board. 30, the

ani sotropi c conductive film 100 defornms to absorb them whereby an

el ectrode 20a ofordncdiieet¥igm d0@ dipsuaehttignelertrenis exponrsnig 28i rrdiiat

pattern 30a on Lhg-Gid c4hiq Board 308N 20csuitablwnbiouaht ;b o @ ,coptact
preferably with a mninmmload. As used herein the "circuit board" may be

a circuit boar 8¥PI& prdFECH B r?ﬁﬁntl'aﬁlﬁ%%tt?“ﬁnﬂfcé‘dﬁp‘éﬁi’éﬁt3‘?0’%1'3 a
circuit board pposdiqedoBs) antiegfes@fly UShnNEhd te18stonTRdBbmpdA¥nt NEerti on of

an ani sotroplc conductive film 100 ween_an el ectro |g cqQnponent , 20
and a circuit®bdHfd 3G ﬁnt‘aeqtei??%&zeﬁobs Sreffretdgon ﬁﬁ@ }é?‘E‘tronl c

conponent 20 ap¢l the eonnduedée W&t Bﬂté‘ﬁ.e]:t@-ﬁnid‘le:oﬂmr&mh:r o.aid: wﬁeﬂdzuctl ve film

are brought |nto cont act oth r ref rable that the
conductive path$ g ie 6I§abd3eanr\gew dﬁaspose & Su‘i’%eé:f: ipd ﬁ % 01 *fo 3 conducti ve

paths 1 will bepdnticohmet pmtdraamyezmcumﬁe 04 gfmré t Gbtis subjtect
el ectronic COW%JL%”La?&y é&é’%ﬁ&%"h&f&ﬂ Qnté‘fec%éﬁgtéo%” ‘%o LPress an

ani sotropi ¢ conductive fil'm 100 and an ectroni ¢ conponent whi | e
inserting, a¥ redfcitopeid sborenenthal apindoty Gpi shagagarkdatre200m thenduct i ve

film100 betweenfeher ele8GtEQNL Gltmon@ntmzﬁ) @@dc@nta;atr @yaa sRogeds 30. A
load in such direction is realized exanmple, as shown in Fig. 1, .

fixing the circtif P& E30 f8ﬁ1%i"ab5é§‘é‘f (tPaB-'F%‘itraﬁﬂ It 84 EFHHF I B t he
el ectroni c comneste 20d5t8d dRnnddiE ceOPéafales| Gtk ricthen (Septeferably 50
g/an - 5000 gﬂéggguction rate does not reach 100%), and when it exceeds 5000
15 g/mm®, electrode 20a of an electronic component 20 is deformed
during the test to cause deféctive connection during mounting.
Particularly, when an electronic component has an electrode
having a protrﬁsion height of about 20 ym - 200 pm, such as a
sclder bump, a solder ball and the like, the usefulness of the
20 contact load in the above-mentioned range becomes most
prominent.

The "“contact load per one electrode” means a value
obtained by dividing the total load applied to an electronic
component 20 by the number of electrodes 20a that have come

25 into contact therewith. Here, the electrode 20a is an
electrode contained in an electronic component 28, a test
subject. The total load applied on the electronic component 20
can be controlled by, for example, setting of a flip chip
bonder. '

30 The load applied while sandwiching an anisotropic
conductive film 100 between an electronic component 20 and a
circuit board 30 as mentioned above is preferably a locad that
decreases the thickness of the anisotropic cenductive £ilm 100

by 5 pm - 150 pm. By performing a functicnal test of an
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per one el ectrode of an electronic conmponent, and when a circuit board 30
of the test subject is flat, it is particularly preferably 100 g/ mR -
3000 g/ m2. This contact |oad hardly give danage to deform an el ectrode
20a of an io electronic conmponent 20, and is in the range decreasing the
contact resistance. That is, when the contact load is |ess g{fiah »f)-0/ M2,
followability to electrode is difficult to achieve and the connecti on
beconmes uncertain (electric conduction rate does not reach 100%, and when
it exceeds 5000 15 g/ m®, el ectrode 20a of an el ectronic conmponent 20 is
def ormed duri rgetheoriestoimreause def ecth empoaiRat koacduihAg 4HUNt i ng.
Particularly, \@Qgglann elfe,%ﬁrorliectcorrponent has an el.ectrode having a
protrusion hei ght - of aBout 26 P =°"260°BR°"SHEnadnd ™oIderuHugatd sol der
bal | and the |i3Resar lre efEfailenesy avisothad.20 contact |load in the
above-nentioned ran b S £ 1nent. The_."contact. |oad per one

el ectrode" means a \g}gfugg&g%t E?ﬁ%&lﬁgwl"ﬁ ?%%urithgft%tczfleaf%da 9‘&551??59'5& to an
el ectroni c €éoRporEnEnN2PeBprihecngvbtivoffidhediniodesh@ast hatn bave cone 25

into contact therewiletkhea Sf1 RLERS 1QMe 208 s al 18l felyigde cont ained
in an el ectronic conponent 20, a test subject. The total [oad applied on
t he el ectroni c {edH3GRBtoPEraginn -b¥CEont ol | ed by, for exanple, setting of .

a flip chip bondera 8&cThaniaad oa2pph iadcwhblie saRdM-aRi fi® ;an ani sotropic
conductive fil n](loo,bet ween an el ectronic conmponent 20 and "a circuit
board 30 as meftONéEHoFe P Ser bt dhPPrlyingad 195t toderstesbes the

t hi ckness ofio t BeambsDt rephenaandoct vee f idnn 1060 iByndt PartidoQpN By

performng a fpnct iegnla’JI stest af an 37 8 March 2007 el ectronic conponent 20
in such conpresSed Stht e wWarp ande SWaIFi FY9BFtI e t8 22t 6RFECESponent 20
and the circuid¢cripoaent 280agdmayebef ffiogi erddpl cabsariietlat idie o N®LEYLrof
di sl ocation (QHHHMEtfgn Q§C£é§¥%§gmééﬂ.%%”§§§ act resistance in electrode
 20a. '
15 Examples
- The present invention is explained in detail by referring
to examples, which are not to be constrﬁed as limitative.
{Example 1) |
An aluminum cylindrical core having a diameter of 320 mm
20 and a length of 270 mm is set on a horizontal type regular
winding machine (HPW ~ 02, Nittoku Engineering Co., Ltd.), on
which a 50 pm-thick fluorocarbon resin film as a slip film and
a film consisting of a 50 pm-thick thermoplastic polyurethane
elastomer having a rubber hardness of 75 degrees (Esmer URS,
2% Nihon Matai Co., Ltd., softening temperature 60°C) were wound,
and a heat-resistant polyurethane coated wire (copper wire
(diameter 25 um) coated with heat resistant polyurethane in 2
pn thickness) having a diameter of 29 pym was wound 250 mm at a
winding intervals (pitch} of 100 pm. Then, after winding a
30 thermoplastic polyurethane elastomer film similar to the
above, winding of heat resistant polyurethane coated wire was
further repeated 54 times, during which the odd-numbered
layers of wound wires and even-numbered layers of wound wires

from the core side were displaced such that the start position
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5 of the anisotropic conductive filmduring the test can be directly
nmeasured by a mcro conpression testing nmachine (Shimdzu Corporation, MCT
- W. A test subject of an electronic conponent 20 is electrically
conducted while applying a load to test the zo el ectroni c conponent 20.
Here, the test is not particularly limted if it requiresgﬁmﬁﬁﬂﬂﬁ7
conduction to an electronic conponent 20 and may be, for exanple,
confirmation of electric conduction or nmeasurenent of contact resistance
in electrode 20a. 15 Exanples The present invention is explained in detai
by referring to exanples, which are not to be construed as limtative.
(Exanpl e 1) Amfakbriinem:sybh ndirrkcaindeog eabaniviag 18 doaeetiercef 320 mm 20
and a |l ength of | S, on a Qﬁri ontal type re u%ar wi_ndi ng machi ne
(HPW - 02, Ni ?ltoél% ngi inedel?ig%tgmréo‘?f Fd)on" S Fndrigs °bF - Mok

fl uorocarbon r¥sirthifmiagorecarhqn £edim andh was Wplnd eorsisdip rfg lofora tBO

pn-t hi ck ther rapkasid-eppolysr et Rang 1agdastameurbav Ngid tubhenshandogss of
75 degrees (Estrtr]eg:mOUFﬁs 25 N'ihon B/at ai _Co., Lh%'l’ sof t eni ng tenperature 600
were wound, and & heéat - B8 St oyt erinnd Bottied W¥EE QoppRt “Hte

(di aneter 25 pwpprrigdnedhasitt tedisbant pslstrantarpotyanedt digper iwir2 ama t hi ckness)

having a di amefies e 29 1071 MR8aVQHA 350, Al 87 uWinlfi NGk L' ¥E?r% $s(Ritch)
of 100 pin. Then, after w ndi n%8$ 30 .t hernopl asti ¢ pol yuret hane el ast oner

filmsinilar tPPHE PLHGVEIORG ABF Ry lotdniEat shaks farite FB¥Srur et hane coat ed
wire was further repeatedsB4tiigresrndibhng whichuhhgeddwaippesadd | ayers

of wound wi r es:.ahd, gyaR-hTerad LaYer s, Of, NOURL W 145 o LomIhg core Si de

wer e di spl aced such that_gt e start posi of "the

i nsul ati on wi PE°Q Wdi Ay WRAS-FHIPedrisyreSFpm +i# -+ heeftgnipd udi nal directi on of

the al um num aphpadrical 2007®. adh@nsea 52 pEridiEkbbugs.ocaedhon Lpskn film

was wound as %u?’:{l%ygzlr ls@rg&ugrg,e a core and a support plate in is integration
were placed in this bag. The bag space was hermetically sealed and
sucked with a vacuum hose (connected to a vacuum pump) to vacuumize the
bag space. While maintaining the vacuum, the bag containing the core,
the multilayer structure and the support plate was placed in a heat
press treatable autoclave (Ashida Co., Ltd.). After setting, the
inside of the tube was heated to make the temperature of the core
155°C (temperature inside the tube: 200°C), along with which the tube
was pressed with a nitrogen gas to make the pressure inside the tube
10 kgf/cm’. After the core temperature and the pressure in the tube
reached the objective levels, the tube was cooled until the
temperature inside the tube reached 60°C and the pressure was
released.

Thereafter, the aforementioned bag was taken out of the

autoclave and a roli-like block integrated with the multilayer
structure in which a thermoplastic urethane elastomer film and a
layer of wound wire comprising heat resistant urethane coated
copper wire are alternately laminated was taken out of the bag,
and the core which had been atrached was detached. Then, the

aforementioned roll-like block wés cut into
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outer periphery of a nmultilayer structure in which the thus-obtained

t hernopl asti ¢ pol yurethane el astoner filmand a | ayer of wound wire

conpri sing heat resistant pol yurethane coated copper wire are alternately
| am nated, and a 1 nun thick alum numplate was set as a support plate

along the cylindrical shape of the core. A bag permtting f%gﬁa of a
vacuum space was prepared froma 80 pmthick heat resi star?t 17i I m

(1000 mMm x 1530 nm W. 8400-003-60-1000-SHT9, Airtec Co., Ltd., softening
tenperature: 220C) and a seal tape GS213 (Airtec Co., Ltd.), and a

mul tilayer structured, reacteogel antlacisup@or2o pate ldhgiks + MHzeg@haid QRarNer e
placed in this pag, The b ; Shace a\/\rfladsaggr tically sealed and sucked with
a vacuum hose (connect ed 10 a vacuum punp) l@%ltcll?ﬁnﬁ%set'héhebag space.

VWi | e mai nt ai niiagpinhesdy htocky wehe thagicom ailninhgnt bex orveng 4 ha-gul til ayer
structure and p d.i heat _press treatable

aut ocl ave (Ash}‘g%récou‘g% %%%%&Lﬁ?ter eslé?ct?‘%ngaflgtﬁlee S d’é‘ﬁifc’% ¢ BPe was
heat ed to nake “ehel temper dnusbughuk helager 120 5HCx (42 rperadupeataisiifest he

tube: 200C), al@Bdap¥vkbnihtiiChel NEhiRE, BAGS £ PLESSES, ;10 I Lrogen gas to
make the pressure inside the tube 10 Kgf/crp. A?ltgl?éﬂlhg %%&é’etlé’rgr%eerrature
and the pressurBtfife RE Ffplox rask RBJ s @PBpIRastt serfaseebs thehe tube was

cool ed until theordmepesaidinenimisiede hhenidbefeached; H0G.and,t.he pressure
was rel eased. Thter.eafter, ﬁhe; af orenenti oned bag was taken out of the

aut ocl ave and S°PGITATY K& bl oI ARt &yt &egediith thadagureds sfer hett ucture
in which a thersopitast inylonefilanewelastaseisdd ki aid28ovd ayele @honound wire

conpri sing heat, resi stant _urethane ated .copper wire are alternately
| ami nat ed vvasa{’% Cee?'ll out-"of  Ehe sy, %gsnﬁl%"ﬁgu'gdjr"é‘ UAT dFahsd Teén attached

was detached. fémerratihe oaf brivmentdmpaedidre! indidee tht agheWasolf i nto 39 8
March 2007 plwaly $estany b f o220 qmin length x 62 mmin wdth
¥ g g’#acrhe F%ek%ag'%ﬁestsﬁmnlth ﬁen%d:ﬁﬁﬁlét%a(f'bl ocks were

X 3.2 mmin thickness an ter 'am nati ese, t
put in an al unfiYfiintix thavk TRy sure| ins idehdreareb hcbayape bt weérct’he Asteek and

the inner wal ltrf céhe thR¥erature and the pressure in the tube reached the
objective levels, the inéide of the tube was cooled to 60°C,
and the pressure was released. Then a large size block in
which the laminated blocks were integrated was taken out of
the box and the block was cut using a wire saw (F-600,

20 Yasunaga Corporation) so that the plane orthogonal to (the
centerline of} the conductive wire inside becomes a section,
and a film 65 mm in length x 120 mm in width x 100 pm in
thickness was cut out.

The arrangement pattern of the conductive paths in the

25 anisotropic conductive film prepared as above was observed
using a stereo microscope, and the intervals (distances)
corresponding to DI - D4 in Fig. 1 {(a) were measured by a
microscope. As a result, D1 was 100 pym, D2 was 70 pum, D3 was
107 pym and D4 was 70 pm, respectively. The meodulus of

30 elasticity of the entire film at 25 — 40°C was 17 - 20 MPa:
(Example 2)

Using an APS (Advanced Plasma, Co., Ltd, reactive ion
plasma system), the sections (both sides) of the anisotropic

conductive film prepared in Example 1 were treated using CF4 as
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S was 1.5 mm ‘An aluminumplate (120 nmXx 62 M) was placed into the

above- nenti oned al um num box from an opening on the upper surface of the
box and on the uppernost surface of the aforenmentioned lamnate. In this
state, the alum num box containing the |am nate was placed in the bag nade
of a heat io resistant nylon film which was used in the a chR7bag was
pl-aced in an autoclave. The al um num box was heated to a tenperature of
175C (tenperature inside the tube: 200C) along with which the tube was
pressed with a nitrogen gas, such that the pressure inside thereof becane

15 kgf/cn2. Aft @J&chiinzg PQ@ actoge%&?épg%awoewaggd tahsgprﬁ%%,ugﬁ q’.% E?.gi { ube

reached the objective levels, the inside of the tube was cool ed 60C,
and the' pressufer wismir|t@apedrarFhen anismtgers rondhodivei filmiinchhidhe

| ami nated bl ockghdveng bALGGr 8basWESe kN QU R uadd e BRaRd the bl ock
was cut using a wire saw (F-600, 20 Yasunaga Corporation) so that the plane

orthogonal to (BHacipehtide@npaechithet fidicshbsientdteeten rlé imsi dee puciohes a

section, ands aof id1AkBR-P bR 42NGHNst rb20c MBI W ol i X BA0 2ENL joac
t hi ckness was cut ggt. The arrangenent pattern of the conductive paths in

the 25 ani sot r'opi condufffve film prepared as above was observed wusing a
stereo m croscofxamphel H)he intervals (di stances) corresponding to D1 - D4

in Fig. 1 (a) were neasur by, a mcroscope.. As esult, D . was 100 pm
D2 was 70 pm D3 vvarsT@ST(??ggSm éb‘r?ﬁafﬁe‘j\f\gga ’pﬁo'regt%cffa\‘/cetﬁ‘/’? T BABHUR us of
30 elasticity ofvsthe empereidd o dlte 25ctidCinase BhiscRbiPaconducExeapl e 2)
Usi ng an AP%G( éqﬁn;g%ba%ta&s{mﬂxggple I‘lt gas r&%%gég%sllga C1104| ssrTéa[:c%XEt e@s’ the
sections (both sides) of the anisotropic conductive film prepare%l E

Exanpl e 1 wer e atr @a@eterust myOCFY ansl 4098s NHiorhoR(0? Létichifng Iasiat a power

of 2000 Wand acgasad @w ofdq Q£S5thd MoRdud Ofve3Bafit RiakOp IERALE ARmAR, SOt T Opi C

conductive filmin which the end of the conductive path is protruded from
bot h principal plane of the film substrate (principal plane facing

the circuit board) for 15 pym, and the other side of the section

15 was treated using CFy; as etching gas at a power of 2000 W and a
gas flow of 0.5 L/min for 60 min, so that the end of the
conductive path was protruded from fhe principal plane of the
film substrate (principal plane facing the electromnic '
component) for 30 pm, whereby an anisotropic éonductive film

2¢ having a different protrusion amount at the end of the
conductive path from each principal plane of the film was
prepared. The modulus of elasticity-of the anisotropic
conductive film at 25 - 40°C was 15 - 17 MPa.

(Example 4)

25 The block prepared in the above-mentioned Example 1 was
cut using a wire saw (F - 600; Yasunaga Corporation}, so that
the plane crossing at an angle of 75° to {the centerline of)
the conductive wire inside becomes a section, and a film of 65
mm in length x 120 mm in width x 100 pum in thickness in which

30 the centerlines of the plural conductive paths form an angle
of 15° to the vertical line of the principal plane of the film
substrate was cut ont. |

The principal plane of the anisotropic conductive f£ilm

prepared as above was observed by a stereomicroscope, and the
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principal planes of the filmsubstrate for 15 pm The nodulus 5 of
elasticity of the anisotropic conductive filmat 25 - 40C was 16 - 18 Mra.
(Exanmpl e 3) Using APS (Advanced Plasma, Co., Ltd, reactive ion plasm
systen), one side of the section of the anisotropic conductive no film
prepared in Exanple 1 was treated using CF4 as etching gas @Magchowr of
2000 Wand a gas flowof 0.5 L/mn for 30 mn, so that the end of the
conductive path was protruded fromthe principal plane of the film
substrate (princi psdctplanet feach nepnduhei v peth t (thoawdinef expddedpiyomrnttet he

ot her side of the secil S ted. us| e ' S a
power of 2000 VVangggklggg%gﬁﬁgfg#Egggéﬁfngﬁngggggbqﬁfn%gB%H?ﬁ%? t gmend of
the conductive patie waster sheweiddbemmat hentailaee pdhepfbrt@ngés thegweds | m
substrate (principale Rbafg1fiacl r&&@s‘pcﬁlldegir@bﬁ, BOMBONGR baf Of #39. PM

wher eby an ani sotropi c conductive film 20 having a different protrdsion
anount at the erid of2)t fiere genpsired be HaLRTITOREet PeptPhaetpal? panklDimt he
filmwas preparedinalhe ERAELYse@ivelasticity of the anisotropic

conductive filmat 25 - 40C was 15 - 17 Nﬁab gExaane 4) 25 The bl ock
prepared in the above- MBIt of&d SEXEH%e (AoMhs 9ot °Gstiy A1 TEPLaw (F -
600, Yasunaga Cor penahdtifk, £S5 phaparddhes pltake @4@S skagraat vaingrgl esof 75
to (the centerline_o t he conductive w i.nsi de becomes a_sectjon, and a
[ or 65 mm i na"SAYh S5 150 ST Gt a0 T BT ARECRROSS N ch
30 the centerl imegoof3d manptarakpaondocanisetpapits chodumtdme ahiglme in odhith to
the vertical line.ql LReoRrincinal, RLo0%Ak 106, Likias Washrals vas cut
out. The principal plane of the anisotropic corductive film prepared as
above was observedrbycipadt praes cf dbeopelm andstdace #Adr 8 5Mam chTROGBSdubect i on
of each conducti vsfpﬁa@tﬁ{cﬁsgk% SXPOSSARS E UBLDEe1 R G RR! 2B1.2Ng-0f the

filmsubstrate) was an e
was 16 — 18 MPa,.

15 Evaluation test 1

Using the anisotropic conductive film prepared in Example
1, the following connection test {electric conduction test)
between the eleétronic component énd the circuit board was
carried out.
20 [electronic component for evaluation]
component size: 3.8 mm in length x 3.8 mm in width x 2 mm in
thickness
electrode size: 0.3 mm in length x 0.3 mm in width
number of electrodes: 20
25 arrangement of electrode: peripheral
electrode arrangement distance (pitch): 0.6 mm
{circuit board for evaluation]
substrate: glass epoxy substrate (FR ~ 4)
entire thickness including circuit pattern: 1 mm
30 ratio of circuit width and interval width of circuit pattern:
(0.3 mm:0.3 mm}
{evaluation method]
An anisotropic conductive film is disposed between the

e@lectronic component for evaluation and the circuit board for
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the center thereof being a centerline, the distances between the
centerlines corresponding to DI, D2, D3 and D4 in Fig. 5 1(a) were neasured
by a mcroscope to be 100 Fun, 70 pm 107 pm and 70 pm respectively.
Then, the sections (both sides) of the anisotropic conductive film
prepared as above were treated using CF4 as etching gas atggpgisjo7of 2000
Wand a gas flowof 0.5 L/mn 1o for 30 mn to prepare an ani sotropic
conductive filmin which the end of the conductive path is protruded from
both principal pledaésaigont ard {4 cansamdsirad & sf ePPYiBdpfrom e nphAtasniof

elasticity of the 3pRb&UdtORlge GRANPMELINCiEI{HD ledTic 4ductBSh Hraedd MPa.
15 Evaluation test 1 Using the anisotropic conductive filmprepared in

Exampl e 1, the fétiodihGeEnHdSt fotrateste) afeth? isd EBFRRIC FOIPAREEE)and

bet ween the el ect kR8I &i:cANPONRIY 84Xl dehgckidvedi teRQAE Tk WRSdu&@iIch 8 put . 20
[ el ectroni c conponent for eval uation] conponent size: 3.8 mmin length x
3.8 mmin w dth°xP2*¥i’i'n  thickness el ectrode size: 0.3 nmin length x 0.3
mmin w dth nunberesafitellectrodes: 20 25 arrangenent of el ectrode:

peri pheral el ectrode artangenen istance (pitch): 0.6 mm [circuit board
for eval uation] subst rgb%:gogqr{ga‘szlg g"ﬁ%x?%“u%% I‘%. e tPﬁFf‘fl Ef”é%talll’aﬁg’fhci ckness
i ncl udi ng circuitcpatucging wasni 3Prati o of circuit wdth and interval

width of circuit E@él&%ﬁ:?‘é t_(e%£32m“ 0.3 mm) [eval uation method] An

ani sotropi ¢ condu i sposed between the electronic conponent
for eval uati oniand t heVgirzdhe dpvgcdrémic capd@tinechilpgOPrerarativin i on and a

contact load is a@)@njpggsfi Q-m4t, hﬁueelfggiéng.@ligcconnection test (electric

conduction test) between the electronic component and circuit
beoard was carried out.
{electronic component for evaluation]
15 component size: 3.8 mm in length x 3.8 mm in width x 2 mm in
thickness
electrode size: 0.3 mm in length x 0.3 mm in width
number of electrodes: 20
arrangement of electrode: the electrode surface 20 um below
20 the component surface
electrode arrangement distance (pitch): 0.6 mm
[circuit board for evaluation]
substrate: glass epoxy substrate (FR - 4)
entire thickness including circuit pattern: 1 mm
25 ratio of circuit width and interval width of circuit pattern:
(0.3 mm:0.3 mm) -
[evaluation method]
An anisotropic conductive film is disposed between the
electronic component for evaluation and the circuit board for
30 evaluatien and a contact load is applied from the electromic
compenent side to cobserve if the electric conduction between
all the terminals {electrode) of the electronic component and
the circuit beoard can be achieved {electric conducticen at all

points).
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conponent side to observe if the electric conduction between all the
termnals (electrode) of the electronic conponent and the circuit board
can be achieved (electric conduction at all 5 points). [results] The
contact load required for the all point electric conduction was 2.5 Mra.
Eval uation test 2 10 Using the ani sotropic conductive fil E? in
Exanples 2 - 4, the followi ng connection test (electric conduction test)
bet ween the el ectronic conponent and circuit board was carried out.

[ el ectroni c conponent for evaluation] 15 conmponent size: 3.8 mmin length x
3.8 Mmin widrgsudt2lnmin thickness electrode size: 0.3 nmin length x 0.3

mmin width nunbeg of, a%QtwadfsreqﬁPrle tfapgﬁ{geahogm%kegig&qgc t he

el ectrode surface 20 pm bel ow 20 e conponent surface el ectrode
arrangenent @padumiden (st dA)MPP ¥Gepmthy GPFE‘EJ‘PTOPBEaﬂFQi‘dPéFl‘é%/éPé‘atqfon]

substrate: 9kass18P9XYasSURSL! &f @iph Fihen 4he eMMilsberddiC kBRSSdi06e! Hdinng
circuit pattern: 1 nm25 ratio of circuit width and interval w dth of

circuit paft@F fxampde 3 eI Pndpd] 2VERULE D Ret WG ARt Gni sot r opi ¢
conductive fiEddbucsidh SAseds b:ﬁeta»e@ea 4 has @tertroni c conponent for

eval uation and the circuit board £ ? v&:uat% g d a contact load is
applied fromthe EMERYGRIC %oé’ﬁlﬁﬁﬁé‘ﬁei srte Y&°% ve " PTPYRE & ectri ¢
conducti on betampens BJ 2}t herd erpineds acebatingode)tief stées gliect riomi
conPonent and.oe il Sl dgRgsk 4R PeLRShbsuaty 8t etlh! Sanandystion &

10 conductive film are as described below.

(Example 5)
The following resin mixture was used.
naphthalene type epoxy resin © 100 (parts by weight)
15 (epoxy equivalent amount 270}
cresol novolac type epoxy resin 65 (parts by weight)
{hydroxyl group eguivalent amouﬁt 174)
acrylic rubber 170 {parts by weight}
(epoxy monomer copolymerization crosslinking type)
z0 (Comparative Example 1)
polyether type polyurethane rubber {Nisshinbe Indestries, Inc.,
MF-50T-MX) |
{Comparative Example 2}
silicone rubber {a commercially available compound centaining
25 siloxane as a main component to which a vulcanizing agent is’
added)
The following anisotropic conductive film was produced

using a film substrate made of the above-menticned materials.

- film substrate thickness: 200 pm
30 ° protrusion length of conductive path from
both sides of film substrate: 20 pm

* thickness of gold plating on both ends of conductive path:
0.2 um
- entire thickness of anisotropic conductive film:
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[results] The contact |oad required for the all point electric  conduction
was 10 MPa when the ani sotropic conductive filmof Exanple 2 was used, 8
MPa when the anisotropic conductive filmb5 of Exanple 3 was used and 5 MPa
when the ani sotropic conductive film of Exanple 4 was used. Anisotropic

conductive filns (Exanple 5, Conparative Exanples 1, 2) ed
according to the steps (1) - (7) above. The materials ofmﬁlgda%tﬁ%
substrate of each anisotropic io conductive filmare as descri bed bel ow.
(Exanmpl e 5) The following resin mxture was used. naphthal ene type epoxy
resin 100 (parts by weight) is (epoxy equival ent anount 270) cresol

novol ac type epoxy resin 65 (parts by weight) (hydroxyl greup _Lgnqui val ent
anount 174) acrylic rubber 170 (parts by weight) (epoxy nonomner :
copol ymeri zat i on'c‘?“ﬁg‘%F‘?Wﬁfnﬁo’f%)’ﬁé)w‘id’a(t&mpar ative Exanpl e 43 Hjol yet her
type pol yur et hane dishbete ((DNissh) moewddtdushtdBSnel NG adi MeerROloMctive
(Conpar ative Exa Ae 2) silicone rubber (a commercially avail abl e conpound
containing 25 glggosxane as a nmmin conponent to which a vul catfi #"ng agent is
added) The f okl ow ng Thai satgpntc condacdrity dsémi qundastyr edasad:) st ngea film

substrate nade @f i hg abavyg+pentioned material s. filmsubstrate
t hi ckness: 200 pm 30 protrusion |length of conductive path from both sides

of film substratechD sige: tHl ckneask? g §oiidkpkas i 1$g§oombot h ends of

conductive path:. ;0,2 pMm.entd 8.t N LkRESS. @ ani sotropic conductive film
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* bump diameter of electrode: 70 pm

10 - bump height: 70 pm
- number of electrodes: 156
* pitch between centers of electrodes: 200 um
Details of circuit board for evaluation are as follows.
* glass epoxy substrate : FR — 4
15+ thickness including the thickness of circuit pattern:
1 mm -
* ratio of circuit width and interval width of circuit

pattern: 100 pm/ 100 pm

An anisotropic conductive film was disposed bethen the
20 above-mentioned electronic component and circuit board. BQ
applying a load of 200 g/m’ per electrode, electric conduction
was carried out to measure and observe the amount of
displacement, bump deformation and adhesion to the substrate.
The measurement and test were performed for each film at 20°C

25 and 150°C. The results are shown in Table 1.
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240 Fun dianeter of conductive-path: 25 pm distance (pitch) between
centerlines of adjacent conductive paths 100 Fun 5 The el ectronic
conponent (sem conductor elenment) for the test is as follows. chip size:
10 mm x 10 nm (t hi ckness : 500 Fun) ki nd of el ectrode: Au stud bunp bunp
di aneter of electrode: 70 pm io0 - bunp height: 70 pm nunbe M"arc]? @(ﬁrodes:
156 pitch between centers of electrodes: 200 Fun Details o CIfcuit board
for evaluation are as foll ows. gl ass epoxy substrate : FR- 4 is

t hi ckness- including the thickness of circuit pattern: 1 nmratio of
circuit wwdth and interval width of circuit_ pattern: 100 Fun/ 100 Pm An

ani sotropi ¢ conductive filmwas di spos%’(f’ Bet ween the 20 above-nenti oned

el ectroni c conponent and CirTcuit board. Byg,2pplYT PEoci I 080 Q200 g/ n2 per
el ectrode, elefctric conduction was carri g out to gpasure aé"nd Qbserve t he
anount of di s !uuUIIC‘IIL, uuu gdeforrati-onrandradheston—to—the—stbstr at e:
The measur ementMeaid ST EyARE beffornmed fprleach 4 26924@%5130d 150G,
The resul ts arletestenmetivgeTdBEe 1. 45 8 March (2007 Table 1 Exanplg Conp.
Comp- 5 Ex. 1 Rd.asticMpagsuleseftiPand test] PO 1280 200 150.2(0 995080 1
t enper at ure ( QarastsieC ofDEBL tn MPa)ud00| 20 1521<0Ldl {860 8Q 1odecs ease of

thickness (M [8Hck2 138d6Q2302d011ed

Amount of silicone ¢ 0 0 0 10 1120
component (mol%) adhered to

test object

electric connection OK OK OK NG OK | 0K
adhesion to the substrate no no no | yes no | no
evaluation Q o] (o) x x x

In the table, the "amount of silicone component adhered
5 to test subject” means a value cbtained by quantifying the
siligone componeht left on the contact face by a SEM - EPMA
- method after pressing the anisotreopic conductive film on
copper foil.

The “electric connection” was evaluated as "OK" when

10 electric conduction was confirmed by a compression testing
machine and “NG” when not ccanfirmed. -

The *adhesion to the substrate” was evaluated as *yés”
when, after the test, the anisotropic conductive film cannot
come off easily or extranecus matter such as fragments of the

15 film are found even if it comes off, whereas it was evaluated ,
as "“no” if the aone is not the case.

The film of Comparative Example 1 (using.polyurethane
rubber} can be used at room temperature (20°C) but is not a
superior anisotropic conductive film in that adhesion to the

20 circuit board is observed at 150°C. \

In Comparative Example 2 (using silicone rubber), the low
molecular weight component of silicone adheres (be '
transferred) to the test subject, and therefore the film is

not good as an anisotropic conductive film for test.
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when | oad was applied Anmount of silicone 00 O 10 10 120 conponent (nol %
adhered to test object 1 electric connection OK 10K OK ' NG OK OK adhesi on
to the substrate no 'no no (yes no no evaluation 0 o o Ix X ix In the

tabl e, the "amount of silicone conponent adhered s to test subject” neans
a val ue obtained by quantifying the silicone conponent Iefgégn t@? £ontact
face by a SEM - EPMA nethod after pressing the anisotropic aﬁﬁlh QVe film
on copper foil. The "electric connection" was evaluated as "OK'" when 10
el ectric conduction was confirnmed by a conpression testing mnachine and
"NG' when not confi rr%g) t;:I'het " %ghesi.on to.the s bstrat/fgi" was_-eval uat ed as
"yes" when, after Th& r'&5t® 1t e ahir S8t T Picc SRS T Ve 1F'F I o FXAMRLSS cone
of f easily or hextraigobsatatdséstansh) as Waldgashidssocafat hdgds fil mare found
even if it co e iLt-was evaluated . .as "nqQ" if_ the above is not
the case. Therzgﬁf%% ur%rr%%f%t"—fvfe g?fp e %m TNy %glotfﬁrte?‘hba?ﬁg% (?uuebber)
can be used after boymredapelant ve e @Spnanti sambtara a sugperi@r ani sotropi c
conductive b1 bmidulhal ashfskolk 1 1hNoh: A0cm ieUhl.PIRrd Jyobser ved at
150C. In Conparative Exanple 2 (using silicone rubber), the low nolecular
wei ght conpon&ffPYREFEi EW9e- adheres (be transferred) to the test subject,
and therefore the filmis not good as an ani sotropic conductive filmfor
test. 46 8 March 2007 |In contrast, the anisotropic conductive filnms of
Exanpl es have hi giPh8atPREsrEtUniE, Pasner cﬁaéaﬁgsﬁﬁﬂ%l‘é%tlrﬁ“gﬁ"% enper at ur es
and are free pdoxonvami nald onoBf32best rSubjieat sdpen, tBel @MtaBLecdd ar wei ght

component , A, A2 3. SURRL), Ol nc 0L SO BP' S £20GuE! T Ve TiTm which can be
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tenperature range. This application is based on patent application Nos.
2003- 317453 and 2003-326810 filed in Japan, the contents of |ID which are
hereby incorporated by reference 47 8 March 2007 WHAT IS CLAIMED I'S: 1. An
ani sotropi ¢ conductive filmfor testing an electronic conponent, which
conprises a filmsubstrate 5 conprising an insulating resi nsqﬂgm '2:66?'
conductive paths insulated fromeach other and penetrating t i
substrate in a thickness direction, wherein the insulating resin
conprises (i) warags vhiouebubber and (ii) a napht hal ene skel et on epoxy
resin crosslinked with a phenol resin, and both 10 ends of the plural
conductive paths are exposed on both front and back surfaces of the film
substrate. 2. The ani sdtY 8ptICEBRHUCPIELTYE AlOP OraftAtinrdviiferein the

pl ural conductéivetpaliAScapendlitspeoset tompaibetindsi vostbskrackheck pattern and

adistance betueen, SQQAUCtive NALhS el vean,: adi ANt ous, i conduct i ve

paths is snmaller ana di stance ~between conductive paths wthin a row of
conduct i ve patHSUl&eTREATELOFBHT EPE ITdGETI VB fienf O EMAiYRRee 20
wher ei n pl ur al ir ewshiekneanducddtien pahbseinntize phbwncicpad repi@ane of the film

are arranged inparall el, Lo £ach oLgt.. Jherieh n, aqdistange between

adj acent rows of conductive 25 paths Is smal han a di stance between two
adj acent condU€tFv pRTHSs r?\ﬁ‘t“hFﬁosé?lrlﬁwdof”?bﬁdﬂltec“lo\]/efeﬁéf‘hsa”idnb%lthf| rst
di rection, ahdnwheskeithe tflerdl stance ibetmeen ad] agentd rowsoaf feomducti ve 30

paths is smal | gl than.the disiance heLweed. fwq adjacent conductive paths
within a row of conductive paths in a second direction perpendi cular to

the first direction. 4. The anisotropic conductive filmof claim2, wherein
35 the conductive path hasamisosuteic deaivetere of ld@f-clGOmphy whheein

the plural conductive paths are disposed in a houndstocth
15 check pattern and a distance between conductive paths between
adjacent rows of conductive paths is smaller than a distance

between conductive paths within a row of conductive paths.,

3. The anisotropic conductive film of claim 2,
20
wherein plural rows of conductive paths in a principal

plane of the film are arranged in parallel to each other,

wherein a distance between adjacent rows cof conductive
25 paths is smaller than a distance between two adjacent
conductive paths within a row of conductive paths in a first

direction, and

wherein the distance between adjacent rows of conductive
30 paths is smaller than the distance between two adjacent
conductive paths within a row of conductive paths in a second

direction perpendicular to the first direction.

4. The anisotropic conductive film of claim 2, wherein
35 the conductive path has an outer diameter of 10 -~ 60 um, the
distance between conductive paths within a row of conductive
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di stance between conductive paths within a row of conductive 48 8 Mrch
2007 paths is 30 - 200 pm and the distance between adjacent rows of
conductive paths is not nore than 4/5 of the distance between two adjacent
conductive paths within a row of conductive paths. 5 5. The ani sotropic
conductive filmof claim2, wherein a centerline of the pl §rﬁl ﬁérdgj{lcti ve
paths is inclined to forman angle of 5 - 45 with a verticadl ] a
principal plane of the filmsubstrate. 10 6. The ani sotropi c conductive
filmof claim2, wherein at |east one end of the conductive path protrudes
froma principéis pkaife -of0d e, fankdmisulbst rate. bekthedn afiecent sots opi C
conductive film QfhaGl@iva Bardes 6ol Ot b &ndss of Lhe Gonglctive path
protrude fro both front and bac§ surfaces of the filmsubstrate. 8. The

ani sotropi ¢ cORAUCTi V& FITI8F Q"GPRT TS W&l P80 t9¢ $T1m as a whol e has
a nodul us of éP@FﬁtCF@:YGt yaphs.1l MPa - 100 MPa at 20C - 150C, and the film as
a whol e has sa thickness of 30 pm- 1000 pm 9. The anisotropic conductive
filmof claim1l, whereip 1s$t1.)o both ends of _the g duct ve at hs protrude
fromthe front and thé back SUrFAGeET 6F e FilfnP s bétFate %) "a part of
the conducti ¢ecgaehlinghPEHhpenetrpat esduhe v Ilﬂfmhﬁubstm&tlened Soa conductive
netal wire harbngaa siaeesers of4skOupth = G0-tpPA1 aRde dCh Hh&cRELOL rusi on of
the conductive,path.is the condLLct ve 30 netal wire itself extending from

the filmsubs rate or is or yplating onto the ends of the
conductive etal wire. 49
6. The anisotropic conductive film of claim 2, wherein

at least one end of the conductive path protrudes from a

principal plane of the film substrate.

15 7. The anisotropic conductive film of claim 6, wherein
both ends of the conductive path protrude from both front and

back surfaces of the film substrate.

3. The anisotropic conductive film of claim 1, wherein
20 the film as a whole has a modulus of elasticity of 1 MPa - 100
MPa at 20°C - 150°C, and the film as a whole has a thickness
of 30 pym - 1000 um.

9. The anisotropic conductive film of claim 1, wherein
25 {a) both ends of the conductive paths protrude from the front
and the back surfaces of the film substrate, (b) a part of the
conductive path, which penetrates the film substrate, is a
conductive metal wire having a diameter of 10 pm ~ 60 um, and
{c} the protrusion of the conductive path is the conductive
30 metal wire itself extending from the film substrate, or is

formed by plating onto the ends of the conductive metal wire.
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