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properties for sem-crystalljne hot nelt adhesives may devel op 25 over »
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adhesi ve matompomentperti es of a hot nelt adhesive are key factors in
determ ning the performance and reliability of a hot nelt adhesive bond
bet ween 30 substrates that are to be bonded together. The adhesive should

flow ddfficiently at a sui FbCKGROYNR QR ENVENTION| | ow t he substrate

surfaces 1o be adagal sl Nk st i MG BONE G MBS0 gapchest ve

conposi tion shoul upon cool | hding opefation is
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flowable liquid upon application of heat and/or pressure. To form a bond between

adherends, the adhesive is first converted into a softened or molten state. The adhesive is
20 then allowed to solidify upon cooling to form the bond. In comparison to thermosetting
adhesives, i.e., adhesives that undergo chemical crosslinking upon curing, hot melt
adhesives possess many advantages. One major advantage is that hot melt adhesives may
be formulated without any liquid carrier. Also, bonding occurs immediately upon cooling,
although improved bond properties for semi-crystalline hot melt adhesives may develop
25 over minutes or days as crystallization progresses. Bonds formed from thermoplastic
materials are also repairable in that they can usually be removed and repiaced without
damage to the subsirate(s) being bonded.
The adhesive matrix properties of a hot melt adhesive are key factors in
determining the performance and reliability of a hot melt adhesive bond between
30 substrates that are to be bonded together. The adhesive should flow sufficiently at a
suitable bonding temperature to allow the substrate surfaces to be adequately wetted by the
adhesive. In addition, the adhesive composition should bond rapidly upon cooling. When

the bonding operation is complete, the adhesive should have sulficient toughness to
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mechanically bond and electrically interconnect an electrical component on the first

20 substrate to an electrical component on the second substrate. The electrical contact is
primarily a pressure-engaged contact and is maintained by the adhesive matrix holding the
two substrates together. A typical use is to electrically couple the contacts in a flex circuit
to the corresponding multiple contacts of a printed circuit board.

Commonly, these adhesives may be delivered as a layer on a release liner or as free

25 standing films in which the polymeric adhesive matrix contains a sufficient amount of the
conductive particles to allow electrical conduction through the thickness (the z-axis) of the
film after bonding. Because of the insulating nature of the adhesive polymer matrix, and
the low volume fraction of conductive particles, the films allow essentially no conductivity
in the plane of the film (x and y-axis directions). Such film types also are known as

30 "z-axis adhesive films" or "ZAF's".

Anisotropically electrically conductive adhesive films additionally containing

non-electrically conductive fillers, are known in the literature. For example, Japanese

2- .
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adhesi ves raig lined thas cae pebseshio@rovideincraaped adhesion, higher modulus, and decreased
coefficient of thermal expansion. These fillers include silica particles, silicate particles,

20. quartz particles, ceramic particles, glass bubbles, inert fibers, and mica particles.
Organophilic clays are not suggested.

It is highly desirable for the adhesive of an anisotropically electrically conductive
adhesive composition to provide fast bonding times as well as rapid development of creep
résistance and peel strength. In the past, both thermosetting and thermoplastic adhesive

25 polymers have been used in electrically conductive adhesive compositions. Thermosets,
or more specifically thermoset adhesives, tend to flow readily during the initial phases of
bonding (i.e., prior to curing) due to their relatively low molecular weight, and have high
creep resistance and peel strength once cured, due to the chemical crosslinks in the system,
but suffer from relatively long bonding times before such characteristics develop

30 adequately. As another drawback, thermoset adhesives may not be repairable, i.e., they
cannot be removed from a substrate without leaving a residue or degrading the substrate

surface.
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heated block (hot bar) or thermode is used to apply both heat and pressure. As used
herein, the term "thermode" is also intended to include hot bars, heated blocks, etc. This
20 bonding pressure can deform one or both of the substrates. For example, when a flex
circuit is bonded to a printed circuit board (PCB), the flexible circuit substrate (e.g.,
polyester, polyimide, etc.) may deform, particularly in the region between circuit lines.
When the pressure is released, the dgfon'_néd substrate can resiliently spring back toward
its original configuration. Cavitation voids within the body of the adhesive polymer
25 matrix can form as a result, because the internal strength of the adhesive typically is not
high enough to reéist the elastic recovery of the deformed substrate(s) when the thermode
is lifted hot. Cavitation voids are desirably avoided, as these can make it more difficult to
evaluate bond quality and are often perceived as being a potential source of failure and/or
loss in performance.
30 Cavitation voids are not so easily avoided with conventional adhesive
compositions. With respect to thermosets, crosslinking the adhesive in order to avoid

formation of cavitation voids cannot be done prior to making the bond, as excessive
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It has now been discovered that incorporating organophilic clay into hot melt

20 adhesive compositions, particularly those comprising semi-crystalline polymers, greatly
improves the adhesive properties in many respects. Some of these improvements are
particularly beneficial to the specific use of hot melt adhesives filled with electrically
conductive material for use as electrically conductive adhesives or the like. Firstly, the
use of such clays dramatically increases the rate of recrystallization (i.e., after bonding) of

25 thermoplastic, semi-crystalline polymers, leading to substantially more rapid build up of
peel strength and creep resistance. Systems incorporating such clays and thermoplastic,
semi-crystalline polymers tend not only to recrystallize faster but also tend to develop
dramatically higher levels of creep resistance and peel strength as compared to otherwise
identical systems lacking such clay. In the specific case of use as an anisotropically

30 electrically conductive adhesive, the improved creep resistance can result in improved

electrical stability (e.g., in response to applied mechanical stresses).
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adhesive composition. The composition includes a polymeric adhesive component; an
electrically conductive filler incorporated into the adhesive component; and a clay

20 component incorporated into the adhesive component, wherein the clay component
comprises an organophilic clay. ‘

In another aspect, the present invention relates to a method of providing an
electrical connection between first and second electrical conductors. An electrical
component on a first structure is electrically Eoupled to an electrical component on a

25 second structure using an adhesive composition. The adhesive composition comprises a
polymeric adhesive component; an electrically conductive filler incorporated into the
adhesive component; and a clay component incorporated into the adhesive component.
The clay component comprises an organophilic clay. In another aspect, the present
invention relates to a method of making an electrically conductive adhesive composition.

30 An organophilic clay is incorporated into an adhesive composition. After incorporating
the clay into the adhesive, an electrically conductive filler is incorporated into the adhesive

composition.



The cl ay conponent conprises an organophilic clay. In another aspect, the
present invention relates to a method of meking an electrically gqq@gq&mve
adhesi ve conposition. 30 An organophilic clay is |ncorporated into an
adhesi ve cohP831%3%h. After incorporating the clay into t hePG{E8¥1%" an
electrically conductive filler is incorporated into the adhesive

conposi tion. -6 WO 03/002682 07 DEC 2005 PCTIUS02111309 I n anot her aspect
the present inventi an el ectroni ing a first

140) ] i
T bt ore commr  ab RO R b B aP it fudic S lebont SRAHNL

conpri sing aorﬁﬁﬁ%g aefhepgtfumﬁé cSOPRANE B firstdsttidehl 8bpORene seabhd/stebepabri cal |y
conducti ve esive conposition electrically interconnecting said first and

"second el echBaFmB asgapsidentrcal vﬁ@pemomdtawxsth@pu@b!x elgchmallyepndictivhesi ve
conmponent, t\%Cton%Q{t ele%?r“c‘%}iﬂﬁ%ﬁ:o%hécttﬁlé safzﬁgrs{) s stgg?ﬂ%d AEQrit %le adhesi ve

conponent ; nen ncorporate sive nmponent .

‘The cl gy COEmﬁpélﬁﬁntQO'DﬁHct(ﬁﬁﬁ)sﬁfbn if¢1gaercnpolly meri€ halesivetoaipoh bt aelRegically he
present invention relates to a nethod of making an 10 anl sotropically

conducti ve ermestivefillemseamorasd inkmibeiadhesdy carprapmient: wed pelaymompongnt |
or ganophi "&cf}.}ﬁafath&‘ BW?&h%ﬂv%QéxﬁgME%ta'?ﬁgél' eﬁ‘%?ﬁ?qf‘)' {)@gﬁs%sh%d a plurality

of electrica con ct|ve S 1 ncor esive

conposi ti onorgBRbﬁEhDEﬁgERI PTI C]\l OF THE DRAW NGS 15 The above nentioned and

ot her advantages_of the present invention, and the manner_ of attaining them
will become mrehéﬁﬂf&h%‘rﬁsp%ﬁ%d € RESSETHVBYANGR reletes 19 2 wethodRf majdpg an understood

by refgrenc ?Sr%’o '
[ nvenIllgon t §cﬂr6ﬂ] &laﬂé dggké\%tp%na(aﬁéﬁié &Lﬂéﬁ&gg%n éd}lﬁpy %lr%a%lgg%t’ re| n: FIG
| is a cr oserganopmhualayunmxpmﬁtedﬂnteltmadtmmve cagmpesitiby, @i 4 pleraghityesfent

I nventi on; | an. view of an el ectronic assenhl.y of the

20 FI 2 4 S .a B
i nvention: SRETEREY canduetixg, barlipled NCQTRAAGH dito the adhesiye S?WEOSAE%an y of the
i nvention. DETAI LED DESCRI PTI ON C]: PRESENTLY PREFERRED EMBCDI MENTS The

enbodi ments of the presen H#e |nven @N e%drﬁﬁl ot i nt ended to be

25 exhaustive or to limt precise tornms disclosed in the
foll olbng det ai | e ablescmeptionad anﬂ?aﬂieead\tdmm@abbmermmeat mventodng asdithend

descri bed so that others skill e(il in the art m CF)@_ﬁeCI ate and under st and
the princi praanerRf Qiaipieg them. 3pll beroms BOEHPR mvention itself will be

better understood by reference to the following description of the embodiments of the
invention taken in conjunction with the accompanying drawings, wherein:
FIG. 1 is a cross-sectional view of an electronic assembly of the present invention;
20 FIG. 2 is a plan view of an electronic assembly of the invention; and

FIG. 3 is an exploded view of an electronic assembly of the invention.

DETAILED DESCRIPTION OF PRESENTLY PREFERRED EMBODIMENTS
The embodiments of the present invention described below are not intended to be
25 exhaustive or to limit the invention to the precise forms disclosed in the following detailed
description. Rather the embodiments are chosen and described so that others skilled in the
art may appreciate and understand the principles and practices of the present invention.
The hot melt adhesive compositions of the present invention generally include a
polymer adhesive component and an organophilic clay distributed in the polymer adhesive
30 component. The polymeric adhesive component of the present invention comprises at
least one semi-crystalline thermoplastic polymer. Curable monomeric, oligomeric, and/or
polymeric components also may optionally be included. Those embodiments constituting

electrically conductive adhesives may further include electrically conductive particles.
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The hot nelt adhesive conpositions of the present invention generally i.nclude
a polymer adhesive conponent and an organophilic clay dlstrlbutad[ﬁﬁ

pol ymer aqhgghieress0 conponent. The pol yneric adhesive conpg&qmsogflﬁbbe
present invention conprises at |east one sem-crystalline thernoplastic

pol ymer. Curabl e nononeric, oligonmeric, and/or polyneric conponents al so may
optionally be included. Those enbodi nents constituting electrically
conduct i ve adhegigppserBiive anamjiés ofiehnble r§ ralsk ¥n e ybiehéVaInRaLE i cl es.

-7 WD 03/002682 0. 7 DEC ZOOEBQ%T/USOZI11§@3%%épresentatlve exanpl es %

sui t abl e pePRrReRent inpludgsemisrystalippasriiate pelaersy ethy@@mﬁéﬁ@ cpprRlymdes,

cthyl ene. byl BERE BLERIRERES bR D st SRR P Slere:
pol yet hyl eemylenetﬂw;b)&él&-dﬂpﬁmaﬂﬁbaﬂmqlaYé&it?rcnS—%tH}@eﬂéLlait@ﬁene—styrene block
styrene- et hyl ene-but adi_ ene-styrene block 5 copolyners epoxi di zed

st yr ede- et FORAECKy eRAFId 7Rl %YVP%@’YMTG&P%CHW stireans block Gppekyaners opr ene bl ock

copol yners e
pol yet her - Stg eylp eg%{ ‘Ek c(g)t (ryljn Mt? ?%%Mbé;{é Stgllle%lﬁu @%ﬂ%} chI or I de,
pol yvi nyl tmmhersppd»lyaserepayarnmeyﬂbm@olmémﬁcﬂwﬁy\mtynanIpﬁwﬂe@mome,

pol yi m des, i\“ nyl acetal, ?/w nyl ethers, polysulfones,

pol ycapr ol ae% fore@htwh@ﬁtiefﬁa@owﬁ mn?egelqubar@ﬁwamnldﬁfeéolpﬁ@d@r r ed

seni -crystal

desirabl e ?olkllbng' B% Fg ﬁlﬁgﬁetb poﬁjctagl%lﬂ&?%nre%‘swtfll r{go(?]ﬁg)?t}f%e The
sem 40r yst ahd thﬁelkbher nopl astic adheS| ve reS| ns may be used independently, as
part of a copol in blends of two or nore | ynmers, or in conbination

with reactive Fﬁfﬁ%‘?’%Se@?%ﬂt?]é@ﬁﬁpb’mféﬁ@edhefﬂ?ﬂp}%ﬁélﬁsam&w&h #rmay ko bee

ddi t h |
? aclkl :‘ |02r gaes %Bﬁlrtoq @gﬁlrg?%mgﬂdé%m@ﬁgwr gg%ﬁil ;é/rggtrr?lt%ﬁ% Y@H&s gorrgfs, and/ or

pol yners cmhndcrymllmdehd‘muopkaxam)dl&sx\err&lmmﬁplbe uberkbind pertdghtdy,es panooaer s,
cyanat e ester pol yma B% resins, silicone rg}gl ns, phenol resins,
phot ocur abF%quﬂ‘é‘Frmé“ O TRIE POIYRG FARTHR P ?aHP“t"HgE@aCt&’ﬁd“?W?fFake

20 Thg wei Sf‘% rﬂ%’r@r%%p sﬁ%& afnd¥t Wil hefadifBn I RAR tﬁ){’ﬁ“ﬁ’% difyir 'tab' e in

the "practic invention nay vary w e ran For each
such adh esm&anabao:brwdp:v,anﬂs lsecives ghkifismeandgdastioizecu| Suchweheyreaotisy nhmomers
S|ve conposi tion t he,desired

I ndependent sel ect that the .a
char Deter 1 akderiers i eg %ﬁrsgalelﬂg?s)}'%‘g N A AT T
envi r onMentyonBmty, efarfaliCesad PERInYEs, Wpbky RRirS GllcotSreSinb SptRhobkidg | nes, the

photocurable resins, anaerobic resins, combinations of these, and the like.

20 The weight average molecular weight of the adhesive polymers suitable in the
practice of the present invention may vary within a wide range. For each such adhesive
polymer, the weight average molecular weight may be independently selected so that the
adhesive composition has the desired characteristics suitable for satisfying the demands of
the intended environment in which the adhesive will be used: As general guidelines, the

25 weight average molecular weight may be at least 1000, preferably 1000 to about
1,000,000, and more preferably 5000 to 800,000.

In preferred embodiments, the polymer adhesive component of the present
invention comprises at least one hydrophobic, thermoplastic, semi-crystalline adhesive
polymer, and more preferably one or more that can function as hot melt adhesives. As

30 used herein, "hydrophobic” means that the water absorption of a material preferably is no
more than about 4% by weight as measured accofding to the immersion test specified in

ASTM D570, and preferably is no more than about 1.0% by weight following extended
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25 wei ght average nol ecul ar wei ght may be at |east 1000, preferably 1000 to
about 1,000, 000, and nore preferably 5000 to 800, 000. In preferr@d DEC 2005
enbodi nents, the polynmer adhesive conponent of the present invention

conpri ses WO 934426820 e hydr ophobi ¢, thernopl astic, seni-crydCAIY50R&138%hesi ve
pol yner, and nore preferably one or rmore that can function as hot nelt

adhesi ves. As 30 used herein, "hydrophobic" neans that the water absorption

of a material. preferab re than about 4% b wei ght as nmeasur ed
accor di ng ¢ BipR @nfi?ﬁ?@r&é%@s‘w gﬁ@eﬁf &teTR SprirgySiaH me" ah Bsegrheredp % i s no

mor e than Monbed e 3/002682

e Usoal 1o la‘éﬂf ﬁ‘éﬂe&*ﬁ‘? R spbritulifle ARGE, Riﬁﬁ%@gﬁém}:@% talline"

"as used hertgmperafiey 3c, whnckwl @emublc foraapididel elshbitrashbonding/epeattionsat behavi or,

e.g., a sharp.c staII| |n enpe ture ich is desirahle for

rapid devi c@ﬁ?ﬁﬁ%‘t‘ﬁﬁét“@ Elilﬁ §rtg‘"t?E i aﬁmOf@WﬂépﬁgﬁP&hwww&t ling,st

‘above 4 he T, ﬁi&ﬁcm&rm@&smemﬁu@ﬁ m&@@rloﬂ@mgp&w&hﬁ ibh B g‘éuﬁeﬂeﬁgf K€

materials o he i nvention al so show a glass™transition tenperature, cl’g. See,

e.g., i amg.gRPQdiai, Priesiptes oPEolymmerizaton GecosbEdiicn Edohn $Wiley & Sons,\Wdvey &

Sons, New York, 8 5 and 30. The Tc (crystalline nelting _

t enperat ure 8’3( &%@g}?ﬁ@]}g%ﬁ %ﬂl%‘qsé(?t he tenperature at which the liquid-to-solid

phase transiti onTﬁ@trer(e%y;;talhﬁememgvt%ﬁ%&akm aR A TlrSi )%g L Pera&re at

sem -crystalline polynefs there is a hysteresis in t e solid-Tiquld phase

t ran5| tion WU@béh@lllqﬂgddn-sohbphasmuanatlum escurhimoseghi-onjtalling poliymessp pinoaohed,
eatin (th I d-to- uid,transit.i . . .0r. coolin t he

I i qU| to- 558 ?%ﬁlﬁg? P?lé'ﬁlefsﬁ@f% 15 a@l”ﬁﬁ?“ﬁ’ﬁﬁlﬂl ‘%’Ig%l q"’l‘iﬂ%?%ﬂ"é Tg) "

used her ei rﬂdp'énéi%fg'omﬁe %ﬁe?&uk?fﬁ?@uﬁgﬁwﬁl‘éhﬁﬁ§hﬁﬁﬂoh&’he@ néar B&Wné"{‘ﬂﬂg%o@ci to-

tenperatures) at which a second order phase transition occurs. Above Tg, the

pol yners 15iguid tragsition (T IB)()L i epoling Kthe liguidetoesolid| teansition I(Ec)de ['GlassT Grankigpn ar e

conversely Jard asti.cs.tha ave like ) of a given
ol yrer - cantaaPeralees LB SRS Rerned 5 Be iuahls CumalliarruBl ol of
scanni ng cakefiperatirey) 4t W36oh 4 SecPh@bRler fhhse Tﬁﬂsﬁeﬂbcﬁfry SABHd Tg, tﬁ@?&l@ﬁ{eﬁs
preferably have a crystallization tenperature (Tc) which is sufficiently

hi gh 5 pr ovegeftglded lﬁel?‘lbb?rbfﬁh@@mé% wikke bedpwde theiaresenvessely harderigid2o

t | t nded Yet ,
B M e
t her mal | y- i vediecp of giathede ahadlfrmtmummtgemmmnm@md)eldpre‘fbﬂecuesi rable Tc

thus will depend on factors including the Kkind of substrates chosen for a
gi ven appl i cat i oAbe pgmipgrystaliige pplygers prefsfably baye agrystalifzgtion tgmperature (Tc)

which is sufficiently high to provide good performance of the bonded and recrystallized

et

20 material over the desired use temperature range of the bonded article. Yet, the Tc should
be low enough that the bond can be made without causing thermally-induced damage to
the substrates to be bonded. The desirable Tc thus will depend on factors including the
kind of substrates chosen for a given application. It will be clear to one skilled in the art
that the selection of the Tc should be done based on the desired bonding temperature and

25 the desired temperature range in which the adhesive will be used. For example, if a
polyester-based flex circuit is to be bonded to a printed circuit board, a typical bonding
temperature is usually less than about 150°C, while the maximum use temperature of the
bonded article is up to 85°C. In this case, the Tc desirably is at least about 85°C,
preferably at least about 100°C, and more preferably at least about 120°C. As another

30 example, if the flex circuit to be bonded is made of polyimide, which generally is more
heat resistant than polyester, the bonding temperature may be up to about 200°C, while the

maximum use temperature of the bonded article may be up to about 125°C. In this case

9.



that the selection of the Tc should be done based on the desired bondin :
tenperature and 25 the desired tenperature range in which the a e@ﬁ&@ﬂﬂgﬁ |1
be used. Gayogxpee e, if a polyester-based flex circuit ispépyRexypemded to a
printed circuit board, a typical bonding tenperature is usually less than
about 150C, while the maxi mum use tenperature of the bonded article is up to
85C. In this case, the Tc desirably is at |east about 85C, preferably at

| east abouthelPOGesiAibfy AR RaBrBLEI AI¥E, flefdr@fi§lar RAQUboA2UG CASnEBRBENer 30
exanple, if the flex circuit to be bonded is” nmade of polyimde, which

gener al | y ipseforably atleast abayil§8%ht t han pol yester, the bonding tenperature may‘:
be up to about QC, whi | .he maxi.mum use t erature of .the bonded article .,
mmy be up to abcdt spacrsfalfiv puVREug A oERRIGRHOf ey TadaE stancE

PCT/ US02/ 11,308 thd@crystaliesmtiba Rinpdrau (TepasticR RomEher4h4n thep8ise faidido@t | east

about 140C, and nore preferably at |east about %55.C. The sem -crystalline
pol yméri c temparhare(ky). Coasqqyoethy.inohvithstaniding degelptively lewernks highh to t he

recrystalli i re.(T ' I s higher than {h ass transition
S enper at dhaur ol SEBREGHE ppG6 b rmhliiibhd & Mo R B SinskiPR Ao BT over To.

hi gh  di negemeBkstaslilidiire bf e fIENOO The ingeldH tht aiy3edimirefiodh of @@per at ure due
to the sem-crystalline nature of the polynmer. The nelt of the crystalline

regi ons of SeipecTys@ilinedqrofymen atitheeTpalsg pEavidas a sieepnaseasiy/tgmparagesgradisneep
viscosity/t tare. gradi ent ve . This | eads to excellent flow of the
adnes: ve’ diP g Boni B R FRENEAIR of fis Bl Sy FPRE SPaRERRR Shot el ¢
thermopl astic, sa@ipréfeited AYdiopRotaeRS meR, tHRemYPRENS bemAt stalidet@hésive

hydr ophobi ¢ character, have a reduced tendency to absorb water, water vapor,
or other. polysiaiese, dugrp thein kydiephobic ¢haragtaiehayel aredperddprdenry taaabspb waler.i npai r

devi oo per CAITAAGS: BANGY nBINGES AN B Gl RGeALARDERALBuA NS adhsabYE DOnd

Addi ti onal I'y, drop I'cC naterials re-conpa

or ganophi | idevicd perfbrmyancand/beadvardely sffet eHer sttngmsidhdaedtesivefbohfler mopl asti c,
hydr ophobi c,. . sem -crystalljne polypers include those described"in U S. Pat.
No. 5, 672, 4sditionalyhe hydsoppobic majerds sad do Be mprs coppatiple withiosganophilisi t h one
or ngke ot Qﬁ?" polynmers. Cenerally, this patent describes thernoplastic,

sem -crystaltine adhesive polyners that are 20 conpri sing pol yet her nononeric
units (PE) and [Rattjabarbeprefenedenbodimerntts of Béymogastic, hydroplebi®A and PE

vent! on. SHP PRGN e MU oG B 6. 367 5A0BATOR<! or m a
polymers may be used singly or in combination with one or more other polymers.
Generally, this patent describes thermoplastic, semi-crystalline adhesive polymers that are

20 comprising polyether monomeric units (PE) and polyamide monomeric units (PA). Each
of the PA and PE monomeric units can independently repeat in the copolymer of the
present invention. Alternatively, the PA and PE segments may be arranged to form a
block copolymer such as one of the AB, BAB, ABA types, or the like. The concentration
of each in the copolymer may vary widely depending on the physical characteristics,

25 mechanical froperties, dynamic properties, thermal properties, electrical properties and
environmental or chemical resistance desired in the adhesive composition.

Preferably, the relative amount of each of the PA and PE units is such ihat the
copolymers have a Shore D hardness of about 20 to about 70 at room temperature as
measured according to ASTM D2240. The copolymer preferably also have a melt

30 temperature, Tm, of about 75°C to about 220°C, preferably 100°C to about 180°C as
measured by DSC according to ASTM D3418. "Melt temperature”, Tm, as used herein, is
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bl ock cppol ymer such as one of the AB, BAB, ABA types, or the like. The
concentration of each in the copolynmer may vary w dely dependi ng @mECH605
physi cal characteristics, 25 nechanical properties, dynamc |.es,
t her mal prﬁfg’e‘?%"g@ﬂ? el ectrical properties and environnent alp%é‘ﬁ?s@%iﬁﬁial
resi stance desired in the adhesive conposition. Preferably, the relative
anount of each of the PA and PE units is such that the copolyners have a

according t SacRParSs 8t Vil dslRiaiotl Shach RREEFBENRL PR a S " o
tenper at ur epolimeref about 75C to about 220'C, preferably 100 C to about 180'C

as neasured by DSC according to ASTM D3418. "Melt tenperature”, Tm as used
“herein, is WO 03(hepelyamide wits (PA9of thecppelsort meyoary widelpasd eay aplyamidenhi ch

the solid-t eVl 1 [Nkl O LN Ssem - | ne ol yners.
_The pol yanmi ﬁgkdﬁﬁﬁklgdfﬁ?ﬁﬁ "ﬁgjhcﬁ:%ﬁo%ln gqnlg%y%aléls%ar % aﬂlﬁféﬁ/&b%ﬁnd ans p)cl)l yani de
“whi ch $ncl upely(aphdsitemy (16} Bipolyihéxanieeyldie ddseenidEx@bres/6),ncl ude 5

pol y(caprol act am (I\%I on 6), poly(hexanethyl ene adi pam de) (Nylon 6/6),

pol y( hexaneP®hy(hspame mméapawed@pn(lwmlpreg@ )) polpdieyunethylene sshacemide)

pol y( andec ot a0 ot hexieviBR AL B RR SR ARIAY TP TPl mdclih ™
units with (Nyloniypulylaabslacpin)@Nyloari2) pPelyemidtuditrwids bw molshee RbeESidn

invention to prevent softening and increased electrical 10 resistance of the
adhesi ve cofsddsierrethiqiiye in the gressntinyentipnde ReRvenbypftenmgantyingspases elestrical
parti ¢yl arl : . I i del.y, and
oy pbllyet nSeRUEEER! B a1t ARG pbisdifToRRIHS AN BESY
subst i t ut edpaticuladybsifedred. ed al kyl group, may be used. Poly (tetranethyl ene

glycol) is particularly preferred for use in the 15 copol yner used in the
adhesi ve conposi &H%HOlé’FthFh@gHFé‘%g]rﬁ) max s YR Wigelyapnd I%H??heﬁr"étf‘%h red

copol ymer f gin ki€ a bRt NR-a5NRS I RichR hibdtlied BF GE&MLith jon is
shown bel ow&lgnn Forarr?flla [): O .Odﬁl T%IQE%RH% F%?(()’PA??CPOBE PEgﬂ-i%lt n\&anwwr ein
PA r epr esengmug, may hansalie Polyn(Grmeniethyleriet glperd) Bpartemiakepre red for wysetim dre
15 copolymer used in the adhesive composition of the present invention.
A particularly preferred copolymer for use in the adhesive compositions of the

present invention is shown below in Formula (I):

0

o

HO {® (PA) C O (PE) Olg H

20

| wherein PA represents a polyamide monomeric unit and PE represents a polyether
monomeric unit. This preferred copolymer is available from Elf Atochem North America,
Philadelphia, PA, under the trade designation "PEBAX". A particularly preferred grade of
PEBAX for use in the adhesive composition of the invention is "PEBAX 3533", in which

25 the polyamide unit is Nylon 12 and the polyether ‘unit is poly(tetramethylene glycol). This

- copolymer has a Tg of about -78°C and a Shore D hardness of about 35 at room

temperature as measured according to ASTM D2240. The copolymer also has a melt
temperature, Tm, of about 110°C to about 155°C as measured by DSC according to ASTM
D3418. The preferred polyamide/polyether copolymer used in the adhesive composition

30 of the invention has elastomeric properties which are important to provide flexible bonds

to substrates such as metals, glass and other polymeric materials. The copolymer is
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mononeric unit. This preferred copolynmer is available fromEf Atochem North
America, Philadel phia, PA under the trade designation "PEBAX". 0ALEC 7005
parti cul aylyoRERker red grade of PEBAX for use in the adhespyprgeipag t1on of
the invention is "PEBAX 3533", in which 25 the polyamde unit is Nylon 12 and
the polyether unit is poly(tetranethylene glycol). This copolyner has a Tg
of about -78C and a Shore D hardness of about 35 at room tenperature as

measur ed apeEdbRGDrE@nfRINE BARAN e b RRRA!IH AR anfuf Cof@buf60%! th abb g H0es at ur e,
Tm of about 110C'to about 155C as neasured by DSC according to ASTM D3418.

The pr ef er brwvepghtybasedien e tptal Amoupiefdhy pepolymediandra takkifedépreventcwhighds ti on -

30 of the i tion has.el ' ] ich.are i . i de
Frexi bl o bimaae Bhotpsrierel HETelT o SRRl orylledatiile eRBPOHAP kel ' ¢
mat eri al s. inVbgliGORALA®T thie%ogélly_rﬂéﬁ 9} HQRES 19 aBodB500298Rs/cRGET 26802/ 11309

preferably present in the adhesSive conposition in an anount of about 60%to
about330% by wéi whde, vapigtyeef atherthermapdastic aryswephobic, semi-crystailjnegol pimersalso
tackifier, if . present, which . s tdesc.ribed el ow. Tq)e eel .strength of the
fully Tor niesbEdSaRLGe PEgniBRenion AL Say of i remmtiation, Repirssriative

copol yner, eXamples £6f@bledemi-er@elihe pAYMEFABIEEEtyletifethy? abryiél@lyéalyl ety of
ot her thernoplastic, hydrophobic, sem -crystalline polyners al so maéﬁbe used

in the premetacrlgte terpolymess avadlable fragn EllbAtochemdhartiAmensa, Priladelpbia BAi ve
exanpl es of bt abl m.-cr al ] i ne pol rs include ethyl / et hyl

cor vl at of gryER YRR RuBR R LB BEHTREYER PP s S RO PR U, nor e
Anerijga, POhemdtalsp Diminddi, OHBRgdet i ke M BN ATHENB.IM HUndciyéneahfiacr yl at e

terpolyners, available from Quantum 10 Chenicals, Cincinnati, OH under_the
tradermar k &RRMEMEDIMROaAKIde tpelymersavaipble feony DaPent @ompan yroMdmington, DE.

t er pol yner vai fn 20 W | m ngt DE. .. anpl es |
I ncl ude se%tr?eé r%él(é‘ﬁﬂe?il%%'?dgoﬁ%{%r st ‘%@%E{Cﬁy‘@ﬁg%‘ﬁﬂa??’i"é%d‘ﬁ%‘rﬁ‘;é?@y(‘ﬂéﬁ%,

et hyl ene véthylena@aiykheetateQholyuirethaas ehol yrohide, pol iutere0 hidpblgeger. and pol yester .
The adhesive of _the _invention conprising a sem-crystalline thernoplastic may

15 further incl d8eadhasiaafitheinventiomeqnaprising hsembtighiatling thermaplasie mpYand
enhagge pegj g [)fﬁ?do% tabllner W iflehNEE t&{gpﬁé&%{r R Sod B dnfthiee f0BYadiBGEAT 1 €7
e Wt e a y be

that 'Ts conpati sem - cryst I ne thernopl asti c pol'yner na
used. For tohewpdeafange efisubstpate mmperials. nAnywdckifier ieat Secompatibde edthitiee pol yner is -

a pol yam de/ pol yet her copol yner as described above, useful tackifying resins :
i ncl ude r o$M Y weé%ﬁtrgwﬁaavﬁpslameém%ﬁ%ﬁl-cgwe e ARIERD emppiment e

desi gnat i 0ggichIhENEH-¢rl5taRine oYy m&EEAoRRAmiddIPEHOIer cSRWheEE deSHva

above, useful tackifying resins include rosin, rosin esters available from Hercules under

20 the trade designations "STAYBELITE 5" and "FORAL 85", phenolic modified resins
available from Hercules under the trade designation "PENTALYN 856", terpene phenolics |
available from Hercules under the trade designation "PICCOFYN T", from DRT under the
trade designation “DERTOPHENE T", from Yasuhara Chemical under the trade
designation "T 130", from Arizona Chemical under the trade designation "SYLVARES

25 2040", and from Arakawa chemical under the trade designation "TAMANOQOL 135",
terpenics available from DRT under the trade designation "DERCOLYTE A115",
terpenics of alkyl aromatic hydrocarbons available from Hercules under the trade
designation "HERCULES AR 100", terpenes of an aromatic hydrocarbon available from
Hercules under the trade designation "HERCULES A 120", terpenes of hydrogenated

30 DCPD available from Exxon under the trade designation "ESCOREZ 5320", styrene based
materials available from Hercules under the trade designation "KRISTALEX F 85", and

coumarone indenes available from VFT under the trade designation "B 1/2135". Of the
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avai | abl e from Hercul es under the trade designation "PENTALYN 856", terpene
phenolics available from Hercul es under the trade designation " HB-\?:QQYZMST“
from DRT uw{iﬁsége trade designation "DERTOPHENE T', from Yasuhara Chem cal
under the H00ge2 gnhation "T 130", from Arizona Chem cal ﬁéqsulz/ﬂgo?r ade
desi gnation "SYLVARES 25 2040", and from Arakawa chem cal under the trade
desi gnation "TAMANCL 135", terpenics avai | abl e from DRT under the trade

et et Dyl e SR B o s B

t er penes ofpaﬁcrﬂmmatafmdmy drteaadifier zﬂyyabd; pibb@]tfiﬂ aWidéiRings o€ SorbeA@stidn arldr ade
desi gnati on_ "HERCULES A 120", terpenes of hydrogenated 30 DCPD avai l able from

"Exxon undersShorld bg @E@@é&libWQFPBﬂY"ESMC@BWOU@Q Sﬂl@ﬁéldﬁé@e@hﬁﬁw erials
| abl f
oumrone iSRRGl ERa HBETabILE 10U A ERUORS b bl o b et w2085

" O the - 12 Tatkilyngaoshs NeQs€ral ﬁﬂﬁé@&sﬂﬂhtﬁﬁ%ﬁlﬁ%&n@bﬂwﬂngﬁlgffﬂfmao RBO%)| | CS

are preferred and SYLVARES 2040 and TANMANCL are particularl referred.
The tacki f iRSF ferallly goyt pQ%e Ry Weight b@redieomaﬁg@abwewbhefeqmbmeaﬁgd tagkifier shoul d

comost 11 orPtey i irfe SERRIKEREJoRBH THELI b YR B Lboblrl 8 Sackcifer AR
about 20C. sﬁoiihicﬁe iby)unmlrt@sbmowe, dnsld§ rlost prefelwalpIaBsmr’ltll nvention in an

anount ranging from 40 to 70% preferably about 50% by weight based on the
total weight of 6d¥)‘€?;‘iﬁ%’?ty8frﬁleﬁté’6klrllf F@}ducéY%g'B?&mPWnﬁlﬁéﬂaé’d‘PFe‘ésP@é“ tsnposi ti on.

The rgfio Q-)Ieé’éﬁ dﬁw""?‘t’“&%%?{era %ogn}scgggdtnfs ‘fihe”ﬁ)éerﬁgae \jihﬁa&’ésgntgﬁ}rea%{%&eﬁ&@s 1 to

about” 0. 5: I"s nost I e rically
conductive 1fxclluklemerrdtpamcwsscomposhe pasiitsicontaireng @ n@dt:ﬂ@ommpfdrmed oncduotd vfe

adhesi ve co i tions the nvention. R nt at cl ude
metal parti gﬁ@élc Qﬁﬁ%&& P r?élralr’g&‘fslé}éﬂc%rﬁoif 25 8°rﬁ’lé"\él §- g@g&[}) l‘eﬁjtr?c&ﬁ}‘reg on a
core of sughahédeMh6paratibsdr SihotutRs A i?l?é c@ﬁ&@étwe?@hﬁﬁﬂ@g {(@bonCer amc(s),

glass, electrically conductive nanoparticles or nanotubes, or the |ike;
conducti ve hdmkyntan&mnrgapabmlns bbmabivat omst cfi thcswgarphlrhbrhkbeSpe@ﬁquaplbmfs of

th dt k fi . f 15 t abl tal ti
par 11 5. R TRIEL RS 316 PEF C TR RIPHDB O P M HURHY® FEREAUER & i pum

silver, copfigfel, a{lhlﬁimdn‘?%ﬂverg@epfber ﬂnnfeadpécﬂﬁ ARENp1ARRA, Coban @nd hi%‘ur alRiyk 0y'S
‘(e.g., solders) optionally provided as conductlve coatlng on a suitable

core. El ect(eigeedol rS)thmilm prevngaql 2% @b@yﬂugtlee adatmgdmarcsuitablg dore. (Electripally  Nos.
gl gg?r ?Sgl ?@dgﬁﬁtg\%&a%?c és zgf,tafr@l ggcrl fedsngjbtsaqla‘? ﬁos%ﬂ%'%&la)éd%\%blégl €
Examples of suitable commercially available electrically conductive particles
20 include solder particles such as lead/tin alloys in varying amounts of each metal (available
from Sherritt Gordon Limited, Canada); solder powders available from Indium
Corporation, Utica, NY under the trade designation Indalloy; nickel spheres available from
Novamet, Inc., Wykoff, NJ; silver coated glass particles available under the trade
designation Conduct-o-Fil from Potters Industries Inc., Caﬂstadt, NJ; and metal powders
25 available from Technic Inc., Woonsocket, RI. Electrically conductive particles made with
metal coatings on polymeric cores are also available from JCI Inc., White Plains, NY, and
from Sekisui America Corporation, New York, NY.
Other electrically conductive fillers also may be used to provide electrical
conductivity. Examples of these articles include woven or non-woven scrims or fabrics
30 comprising metal or metal-coated fibers, or carbon fibers, or porous polymer films that
have been metallized, such as those disclosed in U.S. Patent 5,604,026. These articles

may be incorporated into the electrically conductive adhesive of the invention via
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20 include solder particles such as lead/tin alloys in varying amounts: of -
each metal (available from Sherritt Gordon Linited, Canada); solldeBE(pgysers
avai | abl ewfg e¥mokesdi um Corporation, Utica, NY under the traperges asgti on

I ndal | oy; nickel spheres available from Novanet, Inc., Wkoff, NJ; silver
coated gl ass particles avail able under the trade designation Conduct-o-Fil
fromPotters Industries Inc., Carlstadt, NJ; and netal powders 25 avail able

f r om TechnjagnihBGen or\ftgommkgeﬂm efacmcﬁhgc‘ebﬁﬂmhb Yirt€e Gt thy @diRa Vel confsitBEe
with netal coatings on polyneric cores are also available fromJC Inc., -~
Wite Pl ai Aéusmheramtheftpﬁm 'GERTPSTACNNED |, Bbrebesenes torthe Felathe placsiment pfthe ot her -
el ectrical r e

conducti vi {:%nd?.l%ggér:%f]%ré%n # ﬁ*&g‘%""“‘?ﬁ? é/ctl?(? I:[J§(§&i‘as\§/\‘/t%vc[e&n Sﬂﬁ)ghln%&)'{l/%%ﬁtgé?l ns or

fabrics 3partelesicisbaglaced il adHesm”et:adtaaO.ﬂmlgdoﬁﬂeB%&l pliced avithom pladedr s, or
porous polynmer filns that have been netallized, such as those dlsclosed I n
U. S. Pat enpargallywithing m#@é@@lﬁ@@@@%suw 0b&hq FRIBPQsi: déxammrles @frerims

el ectrical 07
bec 2005 BEABIBPE Hifs AP ot el <biteg sEMEF L Alhele dhaed effidt PRt
conduct i ve"@ptimal" ¢ros TFPtIhe, Nd%arg«heNQerpom tion. As used herein, the term
“incorporated into", in reference to the relative placenment of the

conductive fil | &PgameupiRf e&qqtqleqlgrscomwp\feégfp}g@glstugechw the RARGSINE COTRMBLIONS on,
t hat d
eSSt o e A L3P0 PhaRetnkD TSRO i W BORLE

surf a@e of thelintendepasl useo For Exanple efor ftersonnerting iamixixitle crranbtma élrdamrbo&ﬁd i ms

or netal -coat ed scrl val ab r the trade desjignation " mat" from
TFP Inc., NRGAHYH ?ﬁelaﬁhgﬁi "g?e‘"%fi’é‘é?tf?l&%lpf y%&m&%&m&&%ﬁwﬂtw% used
in the adh RerTP&ﬁ | nge.

The pr.ef erlr% g\fgdrrgunt S g\%&[ﬁuggr{fb\fﬁétt? Eg @%ﬁ%}%]gn%&hq 5 ly r?cgilgrrp | e,

for inter cmnelmtnemj ebcctrhcmﬂytmbndmtrveumatemds based upon thdwéal dobumé of thel | qui d
crystal d|s CD), wher e ani otro . .z-axis electric conductivity is
e red. CHRPUAATL ALTBRE ey SORYIRE {7 iskinEres PSR AR BB D Fr o 1
to 195 perCﬁﬂfgromﬂm@% e&’fcu@\hﬁ%ﬁrtl(iélh'hﬁat%ﬂ@%9?6ﬁ’e@ediﬁ§n%§n@héu@&fé‘r&‘nd&pon the
total vol une of the corrp05|t|on Al'ternatively, in bonding for shielding or
groundi ng GPEDi &bmldlogsthesgmpoagonﬁmﬁ:oporgnmufnvnrigtoaBOpnmmp@&rablwcfmm boatld to a

neat 51T, 9% ik HRTRR 5o R St T BATEe b o con
by vol une gdifipdsiticial nfthiz@ask) aid ea@ctﬂemgr ¢®Hu&ﬁ%&ﬂat¢ﬂ@ﬁn&§'@oﬁx@h§é a ¥YSiduggveof the
material besides or in addition to conductive particles, e.g. scrim, flake, fibers, etc.
20 Electrically conductive particles of the present invention may be characterized by a
variety of geometries and-may be, for example, spherical, oblong, acicular,
platelet-shaped, flake shaped, dendritic, irregular, rectilinear, combinations of these and
the like. For applications as a component of a ZAF, preferred particles are substantially
spherical.
25 The particles may be present as individual particles or may be agglomerated,
aggregated, or the like if such aggregations or agglomerations are not too big so as to
impair adhesive or electronic performance. In general, when the particles are dispersed
randomly into an anisotropic electrically conductive adhesive composition, or placed in a
random pattern on one side of an adhesive film, the ratio of the distance between electrical
30 conductors that should remain electrically unconnected to the particle size should be at

least 1:1, more preferably at least 3:1, and typically at least 8:1. In practice, there is no
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conposiftion. In this case, the electrically conductive material nmay conprise
a conductive naterral besides or in addition to conductive partrq}eggcq(g
scrim flake ﬁgrs etc. 20 Electrically conductive partlﬁgﬁﬁ{gg t he
present in gn(P("B 8?ray be characterized by a variety of geo SR - may
be, for exanple, spherical, oblong, acicular, platelet-shaped, flake shaped,
dendritic, irregular, rectilinear conbinations of these and the like. For

appl i cati Or]%g?%ﬂe l? e(r)e J]Bft?}gd&BZAFbcRJe%f %[ecgtcapca:‘(al;[ é)l?s th%{ ?e.reﬁihjgs'[ antially

.spheri cal reseft "4 may be

‘aggl orrer at @sﬁbctrlc&ggl’tﬁrgﬁﬁr&dtedpﬁs dolnq)aked«@ thé paticle siggr egati ons or aggl orrer at i ons
are not too big so as . to inpair adhesive or electronic perfornmance.

" general , when tﬁ%hegawmemecastam@ et wesayasdiasent GORBEIOLS, hﬁ'fvévednlsa}wwtqﬂdpl c
el ectri cal I¥e Bﬂ‘t{&ﬁz;h\égsquQﬂﬁc}h"&nlgggﬁ’&tﬁh@it?m tt{ér Bl e tfi@é]n&q}ﬁ tern

on one side o an adhesive fi rati o stance bet wee trical

" 30 cofduct eoadudtiat pahieldsdre plmidnoreb ecimo dalddhesine ﬁﬂ:ﬂﬂ@ﬁ-ﬁﬂ]dbﬁl paverm et fatibe
size should be at least 1:1, m)regpreferably at least 3:1, anpd tyﬁll cally at

| east 8: 1. AR bplqarthan tht"hfé’FéhchéS% TApr o Ret b toaging, bicstifleterablyrigher 111309
limt on thg UPﬁ’eFoFﬁ‘é Qe 5#}@%@53% Qgét}’i@zﬂ%tgl'c%glhﬁl%@fngcaofﬂrg}lﬁrrﬁn& t are

to remain electr unconnec as conpare e pdrticle size

m ni mum di &taonemhbtmpﬂnclaqﬂaemaht dronghiced etlest,romoweviees, thesrepetdnt pattiele!syze

rel evant for the case_in which only conductivity in the z-axis is desired. If
the el ectriltd tpgraxm;ge(géﬁr@gb@bqyé2lyyprqngqtg§ t%?@%ﬁﬁd’é‘ﬂ“%ﬁtﬁrsor into the adhesi ve

in ajgon-random § '
randogt particle \ng%lﬁrﬁlllbte ?‘eagﬁ(infk pre?@éh‘?%ﬁﬁt}féwg&ﬁ a%EI}SA}ECIE?I‘I%he case
of maki ng anizoawpisaly eiecttncaib,l candtretiveomihesive oempgsidoZ Wil alléva coadutons toobe

non=r andom r icle P acerre t, i.&l tmi aéw#ect n| C devices, the resultant
particle siPZ&CCIPFRIOP e withopt gk 9 S‘*Ze ETHRAIBleEcOnhectiogs peigg

m cronet er Sormidd, W&' Us® off kmiildrlpaltf16d 88 inkRa®RahS Kire! rBghitdl thhfal@ dn hdtfical he use

of smaller particles in an nisotropically electrically conductive adhesive
conposi ti ofvond bincamasnedieaidamust Sowmuef thsl veaelk forsredeatticod ebytat:mgatbhemadm t hout

k ,qQf t I t f d
ral 18r pareruieEeedeBg ofsnduuote TRBR Wt Rooner i v PR IO Ve
‘bond since sEPEﬁ%h AEBLHi ViR adBhS thellhi@usiPeksible paheclvPallRIIYahE kBRductdrapaciRnt act
tcan be nade Smal | er partlcl es al'so result in a thinner ultinmte bond

| i ne, whi cldesign arecpreferredn Foopasticleagiregetes on gwtomﬁtﬂtlotlhrthe sisaobthe aggreghtar gest
poss! bl . Pag L e U Bl FEY R BRSOl PR AT 8Bl o
platelet shaped particles that tend to be oriented with their major surfaces substantially
20 normal to the z-axis, the thickness of such flakes or platelets is deemed to be the particle
size. ‘

In the practice of the present invention, particle size is determined by any one or
more of a plurality of methods that shall be obvious to one skilled in the art, including
analysis of micrographs of particles or of particles embedded in adhesive, sieving particles

25 through screens of a given mesh size, sedimentation techniques, and light scattering-based
techniques such as using a Dynamic Light Scattering Particle Size Analyzer, instrament
available from Horiba Inc., Sunnyvale, CA.

The use of the organophilic clay provides numerous benefits. Firstly, the preferred
semi-crystalline polymer(s) interact synergistically with the organophilic clay component

30 in that the preferred compositions demonstrate exceptionally fast bonding and rapid
development of high creep resistance and peel strength. The improvements in the rate of

recrystallization, creep resistance and peel strength far exceed expectations. Indeed, in
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or aggloneration, as the case may be, is deened to be the particle size. For.
fl akes or platelet shaped particles that tend to be oriented wt B 70 &i 2005

maj or sur f@easoerest antially 20 normal to the z-axis, the thicgkmpasgi@b such
fl akes or platelets is deened to be the particle size. In the practice of

the present invention, particle size is determ ned by any one or nore of a
plurality of nethods that shall be obvious to one skilled in the art,

I ncludi ng  pReRkE lemboliméntd GdmiitopRfallp @ldctrid8Y condwitiveadhéssvedsa BOREAGasE i n
adhesive, sieving particles 25 through screens of a given nesh size,

sedi ment at il#deiachie resndsanidh rapidly develppest bonsl Beeosth and<aeap goisianes bding at
ava Danl o femkSuicfell g pabe b uleBbléiif RpSveIaERSn e ublRbes | ) oy

provi des nuyfreinIhdHeehbdettingradiRbivy sydtbas prgaielin exkess 61120 secpatiald bhord and
pol ynmer(s) interact synergistically wth the organophilic clay conponent 30
in that thEups:cindhe deseasheloe organeclay Fempprentethsanisptrppisally gleftisallhondi ng and

rapid de"e'c8BHFJE{ve%fdthtigé“%aﬁrb%e@onrd)@/&Ezgﬁ%.@%{:%ﬂgn BESunC ROt e ond

I nprovenents In ther recrys i'zation, creep resi'stance and pee

strengt h f atregpbasgits dxnee iebuiththoutsweRds vi.vecdikls WnlmiteH?2 ofPthe erddpC 2005
PCTI US021113Q9 preferred enbodi nents of anisotropically electrically

conduct i ve Tedsfarge is substanbiaiy lewer. be made in 1 to 5 seconds with rapidly
devel oped bond %B@é&gﬁééﬁﬂtagkﬁcﬁ{%sfv@%b 306Gno6H Eﬂg@ scnl{ iﬁ@éritio%‘gak'd\%ag to
i'ng M5 | n some applicatl er

repl ace sone thernose adhesi ve syste ons in the

t her rgset t icrgepadiistahsecashigh aBome ot vieationnl eheippsetdn g polyaeennisaddiridaasd and 5
cure. In the absence qf the organoclay conponent, the anisotrqgically

el ect ri cal gechapisal éabiliy, erapp sgsitancg ps plso pespaiated; with glectsicalestahibipy ofdheunt of |
time, but ' . d
| me u tei&gjgcglﬂ? coﬁﬂﬁc‘?ﬂg%Hhéﬁ#@@oddo\ogﬁ{splg%b@%ﬂgﬁgF%P%ﬁfa(l)%es@?ﬁgf‘éez%grﬁgCOn S

to m nutes), he creep Tresistance | r. t he
resul tant adpresiof enbanpdsietp oessstarice trhighpbesgrited wient dancorgamophilzvethpjs addéd
creep resistance, as high as. so onventional thernosettjng polynmers. In
addi tion td&° %E?Fa?h‘iec%gﬂpé’?%m fﬁfﬁsws%ﬂnvrgg?@f%é@ qxge%‘ieg&nﬁg‘é%té,’?%@"ed with -
el ectyisi cal j ek ' ' ' Y

pl ace1 undg'?b %%:thde{{rﬁlgg]l% aé{?ﬁggltﬁ%dﬁsg%s%%n% deg?ggyﬁgﬂgﬁﬁ?ﬁ%gégggggp h

r esi st ance fadt ponding aed pecipetly heslom sudr ijgn orslep Irésistarcayis a sreantidos advastage.

LGN RN TS E N S P R
to achi eve cBasitions of the present invention, and the accompanying fast bonding characteristics,
to be used in the place of thermosetting adhesives that might not achieve bonding as fast.
20 Over certain ranges of concentration of the organophilic clay in the adhesive
composition, it is also observed that the addition of the organophilic clay provides
adhesive systems with dramatically improved peel strength as compared to the same
composition without the clay. Thié_signiﬁcant benefit is surprising, because such
improvements are demonstrated when the loading of the organophilic clay is low. Such
25 improvements are also surprising because the addition of hard particulate fillers can be
associated with an increase in modulus along with a decrease in toughness and elongation
to break.
Because recrystallization (i.e., crystallization after a heating step sufficient to melt
some or all of the crystalline region in the adhesive composition) occurs rapidly, the
30 adhesive compositions of the present invention also can be fusther processed re]étively
soon after hot melt processing. Thus, for instance, laminates incorporating the adhesive

compositions may be die cut soon after bonding because the modulus of the melt increases
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fast bonding and to rapidly devel op such high creep resistance is a
trémendous advantage. In applications in which high creep resi st 87q¢ i Fos
needed, this allows the thernoplastic conpositions of the present invention,
and the accWRPaNYI68y fast bondi ng characteristics, to be usBEIUSFHEID] ace
of thernosetting adhesives that m ght not achi eve bonding as fast. 20 Over
certain ranges of concentration of the organophilic clay in the adhesive
conposition, iIlis al so observed that the addition of the organophilic cl ay

provi des ad®pdiyatesjaminggdoni Natedhatrie Feising yvaulppaxeda bselelayed farigongess
= dt ition i h . Thiss. sianifii benef it
o o pri o rhsnog I Sibe AR ARMCP MR 150 el s IS SR R e DT

- -the or ganophsutface @tRYWf it ddBukiveSdahpidBiretiged a¥erBoiding hecahs@ed i PEdBparable
because the addition of hard particulate fillers can be associated with an
i ncrease i n adbeRiyusystamAwdomithort eakr ease in t oughness and el ongation to

‘br eak. izati ' 1 izat f ti t
sur 11 ciont to. mel gL g B Bepopfa by RS s bER AR dE el coP e
CoNnposi ti on)inefatbA beded lthe the ivopidtid EBESCME tLRNERS ik AFSandlthé b aRs@ERAT :

i nvention also can be further processed relativelé soon after hot nelt
processi ng. ciaugsulisdrecaussttbmerganophiliheley pravidesmysleatiomsjtester fadisesi ve

conposi tion | e 0 r ' ause t he W us of the
melt incr ea?g@%ﬁig@# ?ﬁg‘g ﬁﬁ&&y%lﬁ‘g/pg%@gg B%?ff@ép‘imﬂg{ag&% l|8g'dl y after
| am nati on. R&RFRtdlladtiofiHas bedrt db3ervéad ScdvdvituchGndte raiBYREoffpared tb OfEeWise
period for otherwi se identical systenms that lack the clay. It is also

obser Viéd t hadentigal cosmpapaiine qompesisions skingibe prganophihaplap! Purpsisingb taef t er
bondi ng as ¢

Wi Lo ot wieahERgates B RERA R YR as RO P S SRR Bl ¢ nuiofiy o1

I nteracti on dpgi, eRBstitiRdifoemeRpganbhitic TRy, -Additdmdllyl 16s Belleys@ tHabtheals t he
organophilic clay results because the organophilic clay provides nucleation
sites for fasewdes sustaes sifes|fpr adsormsionsd theeolymgt metagylegiof thecadbesivenand dae [owi ng
hot nelt pr ' . L ' ch nore
api dry ao O HEREdnisofGiiE SRhHsidr e Sy 18R eR e BRI Gin s BEGH]

| acki nig t he congaitiophl dphericdl @YlersQelgRrsilidangl y, the enhanced recrystallization
rate has not been observed when other clay, eg%.,.hydro hilic clay, is
Substituted for tAestdlyHR8pler advaplags. prefeed cabafingents of the PESPRtdyERtionat t he

i 010V SRR bE RS EAPLAED - ARl R RE e e
ef ficiently thewdabdrsthaeharptesttEn vention reduces cavitation voids is not known with certainty, -
a rationale can be suggested. Specifically, it is believed that the improvements with
20 respect to internal strength in the melt, recrystallization rate, creep resistance, and peel
strength can dévelop so rapidly after the bonding pressure and heat are removed, that with
a low level of creep, the substrates return towards their original position more slowly. It
also is possible that the substrates move slowly back towards their original position
through a low level of creep of the adhesive. This slower process would allow for a
25 gradual volume change of the adhesive, with substantially reduced formation of voids.
The ability of a thermoplastic to achieve this kind of result is surprising, because hot melt
adhesive thermoplastic polymers generally have not been characterized by a level of
internal strength immediately uvpon removal of the bonding pressure and heat needed to
avoid the formation of cavitation voids. |
30 As still yet another advantage, in preferred embodiments of the present invention,
the addition of the organophilic clay does not substantially compromise the transparency

of the adhesive composition. It is beneficial to be able to see through adhesive films when
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15 conventional spherical fillers (e.g., silica). As still yet another .
advant age, preferred enbodi nents of the present invention subst%BE%ﬂﬂﬂﬁ' ,
avoi d the | of cavitation voids during the bonding . ile

t he reasonﬁﬁﬂgﬁm?ﬁ% present invention reduces cavitation voﬁﬁgﬁﬁgé%% known
with certainty, a rationale can be suggested. Specifically, it is believed
that the inprovenents with 20 respect to internal strength in the nelt,
recrystal | i Zlggnina sexbfd sebistafk todsdtoica 06 @, firstvhbpeatt, affer tie gihasieanayde sl tens 0
rapidly after the bonding pressure and heat are renoved, that wth a |ow

| evel of criddpntoipleces Kigsexarnpls, it i Rengficiglferhesable ) obsgrvedheaircuibisages en anor e
slowy. It 1S | . .e. Sl 0 t.owar ds
thei rori giPneBePE3Rt HrBublte SuREi bk £5ER USSRl hadBRL i B 7
sl ower progsfited\diedidt Bdard v af the adhedfveg TR duavay olhe ilcenaY Be aloré B&siBAMighed e,
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thr ough: aanzstte drtfe BRGAE InVerSORTRIS shisatl pldealits 30 Bs kb Mg st 11 300” °°°
al i gning a rzasaidichuasy bahsd igadeahibsebe O¢prae Hf raisndEssisd malitained fser t he

adhesi ve | ayer has been_ put into place. For exanple, it is beneficial to be
abl e to obgiatsrminedeorca Fedafive hasige Feclerably, ther gaverad teshpigues desseibed irhASTNh t he

adhesi ve 2ad | L cUl teol S i t tq the printed circuit board
via the a\éwr'%gqg\a;%i aﬁ%rf] aﬁﬂlil':s(aLt\?anfi/l%n Oﬁgl s?:?xggeésrﬁaﬁe Sésam)re easily aligned 5 with
each other. |nclTid ¢y 6dmpomkan opitelpresesil inyentith ik Aeripédiemt ingiedRmts on
preferably naintajgzctge percen%@fr%nsnb§sionbgf t he coggosition,.in t he
vi si bl e rediomPrising atdeastprecoigangphalic ¢laws Pragpophticiclays apy kneywen andhe Widtposi ti on
~ made wtho t b r Is Lt al . st
550 Lha mareOroSuPRRRRGIad fiay B HmlPRicSu ik ATt bioBpi A DonBlgd iR
i nvention, dfnyle prebémbheendonC THe teemf O gahopRiliticiiygasgnesed @biein, Poeferabs RIS it@n
- may be used inasnmuch as the degree of transm ssion maintained is determ ned
on a rel at ia/@ayguf Bas meapurfagn-podificd 1o epryesl atileashApgrios ofdsenripernitireASTM
the. pr esent T ARrflic s o6 BARARRE R pheHB o a WRGHRSICAHBE RS ©f
example, in one embodiment, a clay may initially have both hydrophilic and organophilic

20 sites. However, upon modification according to the present invention, at least a portion of
the hydrophilic sites are converted to organophilic sites. In other embodiments, a clay
initially contains essentially only hydrophilic sites and, upon modification according to the
present invention, at least a portion of the hydrophilic sites are converted to organophilic
sites. Preferably, at least about 50% of exchangeable cations on the unmodified

25 hydrophilic clay are exchanged with organophilic modifying cations.

Organophilic clays may be prepared from hydrephilic clays using conventionzﬂ
processing methods. According to one illustrative approach, organophilic clay suitable for
use in the practice of the present invention may be derived from one or more suitable
hydrophilic clays, preferably any phyllosilicate or other clay that has an anisotroﬁic,

30 preferably sheet-like shape. Examples of such clays include, but are not limited to,
hydrated aluminum silicate, kaolinite, atapulgite, illite, halloysite, beidelite, nontronite,

hectorite, hectite, bentonite, saponite, and montmorillonite. The smectite clays such as,
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conprising at | east one organophilic clay. Organophilic clays are known and a
wi de 15 variety of such materials may be advantageously incor por &telfl Mo
adhesi ve conpositions of the present invention. The term "or ano&hi lic
clay”, as EREPALF¥in, preferably refers to a clay that has”%‘éfgﬁ 2/11309
surface-nodified to convert at |least a portion of its surface nature from an
hydrophilic state to an organophilic state (preferably to a hydrophobic
state). For j 101: QN i : . Y 4Nt y. have both
hydrophilic f%lﬁ 0 g"gr?SfSElu‘ﬁgi ﬁoﬁﬁytﬂg%ﬁ%’%\%@j b%%nﬁleﬁ%%ﬁog #t%’aafnltaon accordi ng
to the presemntmorBoiitecire pafferteghst a portion of the hydrophilic sites are
converted to orgapophilic sites. In other enbodinents, a clay initial {#

&i ng

“contai ns essent i aFPrdRIsd SeRtbe ARy Whichiraay b etilizgd as onp af thestarting mates

to the pr e3fite .r&\éﬁ inrﬂionaaIre llﬁ)@é grhgcfhe vE ibgéh 9&&9@0@1 rlﬁﬂﬂk@k&h&iﬁh@? aft! €

converted to ordanophilic sites. rably, at |east about

“exchan@eabl Suitaiile emsctine-typecciaysrave tHose o hidh layd aaption &xchahgy capraeite vt itdeagedOow t h

organophi lic nodi fyi ng cations. anophilic clays nay. be prepared from
hydr ophi | i cnuﬁlléggwa@pﬁén@aﬁmht%gi perpf%&ré@ﬁ RECIHEL#OtYS. bapisk oY ertRgsmisstitsne

illustrativ ] b I . . ctice of
the pr eoent CERyEnera puBbARRAG e pil U AR W Blnind S of NEelhETL L 17
cl ays, pref bembhiye amysipiigt ¢dlogs. | Ancber saitablt keampledy htdwatitehehichris aswshingopi c,
30 preferably sheet-]ike shape., Ex |l es of such cla i.nclude, hut are not
PPt ed o, Mo IS Sl TRLFBCCis SN G DAICAHIY GPPEreRp e

hal | oygite, ' i ter rQpni : it eThi i Al ite,
and magt o P aapah FnBPEe el fudy B R, TSR b See BN SR owEARRE
exanpl e, bendghy 4 eationexchaonge reactipec Adterativelyetieiclay, candwtconiventsd todhosodian and
nmont nori | | ort)i te are preferred. 'I‘;H&a&roﬁzfﬁrre snectite,clays which may be
utilized as!YHeVi3AnARReS Leachigy uhle sodipmqemporRdent “i nvention are those

whi ch have been f4 Lol i 1 g Lt abl e
Smecti 1oty ol SHRERLYBOARYY pidpliet EAftné ball] GaR il be Millized Suctlit 801 &

Ibeast 50 mi :rio:nequliil\}wmnb@t?ni'@qb?idalébglhﬂ;tqrim,.s)apqyétc, a@@stgvatsﬁecﬁuwlcmyls,l(mﬂti ve
. Us \ . .
ocour 1ng. VBHFRG Tt peBiaamis fGenbEh bR T/ LiR oS- TeR) Nosanor her

sui tabl e exappkaoRss Bes197;i3 852,485, 81344379, 5984 bTHB, 6NBONE S| 666:407 BiSBEUTS;

silicate clay. The smectite clay(s) are preferably converted to the 10 sodi um

formif thepndBdiRdb7already in this form This can be effected, as is known

i h , b ' A ion.. Al i : I b
converted 1o the AP RRAGAT: FORb R kRt Yiatn b8 oriost Rl G

conpound.  of the present invention are known agents typically utilized in the preparation of

20 organoclays and include alkyl ammonium compounds of the formula
R;
| ®
R3-N-R; X
25 | Rs

wherein R,, Rz, Rs, and R; are independently selected from suitable monovalent moieties
of which representative examples include moieties selected from the group consisting of
linear or branched, saturated or unsaturated alkyl groups having 1 to 22 carbon atoms;

30 aralky! groups which may be benzyl and substituted benzyl moieties; substituted and/or

[ non-substituted aryl groups; beta, gamma-unsaturated groups having six or less carbon

atoms; hydroxyalkylgroups having two to six carbon atoms; hydrogen; and combinations
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Snectite-type clays prepared synthetically can also be utilized, f@@ﬂi
nmontnorillonite, bentonite, beidelite, hectorite, saponite, (9 |te

Such cl aysy Eb?ﬁoz(&? processes for their preparation, are dei’grrh%‘%gﬂiﬁ)
97/ 30950 and S. Patent Nos. 4,695,402, 3,855,147, 3,852,405, 3,844,979,

3,844,978; 3,671,190; 3,666,407, 3,586,478, and 3,252,757. The quaternary
anmoni um conpounds which can be utilized in the conpositions of the present
i nventi on aherekfovith thg @addsd b,h|ai atdedsy ond of thz edbstitudnineisarlaear art branched, 20

or ganocl ays and i ncl ude al k nmoni um ounds of the fornula Rz (r

R3-N-R1 X Zgtyratear fpsafuated RE‘Y BUPRaNC %ﬁa Salragiqnn (Rt 1XP %reTP%'if"t d from
bl |
sui tabl e my er@ 357291@%41?@ b@Eo-WEna: r§@fp§§1§r?]'éhﬁn'r?}e’e?¥ ﬁﬁ:@&ﬁﬁﬁe

noi eti es se ecte rom-t roup consisting o ranc saturat ed
or unsaturd’b&daa:lyklyct stgrabwp or llevlikeg | to 22 carbon atons; 30 aral kyI groups

whi ch _may be be and bstitu en, Il eties;, substituted. and/or
non- sdbst i t ut edrg??”)hla %ﬁﬁ%ﬁ g?lcﬁgq%fﬁxﬁwgtgt%gﬁtoé’bﬂ&rlﬁ 9‘%9?‘1‘@‘550?958&
| ess carbo

v ogen;  Ancied nﬂify.d% ApltG AR D B s R BT 30

t her eof ; widrgmtopbﬂmrabw Jsmhetrhrhtcdatb rénaaset exxess whtet hMaaymaturdliyeodcnriisg @als near

or branched ﬁ rated or %I Kyl gro ; and X js the salt anion.
Opt i onal | y 2% ifidhe forg,pka sipck P "*t' %Pe ReTticigghaving,a senseation hetwersy Rlalss o

di val ent at I i ke.
5 Bxchange ary ReChORE SoRhepe %ﬁ%@“ﬁé‘%&%ﬁggﬁ%ﬁﬁéﬁﬁ e, 195, ons
causd® t héelhodidfthatdthe phtjzeld:tosepmnmpmcaﬁaeesf, egmuphte pertiaps taﬂbmbomrtzo The

resul tant precipit an phi I|c c s then dri,ed to renpve excess
wat er . I\/an?nﬁ%{{‘ﬁ?%a%@e%'&ﬁ? Wit P@' if RopRgtiRle withghe af@PQEﬁk‘ﬁBFlaY

pl atel et - shaged RAE blidved tlh"ﬁ‘ﬂ'lé‘%)é &hgeﬂn{g@}gg A Lﬁh‘a ocmcﬁ &?e%ﬂﬁr of

a few.angstrons. As a consequen |ng render anop s 10
bel i eved t It thmdappmaétsbxﬁmawmtpedtaps lemsf,\asstast,ouls squlleumtlnqugmhapﬁhrsen to

about 20 angstro Wen m xed co at th the
or ganophi | iegg%qc%,t e homogeneity and (W spersnon 0 gﬁltelets w1ﬁ1m Ithsca po )rrmer Ilb c\f\feved

15 that such polymer-facilitated separation is one factor that helps enable the platelets to
function as melt-strength enhancers and as recrystallization nucleus sites. This leads to
faster recrystallization after a mixture containing semi-crystalline polymer and the
organophilic clay is hot melt processed. This also leads to higher melt strength, which can
be valuable in reducing the formation of cavitation voids. It is preferred that the clay is at

20 least partially exfoliated.

Suitable organophilic clays are commercially available. For example,
organophilically-modified montmorillonites are available under the trade designations
SCP CLOISITE 20A, SCP CLOISITE 15A, SCP CLOISITE 10A, SCP CLOISITE 6A,
SCP CLOISITE 30B, CLOISITE 25A, CLOISITE 93A, and SCPX CLOISITE 2398 from

25 Southern Clay Products, Gonzalez, TX. Others are available under the trade designation,
NANOMER, from Nanocor Inc.; Arlington Heights, IL. .

The individual platelets of an organophilic clay are typically nanometer sized,
tending to have a length from one end to the other in the range of 50 to 1000 nanometers,
however the thickness of each individual platelet is typicatly 1 to 2 nanometers. Thus,

30 such particles are generally substantially smaller than the electrically conductive particles.

For instance, the ratio in the average size of the electrically conductive particles to the
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sem -crystalline polymer and the organop

surface, it is believed that the polymer can cause further plate separation,
to such an extent that the clay platelets exfoliate or perhaps 8xi i 0%
tactoids swllen with polynmer. This enhances the honbgeneity and di sgersi on
of platel ePO WP the polymer. It is believed 15 that sucl“ﬁ’%T’USOZ/1130
polymer-facilitated separation is one factor that helps enable the platelets
to function as nelt-strength enhancers and as recrystallization nucl eus
sites. Thi saleagssitOof tha W difRAiIYS Bﬁih'c'o?%én'oﬁﬂili@fclﬁ'rplé‘telé‘ts’qs WS ARThahd Ng
ilic clay is hot nelt processed.
Thi s al so | eags from ahauer] temboust0enlg preferabliycl: L tmabdye 16@0: Labl e i n reduci ng

he f ' f ' ' I ds. IF f : h he .cl ay.i 0
1 oast par i al 1y S SGPmER i o b BuRbnTrES Pk cltfrise Sadedrlts of

avai | abl e. &Zfbues anetor BRRQUMY Witk Bheficli désult§.dDEPeHd®RY hpdrohE Hesredule,
avai l abl e under the tra aé@gesi gnations SCP CLO Sl I‘?EPZOA, CP CLA SI TE 15A,

" SCP CL® SI TEsuffisiensgpomit@f thergap s, addgtp iglpeshanee eaBp raisongeTehasge CLO S| TE

93A, and SCPX  SI.TE 2398 .from 25. Sout.hetn_C ay Prod | TX.
Ot her Zm are c%az\‘}gﬁ%aboﬂ ﬁ%ls’r refl'ﬁcreeo‘i%éﬁtéorg‘goéflsg :\'gclr?aé%,i(’eel rﬁ%ﬁﬁﬁ’&%"ﬁﬁ%ﬁ%{g% cor
Inc.; Arlingesy)ahigtt@iTiie. Adgenth® ghideiivdstithladRésdiet@hsostiond prefe@dRORBIubEC ¢l ay

are typically nanoneter sized, tending to have a length fromone end to the
ot her in thiEomzabgut @i tgebew 400pelasahly fdo 2P smorematerally d e abontdRresightof each

i ndi vi dual I I s tvoigal Ly 4 2 nanqnet ers, . Thus, 30 such particles
are gener al %f@ésng gi °n?‘ﬁ%‘?/‘l%l§lﬁ§ n%%f %%S%{i)ﬁg%n ﬁ%ce{‘)télf g’% F8Q%F§°E‘g’ﬂﬁ‘ﬁ§{"i ve

partighes. For Olpﬁbﬁdlge,onébﬁnbaéd@udamm BY Ricograbd i@ thd ddeglectrical ly
conductive particles to the 07 DEC 2005 03/ 002682 PCT/ US02/ 11309 aver age

si ze of t hecamapRpitinge sheopregsmt iyendoryiarasperdancs itk gopyeatiena psadtises ypi cal |y in

The adnos: vECENIRA Eicaiple cRASkarbR Ftivhe, B ERahPS: Haie, s EIA G102, 2 ge

of  amount sagehts, BRticKigans Rhdfhdtants, faygivided) vhewaéided, ahtistasdhdents, Dogeohang upon
the desired use, 5 a sufficient amount of the clay is added to hel p enhance
creep resi serifeEganisiHigiscoppling agents) thegnalbhecangduetive BaigEals cxyimsa £PBhingpRss

gui ot ne. ot pEre, RO et TRANB Y A abilFafs o heh Wb R AORDELT

about 40, pmefeeiatlplagveksdlp affect thodesined pedominnge prapertidsafthelRotwnelginthesiper cent

‘of the organophilic clay based upon the total weight of the conposjition. 10
ipine

Opt i onal | y, CYRREMHONHPE TRRIF sReatie yalieslesiradorsriosmanes i the gondus PR
COmos 197, OF 8 ERSER AT AR SASELNRIES M (Lo AR e
tackifier s peparetibyicoaventicnal maidods, except accompanied by the addition of the 1
20 organophilic clay. The adhesive compositions of the invention are typically prepared by
melt mixing the components in a molten or softened state using devices that provide
dispersive mixing, distributive mixing, or a combination thereof. Both batch and
contirnuous methods of mixing may be used. Examples of batch methods include internal
mixing and roll milling. Examples of continuous methods include single screw extruding,
25 twin screw extruding, disk extruding, reciprocating single screw extruding, and pin barrel
single screw extruding, Continuous methods can utilize distributive elements, pin mixing
elements, static mixing elements, and dispersive elements such as MADDOCK mixing
elements and SAXTON mixing elements.
The order in which the ingredients of the adhesive compositions are combined may
30 impact the degree to which the organophilic clay undergoes exfoliation. Because

exfoliation of the clay correlates to the desired improvements in creep resistance, peel

strength, recrystallization rate, and other benefits, it is generally preferred to combine
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agents, anti oxidants, surfactants, fungi ci des, bactericides, antistatic.
agents, dyes, organic inorganic fillers, coupling agents, thelaEl 005,
conductivewﬁggﬁﬁﬁﬁ% scrrns combi nations 15 of these, and gheudohkEi00
Desirably, any suc adjuvants are used in anounts that do not naterrally
adversely affect the desired performance properties of the hot nelt adhesive
conposi tion, nor, nore specifically, the desired perfornmance of the

conductive lagﬁafeméqn a tEnrve Mar GAciHadk ek fdBalkioh. yrmr m@@g%icm thaBihk e’fi@sibyes of
the invention may be prepared by conventional netho except acconpani ed by

t he additi qmoesss isesalvenslegapropbist 1.¢, 1o ayveﬁrheuwdheshw[erowﬁmucqms lagér t he
I nvention are tglpi cally prepared by nelt mxing the conponents in a nolten
or soft ened®®P¥¥e usi ng devi ces that provide dispersive mxing, distributive

m xing, or a corirxhingle, ﬁl’i@ﬁ@?rfeferﬁ‘@ltd@ pRAER BuitdHle for QBhipoUAdia g MRirb@ets Of

m xi ng nmay be used. Exanples of batch met hods include |nternal m xi ng and
roll &illi rr@mr—Ebsum;ﬂ télgnn@plesimsenumnxst#bnmrﬂ@srvnmoudeersmggneplybr elayext r udi ng,

25 twin scre ru roctrn srn SCrL.ew

oo o ocTig it bty i Nt AR B A5FbRE PREeraRl can
utilize di Sbgﬂebiéhtsvﬂle‘iil@”fﬁrﬂr&, cobinéd Wltﬁl‘ihe 1ﬁhﬁﬂ@.&ﬂ ﬁdhé%t\%td (FBnEhtr\Qltleb&E&ﬂt S,
and di spersive el enents such as MADDOCK m xi ng el enents and SAXTON m xi ng

el ements. This mesiepmpatiblpiapd i m wéuthrgwelbrﬂefnhstedhe miest compistelye I@csmgawsOns are

conbi ned a ree t t he .organo ay under goes
extof 1t i otisgl HrdBE lokiasF cEEPRRcr T kR S R SR APREC b en T ec

| pr qyenentthedrbpldsEe Poly@ikdrS IRBAE prefé@dd ensbddmehtof the eiveatian, the polyaer [sige and
other benefits, it iS generally preferred to combi ne -21 WO 03/002682 0 7 DEC

2005 PCT/ wededendahen m@aﬂem@ the clay im Higebsenegtof ahleastia partion and oloraat i on. |t

%o "o ety A ALl S Spiscon Bt bR RIARTE 1 BubaiEile BleBRFECRs:

exanpl e, i heild Hersefeefed@dciREHAt R4S hb&wth@mfeni p&ﬁmquséxmauﬂgﬁgiﬂt Bats 5
conprising a thernoplastic sem -crystalline adhesive organaophilic

~clay, a ta¢lav therdecomppyitian fgmparaire ofdhe F@mmmrem}@hpmer dﬂceglpoaﬁ@rnone or
ror € 4Gt her tgrghéranﬁé of 1% gﬁh?@&ﬁpﬂﬁﬁ &ﬂrﬂé’ c a§ fmhf%t aﬁé’HPédEp‘}b%ﬁ‘gﬁth he

i ndi vi dual esive conpone conpati and in which

it wll exfembodimenthef thedhvermionl @heh yhe Iiolfyrﬁaﬁﬁclc aﬁdamc drparophilid cldeart he
- tackifier conponent. In others, it may be the sem -crystalline 10

t her nopl astqoelpﬁarl% the glay willk upderge rfreeftfsré%%fphﬁrﬁn oExqlpding thedackifier atithis

polymer i s it compounding is most preferred as the presence of the tackifier has been observed

to inhibit exfoliation of the clay.

20 After the adhesive is compounded, the clay is desirably and preferably in an
exfoliated condition and the clay platelets are believed to exist in the mixture as singlets,
doublets, triplets, and/or small tactoids swollen with a portion of some or all components
of the adhesive composition. It will be readily understood by one skilled in the art that
complete exfoliation into singlets is not necessary to show the desired property

25 improvements whereas conversely the presence of an excess of tactoids might adversely
affect the properties of the adhesive composition. Other optional ingredients, if any, and
optionally the electrically conductive particles now may be incorporated into the melt
mixture. Note, however, that the electrically conductive particles optionally may be
incorporated into or onto the composition later, if desired, after the composition has been

30 applied to a substrate or formed into a film.

The equipment used to melt process the ingredients should provide enough shear

and heat to result in exfoliation of the clay, but not so much shear or heat that the clay is
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nmel ted and then conbined with the clay in the absence of at |east a portion
and nore preferably all of one or nore of the other ingredientsg7Tie 7005
conmpoundi ng tenperature should be selected such that it is_above the
sof t eni ng BEMEP2 t he exfoliating agent but bel ow the decBHrb&SPH13H
tenperature of the conponents, including the deconposition 15 tenperature of
the organi c conponents of the-clay. In the case of such preferred

enbodi nment s i ti ilic clay
-are corrpoucr?ggeecﬁtgﬁﬁg&éﬁgflr\%pgllom&ﬁ %?rggcﬁl%@g ggsgi r lctll"eég%(1 cliéglﬁlfg{r?’%%r@?udi ng the
. tackifier afonipuinent «itheelagfis degrpdudn dipgepasationsif tipy prieforreddoapotinenpothence of
- the tackifier has been observed to inhibit exfoliatigon of the clay. 20 After
" the adhesi VBY§M4iopothg dshelaitwiprerey extrydsr withithrge sspasalg fesdzoaenndthres an
exfol i at ed ;5-8&@%&% Q&ti%ggisfﬁ}gfeﬂeay Tﬂk%ﬁﬁésﬂe}oyrﬁeﬂglahﬁﬁetq thOfeey lz8he hfy t e
glets, oubl ets I'et's, dn

m xture as sin , trip or small tactoids swollen with

o a por t5 on chibssgoentdr maltdd. Chinpargamiphiliodlay sadrapl felkintezane Mposli hixed pribt tovwhe| be

readi ly understood by one skilled in the art that cor‘rBI ete exfoliation into

singl ets i SAABONAE OB MEFEASNEHYAP AR EACKHIST riB d5F5 S Ay ND EXITUHSE. o PePBFFIS
wher eas CO’E‘&%BFJ éf.&n@‘?wp{ s%ﬁé‘w %gtﬁﬁ’cier B © 3R Sufhblk ﬁ?%{%hﬂ&d& %?Ehej:fi‘é!s%?e' y
the a er opt|on

af fect the properties o eslive conposition.

i ngr edi ent dnveéntioaliyavailable under tha adaly dédignatioe dtabiBxatuldyr LEMAC34 frempimeticdres
now may be .incaorporated into the_nelt ., m xture. Note, however, that the

el ectri cal IyFIRBRdTUIdseCREpOratiane SomstYills, Y V’"ﬁ‘é}e%ﬁ}‘#‘%ﬁﬁp‘iﬁpa?ﬁﬁ& nto or
ontF ng conposition later, if desired, ?ffer the conposition has been|30
applied to t j il i . ' t
rocess 1 e iRabi bl adRbIRg: LlbRyR, o 1fled i BRUEBTRALOHIBEIAER, |
exfoliation, of the clay, hut not so mych shear or heat that the clay is -22
WO 03/ 002685 8 Pefigds ‘“@@I&U@Gﬁﬂﬁ§6§”@%hsed to aggregate or aggl onerate
into cIunpéQDéESnight be expected if the organic conponent on the clay is’
degr atfed. 14Ppreparation of the preferred conpositions of the invention, the
use of a tiRAsSE6@W2@xtruder with three separate feed zones and three
processi ng GEAt3-¢5:60i s preferred. The adhesive polyner is added to the feed
zone and 5 gphlseasEptly nelted. The organophilic clay is drop fed into zone 4
and m xed pepon.de3btre addition of other ingredients, such as tackifier, in .
-the zgpe 5 pRibhgs gtgguder. A specific exanple of one twin screw extruder
found to b it gDk gy the practice of the present invention is available
under 't he tﬁﬁﬁ%— _§bgnation Lab Extruder LSM 30.34 from Anerican

GFA-2-60-120
GFA-2-60-30

25 GFA-2-45-60

-GFA-2-45-30

KB4-2-60-30-RE
KB4-2-60-30-RE
KB4-2-60-30-RE

30 KB2-2-30-30-RE
KB3-2-45-90
GFA-2-60-60
GFA-2-60-60
GFA-2-45-60

35 GFA-2-45-60
GFA-2-30-30
KB4-2-60-60-RE
KB3-2-45-90
GFA-2-20-30

40
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Leistritz

of 40. 10 The follow ng screw desi gn was enpl oyed, ‘
section dw&t,dog Screw Design, beginning at drive end ofp@fﬁ]%d&glﬁg@ ZD-7.5
-60-

15 ZD- 7.5

Extruder Corporation, Sonmerville, NJ, with a length/dianeter-ratio

as listed frofh7tHéE Heed

G-A- 120 GFA-2-45-60 GFA-2-45-60 KB4-2-60-30-RE 20

KB3- 2-45- 30- RE KB3-2-45-60-RE KB4-2-60-90 GFA-2-60-120 GFA-2-60-30 25

GFA- 2-45-60 GFA-2-45-30 KB4-2-60-30-RE KB4-2-60-30-RE KB4-2-60-30-RE 30

KB2- 2- 30- 3ThRHollddag 3tatiBatdi0A meFréan’E&tritele fleht desBrafibn skduld Be thke® ht35
GFA- 2- 45- 60 %2- 30-30 KB4-2-60-60-RE KB3-2-45-90 GFA-2-20-30 40 WO
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STnEREATOIST eARPYSE97iER:309
Designation Element Type
ZD-1.5 Spacer, 7.5mm
GFA-2-P-L Bilobal forward conveying
P = Pitch
L = Element length
KBN-2-L- Theta-RE Bilobal kneading block, forward conveying
N = Number of kneading disks
L = .Element length
Theta = Twisting angle(degrees)
RE = Forward conveying (blank if neutral)

In preferred embodiments, the adhesive composition of the present invention is
preferably provided in the form of an adhesive film. For some end-use applications, the
adhesive film of the present invention is preferably nontacky or only slightly tacky at the
intended handling temperature, which is understood to be a temperature lower than that at
which the adhesive bond will be made. An adhesive film of the present invention is
typically coaied onto a suitable release liner, and is storage stable between release liners or
when stored in other suitable packaging for extended periods, e.g., 6 to 24 months or
more. The molten adhesive composition may be formed into a film by continuous or
batch hot melt forming methods. Continuous forming methods include, for.example,
drawing the molten adhesive composition out of a film die and subsequently contacting
the composition to a moving plastic web or other suitable substrate. The extrudate can
also be directed through a suitable press and/or other supplementary film forming tooling,
such as rollers, knife coaters, and/or the like. After forming the film, the film can be
solidified by quenching using direct methods, such as chill rolls or water baths, and
indirect methods, such as impingement of a gas such as air.

The optional electrically conductive fillers or articles may be incorporated into the
composition al one or more points in the process. For instance, when electrically
conduclive particles are used, the electrically conductive particles can be compounded into
the composition in the extruder along with the other components, preferably downstream
from the point at which the clay is added. Altemnatively, after the film is made, but while
it is in a suitably receptive state, such as may be achieved by heating to a temperature near

but below the Tc, the electrically conductive fillers or articles can be placed into and/or
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The fol| ow ng standard Anerican Leistritz el ement designation should be taken
into consideration for the above design: Desi gnation El enent Tyri)e7 oEE 005 5
GFA-2-P-L S ace 7.5mm Bi | obal forward conveying P = Pitch = El ement

| engt h KBNVELPI03482t o RE Bi | obal kneadi ng bl ock, forward coﬁ’%f{}ﬁ%(”f@9 N =
Nunber of knead| ng disks L = Elenment |ength Theta = Twi sting angl e(degrees)
RE = Forward conveying (blank if neutral) In preferred enbodi nents, the
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d/ th t filmf tooli | | kni f
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by qu Chl t and’
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el ectrical andamcnjueslstmca‘ i 3ylstenss mcomotmtmgescmdyyshmdl thezmqmasateuénuﬂt o the
conposi tion_ at ? nor e poi ntli1 n_the Eﬂégegfe For. msé e, . when

el ectrical I§Y4@ IEBHB &qr%féngam? y &R regryst aster, utalso tep vfr'l"(Ponduct i ve
particles CRAmARCARTRAMRIGRIY dF Recp RESQASPARI feePitrdnBtt DecoRiddti®otrRfig Wi th
t he ot her conponents, preferably downstream

identical systems lacking such clay. The improved creep resistance can result in improved
15 durability (i.e., can support higher weight loading), and expanded temperature range use

{e.g., up to the Tm of the semi-crystalline pelymer on the high end of the temperature

range use). Expanded temperature range use would be beneficial to bonded articles that

must withstand hotter environments like car interiors or inside of shipping containers. The

increased rate of recrystallization can result in improved bonding cycle times due to faster
20 adhesive set times which would be useful in package sealing and product assembly.

In preferfed embodiments, the adhesive compositions may be formulated as
electrically conductive compositions, which may be in film form. The electrically
conductive compositions of the present invention are useful in a wide variety of
applications, particularly for electrically coupling electronic components together. In the

25 specific case in which the size and dist.ribution of the electrically conductive'particles is
such that the bonded adhesive demonstrates anisotropic electrical conductivity, the film is
useful in making electrical connections in rﬁulti-laycr constructions where lateral electrical
isolation of the adjacent parts is required while the layers are to be electrically connected
in the z-direction (perpendicular to the plane of the film).

30 When the adhesive composition contains electrically conductive particles such that
it may be used as a ZAF, depending on the adhesive type and the size range of the

particles, the bonding time, temperature, and pressure vary. Generally, the adhesive films
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fromthe point at which the clay is added. Alternatively, after t
made, but while it is in a suitably receptive state, such as maﬁfg
by heati ngvd es/m2éganper ature near but bel ow the Tc, the el ee¢r/iusaiiiyoo
conductive fillers or articles can be placed into and/or -24 0.7 DEC 2005 WO
03/ 002682 PCT/ US02/ 11309 onto the surface of the filmand then enbedded into
the filmwith |ight pressure. Arelease |iner desirably is positioned over
the film bef thednwintion precisaided ai s tetriitert rangabdl fomOPCadb 200°C hed £bbrdldineg

pressure is_applied by a raoller or rollers with rel ease surface(s). In a
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to otherw gg ch&EEdvE%HatérYaﬁ&@Hﬁer‘c cf‘ﬂheuPg%p;fﬂa@/eleem@al'c%fa@&%d?ﬁ&@@h

resi stance can result in inprove 15 d Ity (1.e., can support ‘higher
wei gHd | oaftirmgcan, clartdcébypmndam\teeadhemm boml. rhr@aenaket is(desigable that sufficieat Tm of

the sem -crystalline e e, .hi end the tenperature e use)
Epanded | EFUTGIS PRI PEIRIBE Hed aole BEhesetiof oot SURTITL e TGSt hat
nust W t hsjfReivEQhicthe SMYtraRIRALS, Thé‘@m@fi‘x’it df"btré‘srshn%rré ﬂfed' Ar@?n?i b%h' ppi ng

containers. The increased rate of recrystallization can res I N I nmproved
bondi ng cydftte‘rmnmaby dugeskibed msthelartzﬂtfmmsduﬁecmnmnmgnmscslugmtddd be usef ul

i n package lln roduct di s, the
adhee: ve cBgLIeR AR RS of Dot et MR- dndit Preftiabl SRR R Bevp g mab be
conppsi ti opgd. which may be in filmform The electrically conductive

conposi tions of the present invention are useful in a wide variety of

appl i cati ons, pihc thdchngpy 9f thoadl@dse@tﬁlndenmgowmrpuhahrg b@ﬂé@ttﬁ@m perfmmpiorient s .
together. Ln.t e ase Si ze | Str n_.of the
el ot r1 cal P EH RGN ERE ArEpE G e dnt bl Eptort BB ot bhsa]esR0n 2
denonst r at @mpdtiea Bl dndRireuf ket fategPlhaCaRdo 6k bhded :ogétﬁe:f | Foeixamples &frul i n
maki ng el ectrical connections in nulti-layer constructions where | ateral

el ectri cal elegtzaniaapplicadens, He adbpsivehyepsould nef hesgihinghatihbecomendififigplite ar e
to bg,eleckp tﬁﬂélﬁm%&ﬁ@%ﬁéeegetween the electronic component and the circuit substrate, nor

should it be so thin that it is difficult to wet out the substrates to be bonded. Nor should

eved

the adhesive be so thick that excessive adhesive flow occurs during bonding. Such
excessive flow could, for example, undesirably carry the electrically conductive particles
to the edges of the bondline. Within these guidelines, the thickness of the ahisotropically
25 conductive adhesives is typically about 12 micrometers to about 125 micrometers for
electronic applications. For general adhesive use, the thickness can be higher and could
typically be from 12 micrometers to 1000 micrometers,
Thus, it can be appreciated that the adhesive compositions of the present invention
may be used to mechanically bond a first substrate to a second substrate. In the more
30 specific case in which the adhesive is electrically conductive, it may be used to couple one
or more electrical components on a first structure to one or more electrical components on

a second structure. In the even more specific case in which the adhesive is anisotropically
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in the z-direction (perpendicular to the plane of the film. 30 Wen the
adhesi-ve conposition contains electrically conductive particles su@ty Efal; it

may be usie{,g?gg/?&f%éﬁ dependi ng on the adhesive type and thﬁ%@bé&’ ange of

the part bonding tinme, tenperature, and pressure eral ly,
t he adhesive filnms -25 07 DEC 2005 WD 03/002682 PCT/ US02/ 11309 of the
I nvention are bonded at a tenperature range of from90C to 200C and a bond

time of frdead it W &S ot ' i _
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heat - bondabl e adhesive filmto cause uniformwetting of the adhesive onto

t he subst r & avithont the aise Threredease inergp poetectshe adhesiygi de grofemrederphodimpntsea

det er mi ned _by._on kil hed in the art wthout undue experinmentation. As
suggest ed 50 ?the(ﬁitﬁeeQ?Ckgn(?n%ﬁnﬁtémgragsasrﬁF&qu[fetrt). 3to 6.9 MPa, nore preferably

0.69 10 2. 0 MPa ABspebific illustrafiod exaifles, the kaiapssitdnsiofehesigRenionemay be used to
film conposition that is best suited to performin a particular apcgl i cation
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conponent and the cjrcuit substrate, nor _ should it be so thin that it is

di fficult (HNetoatnselpteoseipssvith aer glegaicpibnerniuchiys ragssiprrleqttierl adhesi ve be
S0 thjgck tm%rc%ﬁﬁﬁi%h\ﬁgn@éé S:?éc}’r‘r‘c 1y QB QREVE Fralll! ﬁﬂﬂ@i’@ﬂ?xflgmd%f icdifyc €SS! Ve

fl ow coul d or exanple, undesirably carry the electrically conductive
-particles condudise éagessond sdched Boxdircuig .a plintdid cirduitdwardy IT Oedoared glass jrmd/or

L thi ckness of the anjsotropically. .25 conductive adhesives is.typically about
12 1 or ome @58 Wil UG HecIRs i ooNgiEE HEPE O “r BT BIRFO BRI TR VGRS For
general ad Q&%&Y&u%@m&é}i@a féxabesk&p% Frifted Birdlli OBk dPRhebRiinth printBd 6Rbdiyy be

from 12 mcroneters to 10 m croneters.
board and a ground plane. These kinds of electrical interconnections find use in such

20 applications as portable electronics, computers, laptop computers, key boards, touch
" screens, displays (both glass and plastic), cell phones, personal digital assistants (PDAs),
pagers, Smart Cards, Radio Frequency Identification (RFID) Tags, Smart Labels, antennae
for portable electronics, calculators, watches, radios, engine control units, and the like.
For purposes of illustration, a specific, representative electronic assembly

25 according to the present invention is shown in FIG. 1. In the electronic assembly 10 a first
substrate 12 having a first array of metallic bonding sites or circuit traces 14 on a surface
thereof is adhesively attached to a second substrate 16 having a second array of bonding
sites or circuit traces 18 on a surface thereof. An adhesive material 20, preferably a film,
resides between the first substrate 12 and the second substrate 16 to provide an adhesive

30 bond between them. Conductive particles 22 reside between and electrically interconnect

the individual bonding sites 14 in the first array and the individual bonding sites 18 in the
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Thus, it can be appreciated that the adhesive conpositions of the present
invention may be used to mechanically bond a first substrate tolaDs§edalhd
substr at exyd Ps/bdigsyor € 30 specific case in which the adhesi periggegiggdrically
conductive, it may be used to couple one or nore electrical conponents on a
first structure to one or nore electrical conponents on a second structure.
In the even nore specific case in which the adhesive is anisotropically -26
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wi t hout the use o ref ease to protect the adhesive. In preferre
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specific illustrative @éfﬂgl,e , tge.co osi ti_gns of .the invention may be used
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bt r at o, Turaeayt e ML el cBrralfon ing ohfi ilks BRNK L bERRREES °0 211
Car d 180dy) Adhegive hl@adlsciincdudes obgmoghiliceiliyul?2t i n oxi de (1TO)-coated gl ass, or

glass with other,_electrically conductive traces; .or electrical 15
i nt erconnecti on %%&WW ‘F‘F’&‘eﬂdflt?e elsrizomie F‘%Sé’“ibﬁléeggleé\‘iesém EGOLARIE yj t and
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board, | TO coat ed gl ass, and/or th other electric ctl
traces; or behsst toiip&iconnee coromin badrids fla paned elisplatseot flexablelcyrcumdling | ve traces

on two printed citguit pogrds or hetween.a printed circuit board and a
oround i anisiairad i S Balpierte miirropBrocEiin GoDieURLene (PG such 20
appl ijgat i opeERS hR¥inE AkLBIRRE IieMlLi6 Birc i TR bE hSurfaéPiheRof COBHORAStrifseM 6
boards, touch ~screens, displays (both glass and plastic), cell phones,

per sonal difan adhesiveifdmawith comriDatiye parpiglye (sot sBown) aghexgenopbili¢ dafF(egfuency

| denti ficatj on (RFI. Tags, , Smart Lapel ant ennae for,.portabl e el ectroni cs,'«}
Lo oul ot o Shotmtuiugk ef<afifial Mg aneBRE) ey arh. Jor ERempife P Rt PG af e

pur poses Offjai i{dﬂé#ﬂfsﬁﬁawﬂotsﬁoﬁrﬂﬁﬁﬁifﬂoﬁn tHeQRE @F SoIdat. | Fife Ab£6f therituiRS3EWbl ¥ 25
according to the presént invention is shown in FIG 1. In the electronic

assenbl y 100¥eréd bythe adhbsive sag bezowered by aa optipsal rapteaiivesfoveecedt file 2Ohdi ng
sit ©30°" cireu ‘othéss ?gcts];%ea?gre& ah rafdggnetages of this invention are further illustrated by
the following examples, but the particular materials and amounts thereof recited in these
examples, as well as other cénditions and details, should not be construed to unduly limit
this invention.

The following test methods were used in the examples:

25
Preparation of Conductive Adhesive Films:
Test methods including 90 Degree Peel to Printed Circuit Board, 90 Degree Peel to

Plain FR4, Determination of Cavitation Voids, and In-situ Electrical Measurements
During Application of Heat and Shear Force were performed using films loaded with

30 electrically conductive particles. The particles used are nominal 43 micrometer diameter,
silver-coated glass spheres which are available under the trade designation Conduct-O-Fi}

S-3000-S3P from Potters Industries Inc., Carlstadt, NJ. In order to add the particles to the
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thereof is adhesively attached to a second substrate 16 having a second array
of bonding sites or circuit traces 18 on a surface thereof 7§ﬂ§5@§5
material 20, preferably a film resides between the first subsp and
the secondVOUBYPI8 e 16 to provide an adhesive 30 bond bet wBER/USAHH3
Conductive particles 22 reside between and electrically interconnect the

I ndi vi dual bonding sites 14 in the first array and the individual bonding

or ot de. el or APt Pty Bk St RIL AR Tor G R BRATR B 00
‘substrate l€oveiddewiti ginghd ta@0lapdrsd pohyekted Ebrio ragaﬂatﬁdﬂ nhder thetrade dbdigndiien
el ectronic assenbly of_ the qoresent I nventjion nmay al.so_be provided in the form

" shown in FIEsko PCFﬁPﬁFéOf‘z“ dhizom) Advantpge SualekBpgyille, DN; e fms whichwas r at e
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“surface of 4dpeoxitacdy Bﬂsecoadshrcmvlen’m sofften dierfilui dnd mabeﬂ redej:ﬁve Whae phxhleles
assenbly 110 i's bonded to a second substrate (not shovvné1 opuI ation of
conduct i ve PafParE¢les weregsprinkieddromp tsshabdc-coysred gl5s e 8D tBEﬁhlfif%C&I Tom a ‘

I nt er connec o [ ndi ng
Si't o5 on t raranec pBRRimbiR 5L S hedde ARy bty AR bRl GRPBRABRIRPT
clay 120. Metthapartibiercoaredadifaensf thé fmmewhichcwascpiaaedamsae@ﬁﬁQhomblaté;anqbthesent

i nvention is ,shown i FIG 3. Th ctronlc assenbly 210 in FIG is a

flexibl e j URpFERAGHAE FRlled 195 Tig i PE GAFSEIE USiTECH APPERFEEy § Pa panel
di spl ays, o ” S ric’
mcer 2 e y@f)f;d“;‘é%“hél oL on B B &0 Bl o T pasitleXoRuPl ™
conduct i ve suefaaé bf thedilmowast 9®14 20rpaﬁ1c$esrp‘e&3@aﬁrdnnnbmﬁeter()dhmaéd micrompete216  of
an adhesive filmw.th uctive rticles . (no and_ or hi | clay.
(ot showrishghroiee BlEadbi oRFRdRcs i RREtRY Jetdemarichs. Searprect brc
cireuit boaﬁ&u@le@oﬁt@ﬁt mfth@;ang@ﬁ%}n slint B} &Y3d BP% fs%\efe&% eclid B %dle BB%BHﬁﬁmof

sol der. The area of the circuit 212 not covered by the adhesive 1may be
covered by effecopn impasireg valtiecof peel steangth.coat film 220. 20 Ot her obj ects,
featurgs, and advantages of this invention are further illustrated by the

foll owng exa IeszP ut the particular materials and anounts thereof recited
in these e@%ﬁ%ﬁ——-&%—ﬂaﬁ—%ﬁl—hﬁ?—éﬂ 12ePaEondi ti ons and details, should not be
.construed to undupésé beﬁhtwlsé Hbt%d'tﬂé’%ﬁdu‘éﬂve Jmﬁsiveltés@m;ﬂg prépred RIBRASy WeT €

used in the exanmple Preparation of Conductive Adhesi've Fil ms:
Preparation of Conductlve Adhesive Films, are loaded with silver-coated glass particles.

A 46 mm wide x 54 mun long x 1.44 mm thick FR4-type printed circuit board with
20 gold-coated copper metalized traces, approximately 30 micrometers thick and
approximately 1.27 mm wide with approximately 1.18 mm spacing, (abbreviated
hereinafter as "PCB"; from TRC Circuits Inc., Minneapolis, MN) and a 46 mm wide x
39 mm long x 0.127 thick mm polyester flexible printed circuit with silver ink traces,
approximately 10 micrometers thick and approximately 1.27 mm wide with approximately
25 1.18 mm spacing (abbreviated hereinafter as “flex circui t”; from I Corp., Minneapolis,
MN) were used as test substrates. Prior to applying the conductive adhesive film, both test
substrates were cleaned using one wipe of isopropyl alcohol with a lint-free industrial
KIMWIPES Delicate Task Wipers (available from Kimberly-Clark, Irving, TX) and
allowed to dry.
30 A sample of conductive adhesive film was cut into 5 mm wide by approximately
55 mm long strips using a 5 mm-wide dual-blade razor cutter. Optionally, a

silicone-coated polyester release liner was placed over the non-linered side of the adhesive

-29-



Test methods including 90 Degree Peel to Printed Crcuit Board, 90 De%ree ,
Peel to Plain FR4, Determination of Cavitation Voids, and In-situl&DE€tdiscal
Measur ene i,ng Application of Heat and Shear Force d using
films | oag‘;e(?imv/\n@ﬁé%o el ectrically conductive particles. Tﬁ?@??‘%ﬂé@eused
are nom nal 43 mcroneter dianmeter, silver-coated glass spheres which are
avai | abl e under the trade designation Conduct-O Fil S-3000-S3P from Potters

| ndustri estiaxet-ocu%(gS@hi@%er Ws rehibveageibr tthe ddxi Siép)Pahkiceh@sctive alii@ive28 WO
03/ 002682 07 DEC 20 PCT/ US02/J 1309 adhesive base film the particles were:
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parti cl e- camétidnoftheosdhesive fild strfip fonniMy Sdipariic HArRE &he BilverIfk Fabtd! afd at e,

and the lamnate was rolled down by applying |ight hand pressure using an
appr oxi nat with the adhesiyedilarteeased phypd mmaivayrirem the end efthe tiaersd (ddiei linsredldhesi ve

fil Th Egl t h f of . tthe fil 90. +1- ..2 ticl
p:ar msquareeplrahé H ﬁ’r%gatdgg.“r}?:gﬁgg aégheﬁspgr‘%%%ét%é&' hghﬁ?ng@ B%ﬁ%‘%?\%&@ﬁ?m?e}fgr e
cor r ¢gpondsubfjéert@Pidrtowl rasftdwh dyelestusiipRehdndGliBSer rér whilcdthe Flex cituit RAE ki | €
content in the range from5 w %to 30 wt %is not expected to have a

si gni fi canen theflos plate nThis pamided wdfommswestouh @b thesadhesiye Alm sgipmdalpwed fpeel 1o
Printed C [ rg...ual e erwh.se_ noted, the conductive adhesive test
filnms, pre%éyé%“‘gg@c?géﬁlen‘%ﬁ%‘%“&%%aé% ?%n of Conductive Adhesive Filns, are

| oaded with sil The emabed sahpRSvRahén fngsved fidrd he ot \pidle, the Pednditink 9¢lgase 1. 44
mm thick FR4-type printed circuit board with 20 gol d-coated copper netalized
traces, aphndabagiyllgemoveddnetegss thhsufaceef theadhesive flpstrp withqutnm wi de

R L A e i,
t hi ck mm pstiipasisarinihakoff betheredpé efitheiflexwitcuislédvirg an/adhekivk filhacesof 5 mm
approxi mately 10 tlr]nt%%glr(riegcegvséﬂtahie%kon%gghealpé)épxi mately 1.27 mmw de with
appr oxi nat &+ mm iha pp
The second surface of the adhesive film strip/flex circuit laminate was then
pre-tacked to the PCB by placing the non-silver ink side of the flex circuit in contact with
20 a 90°C hot plate for about 2 seconds in order to soften but not melt the film, removing
from the hot plate, and pressing the assembly onto a PCB having been pre-heated on a
90°C hot plate for about 2 seconds, with gold-coated copper traces facing up, aligning the
overlapped pairs of circuit traces and connecting the flex circuit to the PCB. The
pre-tacked assembly being heated oh hot plate was subjected to two roll-down cycles
25 while on the hot plate using the hand rubber roller described above to obtain uniform wet
out of the film to the substrates. |
Each assembly was then bonded individually using a DCI constant heat bonder
Model No. 1093 (available from DCI Inc., Lenexa, KS). The DCI bonder thermode was
set to 285°C unless otherwise stated in the Examples. Thermally conductive silicone

30 rubber SARCON 20GTR (200 micrometer-thick, from Fujipoly America, Keniiworth, NJ)

was used as a compliant layer between the thermode and the top of the assembly.
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25 1.18 nmm spaci ng (abbreviated hereinafter as "flex circuit”; froml Corp.,
M'nneapolis, M) were used as test substrates. Prior to applyind%BE 2005
conductive adhesive film both test substrates were cl eaned usi n%] one W pe
of isopropyPaneshRdl with a lint-free industrial K MN PES BelUg/H38% sk
Wpers (available fromKinberly-Cark, Irving, TX) and allowed to dry. 30 A
sanpl e of conductive adhesive filmwas cut into 5 mmw de by approxi mately

55 nmlong strips,.using a.5 wi de dual - b].ade razo utter. tionally, a
_sili cone-coat ed EB‘F?@%@&‘F‘B P%M%?Wt r%?‘i%éﬁ{doéépnﬁ?%t TS si de
‘of the adhegyed vaR B ;b WPrERLROAGHE STAIURORS MOSONDIGGY. e Bhd | NG
(this liner was renoved prior to the next Step). The conductive adhesive
" filmwas plidioeavagisetfor heeqondarundess otherwise ootgtladihe wharimogde Gpupengurepy as set for
about 3 sec&r}dé i N orgder 1o soften, but not nelt, the filmand then renoved
from the hotophapfessOpsiadsenaicd 't (with the silver-ink traces facing up)

“was plsced on a g@DepleaiPecladdinpasisedbndlin @98orh heRIat2BoUs CaeSWpdsiativdhe
preheat ed, conductive adhesive filmstrip was applied to the flex circuit

such that thenidipasingan INGERERN Medel dit ¢ hmeehanigal {esting mckipe tasailahle frophe | ong

direction t he~adhesi vefilmstrip runnin j larly t e. silver
ink traces ,Ofnétrr]%n CWH"H‘Q‘{%C%%F?&% f‘%ﬂpﬁeﬁl g&%t%%“gggﬂbg T"“ﬁ\%eé\ﬁ&@ a}gtéodt%f%e. end
of the tracssl tedties.| THefaRkepsiation edte Wag 12ghamIMutd. | Thevdaxinhenidadesksed W th
| i ght hand pressure and i medi ately 10 subjected to two roll-down cycles

usi ng a hangcerdpbeand divided byviielbond vedth insordsr te gilcubarespest strengthon N/ranh é

pl at e,, Thi s_; i de iLfor {- he adhesive filmstrip and all owed
for 1e%lsy rselr%géfseg%lfﬂgg {r%égr%ﬁri %agHtrteeSFEe-‘g}é"e liner. The | am nated sanple was
then renoved fromthe hot plate, the remaining release I|iner was carefully
renoved to ®xpesee PRE 5 Pidimgr4of the adhesive filmstrip w thout 15 '
di sturbing the adhesive filmstrip/flex circuit contact area, and the excess
adhesive film sBengedwessemblieswege prepatsl as Hescaipgd irothetTest Method G0rRegree Pegdvi ng

an adhesive filmarea.of 5 .nm x 46 nm.t .coul.d be overl. d.onto the PCB.
The second t&?ﬁné%dgég?mfﬁ8”%%%%@%ﬂg‘]r% glﬁ/’:‘{’f 1@1)(1?%? nc(@lc{lﬁotg%eﬁa{]é%\ﬁas t hen
pre-tasked thxk! heaild6R R Bléeioply, BN Sef@idosCAY &asiubkd Wi fl&cedff the'PCBI £d $00 cui t
in contact with 20 a 90C hot plate for_about 2 seconds in order to soften
but not nel 2auga MELINEX rd53oveates polpester fdmibe., plithine conductijediasesidatailéblessenbl y
onto a PCB i . . conds,

‘Wi th gol d- c@g%é[gﬁ]gg ng' RW %@g@&gﬁg‘gﬁp@ggﬁgﬁf%éﬁ@gg%gtg?ﬁg%%%%ﬁtgai rs of
circuit traces auUdlegonthestisergotediahé tirkmodd ettiperdtoretdaah®OB1 Cidmstant Heat

Bonder was set to 260°C, the thermode pressure was 1.45 MPa (210 psi), and a bonding

20 time of 10 seconds was used. The bonded assemblies were then aged for various times at
ambient conditions (approximately 23°C and approximately 50% relative humidity) as
specified in the Examples.

For each conductive adhesive test film, three assemblies were tested according to
the test method 90 Degree Peel to Printed Circuit Board, and an average value was

25 reported. Typical deviation was +/- 0.3 N/mm.

Determination of Cavitation Voids:
Bonded assemblies were prepared as described in the Test Method 90 Degree Peel
to Printed Circuit Board using a thermode set point of 285°C or as specified in the
30 Examples, a bond pressure of 1.45 MPa (210 psi), and a dwell time of 5 seconds or as
specified in the Examples.
The area between the conductive traces was examined in transmission using an

OLYMPUS SZX9 zoom microscope (available from C.Squared Corporation;
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pre-tacked assenbly being heated on hot plate was subjected to éﬁ% Eﬁlﬁidomn
cycles 25 while on the hot plate using the hand rubber roller d EPELAW above

t o obt ai nvw@osergaet out of the filmto the substrates. Epglyigssens® y was
t hen bonded individually using a DClI constant heat bonder Mdel No. 1093

(avail able fromDCl Inc., Lenexa, KS). The DCl bonder thernode was set to
285C unl ess otherwi se stated in the Exanples. Thermally conductive silicone
30 rubber SARGEM:, ZFDGTRiCcRDaph icragaeivere ¢apturkd withahe Eogri perisyserrateOXcand with

Keni | wor t h, was_used. as a conpliant | ayer between the.ther d the
Fop of t ho BRLEKAR ingafetBiu Sttt el Bsbors i ek Eapsrsibb IACIEPRAT i de
by 76 mm | gugrehage ARgyoR &R awaed Qv&ﬂatﬁ@ﬁ@ﬁﬁﬂediaﬂ?&fbh%ﬂéﬁ,%am%re,Mﬁﬁsed onto
the assenbly with a preSsure of approxinmately 1.45 MPa (210\&5;). The bond

time was set forCendiastivepasticlenpppesrast dscrpaijueragolas girciisbapdse rraidsappeatsdraat ur e
was s to, 285C, _.unl ess otherw se, not ed. o] ree. Peel, testin s done
o 2 Bom asparen il 4Rl Vol Fos cPaseitied aEETiimerts e ok Rme)

4465 mechani cal testing machine (available from Instron Corporation, Canton,
MA) equipped with a 9 kg (20 I b) I oad cel] and a 90 degree peel test jig.
The j aw separat i ofNOR®t e—wars- 1 Mo7vaidy visible i@ microgsaphxi num | oad was recor ded,
and divided by the bond width in order to calcul ate peel strength in Nmm A
10 singl e assenbl ymgdks tested Vicdds ase difrageent 4nd| discrete, aepre typiesdly less thami n
FR4: Bonded assenblies were pradadecimesersiesross thed majot dmds Test Met hod 90
Degree Peel to Printed Circuit Board, except that plain FR4 (i.e., with no
conducti ve tracesbLafge mm-15 t Moids, araupprorivhatelyrdO0 thicemheteploy Jargkr &segpando, CA)

was used in place of the PCB, #itnadp axigadndemiy AREXcéidottwitinbtber psily est er
film(i.e., with no conductive traces) (available fromICl Polyester,

W Il mngton, DE) was used in place of the polyester flex circuit. Unless

ot her i se _n9h&shiniilh SNALABOSHLAMEAALLIE AR 150€: D01 Constant Heat | Bonder
was set to ' e : a (210 psi), and a bonding
20 time of 10 séttomngs shes mzinths (epwbhodeiennined byaratie] RiatecD yivemic Mexhahizal
variqus tines.at anbient conditions (approxinmately 23C and approxi mately 50%
Yol aiibve. hulg i, SARBIe T8 GPPIORLIRRY, HETHRisHy P GioBE IERYF EEREGRTE
adhesi ve t ggdpatdd 2] 1&&5&&;@;&!{@# ddpesiVe bisel MRt aﬁgﬁ&hﬁht@g 6PmidOfelefSt
met hod 90 Dedgree Peel to Printed Crcuit Board, and an avérage val ue was 25
reported. Tyipk using@deingtiature whspproxintately R6Hmand light hand pressure. The sample
films were tested in a parallel plate geometry, using 8 mm diameter plates, on an ARES
Rheometer (available from Rheometric Scientific, Piscataway, NJ). The test frequency
15 was 1 Hertz and the temp&ature heating rate was 5°C/min. The sample film was placed in

the rheometer at room temperature (25°C), and tested from 25°C to 200°C at 1 % strain.

The storage shear modulus (G’) as measured at 150°C was reported.

, Detenmination of Storage Shear Modulus as a Function of Time:
20 Sample films approximately 1 mm thick were prepared as described in

Determination of Storage Shear Modulus at 150°C. The sample films were testedin a-
parallel plate geometry, using 25 mm diameter plates, on an ARES Rheometer (available
from Rheometric Scientific, Piscataway, NJ). The sample film was loaded into the
instrument at room temperature, heated to 170°C and held at that temperature for 10

25 minutes using a constant gap setting. The instrument’s oven was then opened so that
excess film could be scraped away from the edge of the plates. The sample was then
cooled to 70°C and held at that temperature for the duration of the test. This temperature

was selected to be low enough to allow recrystallization to occur, e.g., below the
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Determ nation of Cavitation Voids: Bonded assenblies were prepared as
described in the Test Method 90 Degree Peel to Printed Crcuit @Egggzml ng a
t hernode set point of 285C or as specified in the 30 Exanples, a

pressure oWOW3492Pa (210 psi), and a dwell tinme of 5 second®€CTarsS0241309
specified in the Exanpl es. The area between the conductive traces was

exam ned in transm ssion using an OLYMPUS SZX9 zoom m croscope (avail able

Tamarac. P90 e CohtRraugs FOf pE Temapileof G bl ARERUEpAl Perteldandde 0

‘and with arontpressivecfosce mpidx@ﬂatb@tmmm@am CGapspRedn thedplmtslgper aner a,
usi ng | MAGE- PRO. PLUS | mage Anal ﬁSI s, Software (avallable from Medi a

“ Cyber net i cSeMBAINE FSFY, mmg)la thrg, i Qi dpeing the) 69" @ siserete &6 topdqua. r egul ar
| h t d
Nere ol aoe HEaupHRY SR eBRNRRE Ghndiirord S ERORL B3 wIR Rl prodBREy 7 1o

visibl® in ajmhegmpbf&mltdragesheamodms ds1.2/Hz Wi feeqrded s atfishotiof ©f eHee, and
are typically |ess croneters _across their nmajor axis Large

------- Voi H%Ethroé“%hé%?’?rﬁtaéqf&ﬁlQ@bb‘Fﬁwgﬂé@ers or larger across their nmjor
axi s, and nmany are |n contact with other voids Determ nati on of Storage Shear
I\/bdul us (Gﬂlsa 1 as _gdet erm ned by Parall el

Pl ate Dyna . elmatelylrrmthlck

Wi t hout conducti sraan;marat:.geﬁibms coRlisted csfrae@@ﬁeré ﬁ?ﬂltédad]}dﬁﬁt(ﬂﬂﬂ) Boded hed pastegsi ve
base filns of approximately 60 mcronmeters thick using a tenperature of

appr ol mat QIVUB%WQB)Q’Mh thaedecpicadly gpaductive adbﬂﬁp\rﬂeﬁlnf being tagtede Bosdsed in a

Il el e
P | oo o P RERTEL e R R R0 RSl B0 i FEMREEL Y 16
was 1 Hertm@gjeepbat@eﬁngﬂallwuﬁmm ng rate was 5C/ mn. The sanple filmwas

placed in the rheoneter at roomtenperature (25C), and tested from25C to
200C at | % st r afpe flexrpeedsyasiod geospard Kapsen]l polyimide fikn s abeicated by BBE was

report ed. | f T
sanpl e fil ot 2‘%‘8%’%9&‘ el y‘“@ %Pn??’ﬁif’?%q%ﬁ%é%@pg 2fHE SR e Yerddehe 20
Det er i nat |am|ppafa:ﬁtlﬁalﬂgeTMsmélmrprMmﬂmumnaioaﬂc5®ﬁh baseé oﬁabpﬂaafﬁnzl Fardwelse t est ed

in a paral]el %eomatr(){ usi ng 25 mm di aneter plates, on an ARES
Rheonet er (fgpréq:qtgg PDL A hard gold (over mckel) finish was used on all copper surfaces (flex

and board). The circuit board was of dimensions 66 mm x 102 mm with 17 evenly spaced

circuit lines of width 1.27 mm running down its length. The flex circuit was 6 mm by
50 mm with a single 1.27 mm wide circuit line running centered down its length.

20 Silver-ink/polyester flexible circuit ju-mpers with equivalent line count and spacing
(available from I-Corp, Minneapolis, MN) were bonded to the ends of the PCB using
3M™ Z-axis Adhesive Film 7303 (available from 3M Company, St. Paul, MN). This
enabled the PCB to be connected to cabling via an insertion connector used in conjunction
with the flex circuit jumpers.

25 Bonds were made with the flex circuit laying at right angles to the circuit lines on
the board, forming a 'cross' or 'plus’ shaped configuration, with 1.27 mm x 1.27 mm
overlap areas between the circuit lines on the flex and the PCB. With the cross
configuration, four-wire resistance measurements of the adhesive in the overlap areas were
taken as follows. A current path was formed between an individual line on the board and -

30 one end of the flex circuit, A voltage difference was measured between the circuit line on
the board and the circuit line on the flex with connection points at the ends opposite to the

current connections. Unused circuit lines at the sides of the board facilitated probing the
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from Rheonetric Scientific, Piscataway, NJ). The sanple filmwas | oaded into
the instrunment at roomtenperature, heated to 170C and hel d at Ut;h@%E 2005 "
t enper at Uge §0602ddd 25 minutes using a constant gap setti ng-PE’PﬁJs;}ﬁﬁsﬁdmentl S
oven was then opened so that excess filmcould be scraped away fromthe edge
of the plates. The sanmple was then cooled to 70C and held at that
tenperature for the duration of the test. This tenperature was selected to

be | ow enodgk; thesedined ofimetedsdlcttlitABttb TRxtHy WHEHS the RofductiRE lhBNésiReeink2 07 DEC
2005 WO 03/002682 PCT/ US02111309 crystalline melt tenger ature. For the :
t

remai nder stedhdn sech a faurrevirpeanfighratigisng sigaifigadequreent Bowp belysicn éhe woltage of

appr oxi mat e 3 0,100 grans. tyween the plate af § er enpyi ng

excess mat 8#%5&?#&? %‘fﬁcéaﬁa‘eswg%ﬁ‘?‘i‘a%g dtr?l%lsleﬂﬂajcf%st_ %5?1“1( r‘fe“’{b? li]? &8t 8
Frequency sheRRurMaf fast@d@rdughihe Rdidgive Oarld the Iritio ¥ thB valtate dop t®the sugplied
approximately 5% 5 and the value of the storage shear nodulus at 1.2 Hz was

recor8ed asumert ginesitemresistanpethrougiyih adhesi vares derared: e 0RG serieaScammdr been at

Saml ¢ asstseMELlfBent GRUHAREOR Pt LR CABLHERbpRIA pPRER ORI  ;
printed 102 eireitiihesagakidlcicdeiioand, divihp @ 2elcedrhle @iakiiyve-eantatet ineRs@dhRaisv e

filmbeing tested. Bonds were nmade with the bondi ng equi pnent and settings
as descri bBer safpiessqmBly. Met hod 90 Degree Peel to Printed G rcuit Board. The

flex used was o el Ly m il f j by PDI,
I nc, Plynouth, ) alﬁgs}?]ﬁ%dﬁﬁﬁsggt% i &}}gﬂfrgx I ?\{ﬂ %E%l Ettbr?é% qt %fgn$iﬁ1§%r?€r{gneg%hzgi ve

bet we@n t heabldsbasaiepgriiedasickamrhe adiles ledid € Pardnw el €ornebtiénstin aliclS sidedrased on
c opper/FR4 board also fabricated by PDI. A hard gold (over nickel) finish

was used oWhigh wasgippeected p Keithley Instaumenth a3 Savrgy Mepseredinit (SMUpo A dewiledt of

di i i I ol LEadd . dih 1. 27
o e oS SRAATVECHiG B R AP ticl SB b BhSRoRvAoRAr, 1 27
1.27 mm w Detrameats] Austin) §X)ywas agdaerbatreldhd Sairiek and SMIY hThe 80anner was

Silver-ink/palyester flexible circuit j unBer.s wi t h equi val ent |ine count and
spaci ng (atHIEasrdiompn i #-pels HodaysHAEaINg| the SoupRy chiEsnt 2pd AeA YPKa8he ends of
t he usj A L i i y, St.
paul oy - Hheg LTRSS SRR For il b e (B R B ReR G RONIMRRTRREY, O
connect or BNHM wias peognaramet t@soured 100 miléiafipex A) sonrset curenp end to RsaBonte wer e

made with the flex circuit |laying at right angle the circuit lines on
t he board, vq&gﬁiqﬁgp acm%sr%ggdh%rveqamﬁ%"w &B%S&%?S‘irf ffgﬁf%mpmcemo{tﬁgww%n X
1.27 mm (5200 millivolts (mV).

The Scanner was additionally wired to accept the voltage output of a thermocouple

20 module {model 80TK, available from Fluke Corporation, Everett, WA), into which was
plugged a thermocouple (5SC-TT-K-36-36, available from Omega Engineering, Inc.,
Stamford, CT). In this manner, the temperature of the bond line was measured along with
the resistance readings. A trough was milled in the board in the region between two
circuit lines to accommodate the thermocouple. '

25 In order to measure the electrical effects of applying a shear force to a temperature
controlled sample, the bonded sample was attached with 3M™ Thermally Conductive
Adhesive Transfer Tape #9890 to an aluminum block (containing a cartridge heater and
controlled by a temperature controller). The block was clamped to a support such that the
flex hung with its long axis vertical. Electrical connections were made as described

30 earlier. A forceps was clipped to the flex circuit, and a spring, with a spring constant of

70 N/m, was attached to the forceps.
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overl ap,areas between the circuit lines on the flex and the PCB. Wth the
cross configuration, four-wire resistance neasurenents of the a(ﬁljpeﬂ'btv { N
the overlap areas were taken as follows. A current path was fornred be en
an i ndi vi d¥! 9994285%n t he board and 30 one end of the flex HG¢EUP1IHOv0ltage
di fference was neasured between the circuit [ine on the board and the
circuit line on the flex with connection points at the ends opposite-to the

current con i oMt 1 tot si.des of...t he board
facilitat edﬂ%?%ﬁ%ﬂéfeﬁﬁﬂg@%s et fie %g%‘%ﬁ}% ‘85?‘35%5% Cﬁ@ﬁ'%z/ 11309 flex;
these lines connected electrically to flex by way of the conductive adhesive
being tested. |In sucltqadfi®u . Wit neQbid gurati on, no significant current
‘flows between the voltage connections, hence the neasured voltage drop is
equal to the voltage @oogitign 2 With@i290g welightdangingéma "gatis apoddfisugbt vinier
adhesiye, and the ratio of the vq@%%%g drop to the supplied 5 current gives
‘the resistance through the adh&EVA s desired, A 7000 series Scanner

(Keithley InstrunentsCogtiieal3angtith @Dsopaei sl bciligiiPegh Sp@gnect i on points
along mddle 12 circuit lines of the circuit board, giving 12 accurate :

adhesi ve-resi st ance nb®sditiondntWith the 230gmeighthanging ip "stebe" made and adile the
el ectrical nmeasurenent, the ci FCUit boar.d was_ i ntercon%ﬁc(tﬁzdcto 10 cabl es as
S

descri bed earlier. The cabl es eéxg)&r:itgrehog -Wpéﬁwc?ﬁﬁ?fé in the Scanner

to which was connect €dngitiégist FWaN tHe330zuRE Bhcoséiftinpdf pe@dveasure Unit (SMJ).
A Hewl ett Packard VECTRA Pentium 1l conputer running LabView 5.0 (avail able

from Mitional Instrunents, Austin, TX), was used to control the Scanner and

SMU. The Scanner .was_ _.confi gur tq run i - pol.e e, .switching the source
current angf‘%eewgg'a\')(gﬁlgtg%celcgle‘ggﬁﬁé@?’i%ﬁ%ecgsfé’f E@Chs‘l‘\ﬁra%ﬂbdnctgﬁﬁ t{ai BC%OBS 'nts on
the test board, as described earlier. The SMJ was programred to source 100

mllTianp (pAbrRRIAER of MelSfidotRb i® DIf&eHIA ScAfninY Ual@lifetfl)-0P across the
adhesi ve as previously descri bed. € conpllance voltage was set to 200

mllivolts (nV).ADPhoxsvaichel0 milligrdui afifdmamithowui canductivepaciégies, wae plaskd age

ot botie oLy FRFRNS S iR VGt 4 Prgud e Fb G bBE o 14°
(5SC TT- K- 3fs@6meaté ANE R RB11E, V) WHRH v SMEI@RNptD, TR Wample RAAEHEK das Flhted | N

this manner, the tenperature of the bond |ine was neasured along wt t he
ir esi st ance WealiGi§soven. tftenghleagid Srninuted, the samplepwasrigmoned freny thgioven drwt ween

the el ect ri RarfaalfeRGFRIIEAG GebUS el PEEYE TRy nieh oloipff yeh PoclSiel" ©
within 5 hours of placing the sample at ambient temperature. The melt endotherm, in
20 Joules/gram, was determined using a Differential Scanning Calorimeter Model 2920
(available from TA Instruments, New Castle, DE), using a 5°C/min ramp from _25°C to
170°C, and integrating the area under the endotherm peak found within the temperature
range of 65°C to 140°C.

25 Determination of Percent Transmission of Films:

Percent transmission of adhesive base films (without conductive particles) were
measured using an HP 8425A UV-Visible Spectroscopy System, available from Agilent
Technologies, online at www.chem.agilent.com. The general techniques described in
ASTM E169-99 were followed. After taking a background spectrum, spectra were

30 measured over a wavelength range of 200 to 800 nanometers (nm) for each of the films
tested. The absorbance at a wavelength of 540 nm was recorded, and normalized to
correspond to that of a 65 micrometers thick film. This normalized absorbance value was

then converted to % Transmission and reported.
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controll ed sanple, the bonded sanple was attached with 3MIM Thermal ly -
Conductive Adhesive Transfer Tape #9890 to an al um num bl ock (@gopgEl f0%Hg a .
cartri dgewheasidhesand controlled by a tenperature control | eggrydbiifloock was
cl anped to a support such that the flex hung with its long axis vertical.

El ectrical connections were nmade as described 30 earlier. A forceps was
clipped to the flex circuit, and a spring, with a spring constant of 70 Nm
was attached tOIﬁﬂ%fbﬂﬁ@ﬁ’igScxaif@]d@%]@@ﬁﬁﬁﬂsg?cr&Eﬁ aﬂ@PmEﬁ/w&oagmm&s

El ectrical neasurenents were then taken under the following conditions: 5 10
Condl tion @t eW‘tSﬁSPRPﬁQSiad Condition 2. Wth a 250g wei ght hanging in a '
“static" nmode (i.e., not under oscillation). Condition 3. Wth a 2509 wei ght |
oscillating on a spring. COFHI'[IOI’].. . yei ght hanging in
"static" node, and while the it . e was raised to 70C.

Condi§ion 5. -Wgb ptah%ﬁwggmmmsmgsjj ﬁél'yﬂﬂr @dvaﬂme flome ENfeflicdRerh 8Glent ance
of twelve interconnects for each condition tested was reported. Determi nation

of Melt EnBoehd¥hhwasszompprrdasivith b0 pernhy mgighi o SYAMARES 284ptakifmat el y 10
m'IIigrarrs of f WlthOUt ondu Lt tQ. an

21 um hum A eLi e AT GEERLHS PalfnbEiy. R Fia LRR6EREd s Aghihn

I nstrunent &reMQmﬁa&t(hﬁlla%)erImeﬂm lld‘lﬁﬂtzC}EktERQH Cofpttaei]Bosher il 197)pan
was placed in a 170C oven. After at |east 15 mi nutes, the sanple was renoved
from t he ostshwithdhe ssirew eenfsgurais previouslysisserihede (appr oxi mat el y 24C). The

nel t ;endot her m our f t a at _anbi ent
terrpe@ature Th\gggﬁg enhgéiﬁ ﬁ%&%loﬁe glbttﬂfou !aegi/ 5‘E° ﬁ?maog?d}gi%}]nﬁgﬁtg%z%ﬁshg a

Di f f er ent i ZbnesClad Web@setal 290K Zohedhdalerd 9Git 200\GiAcnbS ¢-8 wer sédatlNgtCcument s,
New Castle, DE), using a 5 mn ra from25Cto 170C, and |ntegrat| ng t he:

area underaﬂ%'@ﬁ@d@]é’ﬁﬁﬁsﬁé%‘z%ﬁn hgiSErePhSRER® Was spfcat 428 ipm. PRRYEX 36385C t o
140C. - 25 |
VOO VS pdath b EFah oG ERGTLERE 20 70kt TR SYIVARES Jde D1 00

of adhesi es) we neasured using an
HP 8425A WécMifiet hae a&ﬁﬁthd&gﬁQﬂ)ﬁp&f pbR i Zaval) ot tﬁrb@gnpw WaenB.6

15 kilograms/hour (30 pounds/hour).

The compounded material was fed to a drop die and coated onto a 57.5 micrometer
thick polyester release liner (available from Loparex, Willowbrook, IL) at a thickness of
62.5 micrometers, and a coated width of approximately 30.5 cm to provide a base film.
The die temperature was 138°C, and the chill roll (located under the liner onto which the

20 material was cast) was set at 3°C.

The conductive adhesive film of Comp. Ex. 1 was evaluated according to the test
methods outlined hereinabove for 90 Degree Peel to Printed Circuit Board, 90 Degree Peel
to Plain FR4, and Cavitation Voids. The base film of Comp. Ex. 1 was evaluated

according to the test method Storage Shear Modulus at 150°C. Results are reported in
25 Table 2.

Example 1
SCP CLOISITE 20A organophilically-modified montmorillonite, available from

Southern Clay Products, Gonzalez, TX, was added to a 50:50 mixture by wéight of

30 PEBAX 3533 polymer and SYLVARES 2040 tackifier such that the overall composition
was 3 wt. % SCP CLOISITE 20A clay based on the total weight of the PEBAX polymer,
plus SYLVARES 2040 tackifier plus SCP CLOISITE 20A clay.

-36-



Technol,ogi es, online at ww. chem agil ent.com The general techni ques
described in ASTM E169-99 were foll owed. After taking a backgrouhfiDEp&e6rum

spectra sured over a wavel ength range of 200 to ers .
(nm formgvg@h @Pﬁ{g e filmse tested. The absorbance at a mvgggﬂgﬁﬂ?ﬁﬁ 540 nm
was recorded, and normelized to correspond to that of a 65 mcronmeters thick
film This normalized absorbance value was then converted to % Transm ssi on

and report ed. %hygtﬁﬁfep%&%g%u%a%ﬂ?g 1RGH %&%Q% éérﬁp hE Pﬁtér I owi ng

;exanpl es, all anounts, percent and par are ess erw se
speci fi ed. Z@@nﬁ)drf’aWbmeEscaZﬂﬂ"@ ForfeNDw@$ 2e¢)to 32 5C, pad@nbyO\Nmsghtttocﬁ‘IOREBAX 3533

parts by wERABIE R ey S5aed Meniat Broregais Paby B SoAs LR om cal

Panama Ci t 046 kickifleraydsHAdEX by anlindcB8n 3drt i4WZBne §Cz[rﬂVS(§xbL@ﬂ§fI’lf ayQi | abl e
from Anerican Leistritz Extruder Corporation, Somerville, NJ) and wth the

scr ew3conf clyiyrees addedtrengh gh ppeteput inbéehe 4 0T thlketheoughpaiewashd kg/tFeed Zone
wth a coolﬁg7tg§r@$t foll owed by ten heated zones. Zones 1-4 were set at
229C, Zone é e set at 221C, Zones 7-8 were set at 213C, and Zones 9-10

were set at 210Crheldignfouh8dd mARSIH] WaSfcaab tRl drégdid HMTo 5@% BadXoaR@lay Ter was
added in through an open port in the Feed Zone, and SYLVARES 2040 tackifier

was added d uaﬁiomr@mtmr&xamplezbmpmwdﬁdhabasﬂﬂlmmﬁmﬂ was 13.6 15

ki | ogranms/ hour (30 s 0 ded mater a drop
die and coated o C%gagg ‘/§ aﬁﬁﬁ%veng ?’f Ef(%?'&%qp%ﬁ%v ué'lle'flaeqcmﬁs%g ﬁodlhﬁfe

(availbabl e nfethoas apnnadhersthhbVelTsoTkDejret Patl 18 nrmesamﬁéﬁt BbardS40 Degree Peel
m croneters, and a coated w dth of_ approxi mat elﬁq cmto provide a base

film The Skeagthdires ta Pleia kid andSavitation VaidscAhe bawoﬁllm of Beak was m&mtect he
iner  ont o.Ml &3 M5 SRl GRRIdaulB 386e Tl SN e

adhesi ve ff accor ing’'to

outlined heablmbame; for 90 Degree Peel to Printed Crcuit Board, 90. Degr ee
Peel to Plain FR4, and Cavitation Voids. The base filmof Conp. Ex. 1 was
eval uated according to the test nethod Storage Shear Mdul us at 150C. Results
are féported in 25 Table 2. Example 2

The film of Ex. 2 was prepared using the components and procedure of Ex. I,
except that the amount of SCP CLOISITE 20A clay was 11.1 wt% and the throughput was
10 kg/hr (22.25 lbs/hr). The conductive adhesive film of Ex. 2 was evaluated according to
the test methods outlined hereinabove for 90 Degree Peel to Printed Circuit Board, 90
20 | Degree Peel to Plain FR4, and Cavitation Voids. The base film of Ex. 2 was evaluated for
Storage Shear Modulus at 150°C. Test results are reported in Table 2 below.

Examples 3-4
SCP CLOISITE 30B clay (organophilically-modified montmorillonite, available

25 from Southern Clay Products, Gonzalez, TX) was added to PEBAX 3533 polymer in the
BRABENDER mixer and mixed for 10 minutes at a temperature of approximafcly 165°C
and a speed of 80 rpm.

A portion of the mixture was then removed, and SYLVARES 2040 tackifier was
added and blended for 15-20 minutes at a temperature of approximately 150°C and a

30 speed of 80 rpm. The amounts of the components are given in Table 1.

The compounded material was pressed in a PHI Hydraulic Press Model
TS21-H-C-8 (available from PHI, Pasadena, CA), set to a temperature of 140°C, and with

a pressure gauge setting of 8896 newtons (2000 Ibf ). The film (between two release
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Example I SCP CLA SI TE 20A organophilically-nodified nontnorillonite, -
avail able from Southern Cay Products, Gonzal ez, TX, was added {pD&al 30550
m xture byyyeigidesPf 30 PEBAX 3533 pol ymer and SYLVARES 204@-tatlghhisgs such
that the overall conposition was 3 w. % SCP CLO SI TE 20A clay based on the
total weight of the PEBAX pol yner, plus SYLVARES 2040 tackifier plus SCP
CLO SITE 20A clay. -36 0 7 DEC 2005 WO 03/ 002682 PCT/ Os02/ 11309 The ext ruder
of Conpar afjhyg E)ﬁ@iﬂﬂn%uﬁle&"ﬁ%oﬂ@?ﬁ'hbpm%m%dvﬁmﬁtd?ﬁﬁc‘?ﬁth% setti ogg were
set to 229C, Zone was set to 221C, and Zone 10 was set to 210C. PEBAX 3533 .
pol yrer wasroe(d&dmtblamﬁlgm with a)wewtq@o filmithickngss mddn therrenged¥ Q2ARES7S 2040 -
tackifier was ad(iled through an injection port in Zone 2, and SCP CLO SI TE 20A
5 cl ay was™H agﬁ?ﬁrough an open port in Zone 4. Total throughput was 9.4
kg/hr (20.7 Ibs/Iw). The conmpounded material was fed to the drop die of
Comp. sEx. 1 and coated as described inpggaparative Exanple 1 to provide the
base filmof Ex., 1. The conductive adhesive filmof Exanple 1 was eval uated
according to the test chghgggbmods out] i negxhergimygboveg f org,9Q Paghee Ieel to
Printed G rcuit—Beares; fP@‘“"rcc Pee Strnnﬂfd.{, ZUI’C" t-o—F4 ai("fF.\z',, nd
Cavitation Voi BYLYWRES2M G atkifiof Ex. | wdd.Eval uatdd accobd ng tolthe test
nmet hod St or age 1500 Test I ults arfe reporied in able 2
bel ow. 15 Exa iﬁ??’ 1e%$@$8any WAS. nrt?\?rg)ared udi ng theéiormonents and
procedure of EEAX mgqmymdsrat t he am)unt1101f5 scp cla Sl TE1020A cl ay was

11.1 wt % and t'he—throughput—was—10—kgttr——(22:-25—+bsthr)—Fhe—conduct i ve
adhesive filmof Ex. 2 was evaluated according to the test nethods outlined

her ei nabove for T9e cbR@icEQe BasiveOr I @é@@v&hﬁt@ﬂ'a&ccﬁ@ﬁfg@o t0edlnbigonee Peel to

Plain FR4, and Cavitation Voids. The base film of Ex. was eval uated for
St or age Sh@lahnm&gncmbave fos 96 Deprest PfreéscuPnstedrCérquapﬁﬂaré.cPQ e grap Peel 20 Béinw.

Exanpl es 3: | TE, 3 an h|||c

m)n'zrp noril | ’taé-‘d %‘2{1%?855%019%5@ a%%g %&%‘f’ ehe@l%a@ CH/O(S%@?%G ggﬁ’ﬁﬂ?@us ﬁ‘X) was
addegpto PEﬁ)@Qg %r@ghyﬁermpmgdhgTaBmaﬁR m xer and m xed for 10 m nutes
at a tenperature of approxinmately 165C

Table 2
Test Method Comp Ex. ] Ex. 1 Ex.2 Ex.3 | Ex.4

Cavitation Voids - Large Large None Small ;| None
90 Degree Peel to PCB, N/mm 1.32 1.71 1.17 1.86 1.86
90 Degree Peel to Plain FR4, aged 1.50 1.90 NT (1) NT NT
15 minutes, N/mm _
90 Degree Peel to Plain FR4, aged 1.80 1.90 NT 1.43 0.22
24 hrs, N/mm
90 Degree Peel to Plain FR4, aged 1.60 2.30 _NT NT NT
1 wk, N/mm

‘ G' at 150°C (Pa) 900 2000 8000 NT | NT
(1) NT = Not tested

15 The data shows the effect of organophilic clay on peel strength build-up and

modulus at 150°C as measured by parallel plate dynamic mechanical testing.

Example 5
Film Ex. 5 was prepared using the components and pfocedure of Ex. 1, éxcept that

20 that amount of SCP CLOISITE 20A clay was 10 wt %, SYLVARES 2040 tackifier was
added through an open port in Zone 8, the screw speed was 300 rpm, and the zone
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and a speed of 80 rpm A portion of the mxture was then renoved, and
SYLVARES 2040 tackifier was added and bl ended for 15-20 mi nuteg 7aECa9005

t enper at ure_of apgzroxi mately 150C and a 30 speed of 80 rpm J,a& amount s of
the compoReR{Y Y given in Table 1. The conpounded naterial §"2g$%°§sed in a
PH Hydraulic Press Mbdel TS21-H C S (available from PH , Pasadena, CA), set
to a tenperature of 140C, and with a pressure gauge setting of 8896 newt ons

2000 | bf ). The film.(bet t .-37 WD 03/ 82 0 7 _DEC 2005
(PCT/ uso2/ 1&%‘69“%“5%?%"&&2‘%*?%@%@? f,%fé? ﬁregﬁfgm 5\;? ﬁo‘t39-9gk)ﬁ312£@ec9oﬁtléﬁ°% ang g

tenper at ur gcnelibi-nprot. m&&ougﬁmmmh@rp@zztimmrwth a resultant film
t hi ckness within the range of 62.5 to 75 "mcroneters. 5 Table 1 Conponent Ex.

" 3 (parts)Ex. 4 ([hsrcosju@yedRES filwasnckilited dkoidii® BthEER! Ble@idsk BRtlindaB

cval uat od BERGHEPYG ¥ SOTmErctee FePHd Coou Hreond CalsiBs Vs, 185 beor ce

- Peel 0 Priddugd afel epotidd iBaaibth 7 Bllowwegree Peel to Plain FR4, and Cavitation

Voi ds. The base filnms were evaluated for Storage Shear Mdulus at 10 150C.
Test results are reported in Table 2 below Table 2 Test MethodComp Ex. 1Ex.
1Ex. 2Ex. 3Ex. 4 Cavitation Voi d3imparatiye dxiiond&n2B| None 90 Degree Peel to

PCB, N nml. 321. 6. 90 .Degree Peel to Plain FR4, age . 501. 9ONT
(1) NTNT 15 ni nu%@’, &@hﬁ%ﬁ%t}?%‘ﬁ?ﬂ%@é ay, (Ggr P Ry bl sy SValsbleBRmL. 430, 22
24 hrs, N gBu@RrIeny FodRe, oz kA TX )R add@% PEBAX 3533 polymer in the
10 BRABENDER mixer and mixed for 10 minutes at a temperature of approximately 150°C '
and a speed of 80 rpm.
A portion of the mixture was then removed, and SYLVARES 2040 tackifier was
added and blended for 20 minutes at a temperature of approximately 150°C and a speed of
80 rpm.
15 Adhesive base films of Comp. Ex. 2 and Comp. Ex. 3 were made following the

procedure of Examples 3 and 4. The amounts of the components are given in Table 3.

Table 3
Component Comp.Ex. 2 Comp.Ex. 3
SYLVARES 2040 tackifier 10.8 11.15
SCP CLOISITE Na+ unpillared clay 2.7 0.7
PEBAX 3533 polymer 10.8 ‘ 11.15
20 ' ~ Comparative Examples 4-5

KAOPAQUE 20 clﬁ& (kaolin/China clay, available from Dry Branch Kaolin
Company, Dry Branch, GA) was dried for five hours in a 35°C vacuum oven at 340 Pa,
and was then added to PEBAX 3533 polymer in the BRABENDER mixer and mixed for
10 minutes at a temperature of approximately 150°C and a speed of 80 rpm.

25 A portion of the mixture was then removed, and SYLVARES 2040 tackifier was

added and blended for 20 minutes at a temperature of approximately 150°C and a speed of
80 rpm.

Adhesive base films of Comp. Ex. 4 and Comp. Ex. 5 were made following the

procedure of Examples 3 and 4. The amounts of the components are given in Table 4.
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1.602.30. NTINTNT 1 wk, NNmm G at 150C (Pa) 90020008000NTNT (1) NT = Not .
tested 15 The data shows the effect of organophilic clay on peel OstBENHH
bui | d-up aRé o3ngReeHzus at 150C as neasured by parallel plate 832$11309
mechani cal testing. Exanple 5 FilmEx. 5 was prepared using the conponents
and procedure of Ex. 1, except that 20 that anount of SCP CLAO SI TE 20A cl ay
was 10 wt % SYLVARES 2040 tackifier was added through an open port in Zone
8, the screw speed was 300 rpm and the 7gpe 4 38 WO 03/ 002682 07 DEC 2005
PCT/ US02/ 11309 tenperature settings were: Zone 1-4 = 229C _Zgnes 5-8 = 199C,
Zone 9 = 188C, an ZoneCd@pench(7C. Tofal CdinpEghput wa@o}qg,_}gg,/jlr (22. 22

| bs/ hr). The con ' ' ' “was—evatvatedraccoratng—to—f he test

met hods out i ned |NArVARESAMMOfeskifow Dbgree P88 to Mrintdd-Brcuit Board and
Cavi tation Voids. 2y1 FTE S eported, 4n Tablle 7 belpw. Oolr:rparative
Exanpl es 2-3 SCP |CLOLS at_unpillared ay. (s .L_e_h.)Lg_aphLJ_L ililc clay,
avai | abl e from SFHB?EX 3583 pylyRreoduct sy Gonzad8z, TX)| was lddibed t ol PEBAX 3533
polymer in the 10 BRABENDER T Xer —and T xed fOor 10 m nutes at—a tenperat ure
of approximately 150C and a speed of 80 rpm A portion of the m xture was

t hen renoved, and SYLVARES 2040 C@angaifitive Bxasnpleslddd and bl ended for 20

m nutes at a tenperature of approximately 150C and a speed of 80 rpm 1

5
Adhesi ve base filPRIESLAY gly (eolinclaypvedaple from Ral. Wandepl Co dpg- HNemglk.he

rocegqure . T t Cven in
DTS © e FE B To Ao R 9530 ey’ R36RAPARERhS12h Sald®
t acki fi er 1LPEBIX B53566 yGleDirStheEBRABENDER iz echnd|raik2d 76r. 10 Mot 4233

pol ymer 10. 811. 15 .
temperature of approximately 150°C and a speed of 80 rpm.

A portion of the mixture was then removed, and SYLVARES 2040 tackifier was
added and blended for 20 minutes at a temperature of approximately 150°C and a speed of
10 80 rpm.
Adhesive base films of Comp. Ex. 6 and Comp. Ex. 7 were made following the

procedure of Examples 3 and 4. The amounts of the components are given in Table 5.

- Table 5
Component Comp.Ex. 6 Comp.Ex. 7
SYLVARES 2040 tackifier - 108 1115
DIXIE CLAY clay 27 0.7
PEBAX 3533 polymer 10.8 11.15

15

Comparative Examples 8-9

KALLOID clay (kaolin clay, available from Unimin, New Canaan, CT) was dried
for five hours in a 35°C vacuum oven at 340 Pa, and was then added to PEBAX 3533
polymer in the BRABENDER mixer and mixed for 10 minutes at a temperature of
| 20 approximately 150°C and a speed of 80 rpm.
A portion of the mixture was then removed, and SYLVARES 2040 tackifier was

added and blended for 20 minutes at a temperature of approximately 150°C and a speed of
80 rpm.
Adhesive base films of Comp. Ex. 8 and Comp. Ex. 9 were made following the

25 procedure of Examples 3 and 4. The amounts of the components are given in Table 6.
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20. Conpar ati ve Exanples 4-5 KAOPAQUE 20 clay (kaolin/China clay, available
fromDry Branch Kaolin Conpany, Dry Branch, GA) was dried for 0.4 8ERAWbs in
a 35C vac t 340 Pa, and was then added to PEBAX 3 in the
BRABENDERLWmmxde%)r{)%gGr’f m xed for 10 minutes at a tenperature g‘ﬁé}%ﬁ%’wﬁ%ta y
150C and a speed of 80 rpm 25 A portion of the m xture was then renoved, and
SYLVARES 2040 tackifier was added and bl ended for 20 m nutes at a
tenperature of approximately 150C and a ?Qﬂ?% of 80 rpm Adhesive base filns
.of Conp. Ex. 4 and Conp. Ex. 5 were made foll'owing the procedure of Exanples
'3 and 4. The anoynts of @&gcgg&gponents ar op/en § N fabgnp.Ex. 39 \ﬂ\D 03/ 002682
. Tabl e 4 07 DEC 2065—PREH-USB2/-+1309—CoppenrentCorp—bBd—4Corp—=-—5-{SYLVARES
2040 tacki fi er 10.|8¥1L.ViSRERGOAQLEKUE®r c| Ay 2. 7008 PEBAX| 35331pdbyner 10. 811. 15

Compar ati ve Exa r | X ECLAY clh Kagld4 n claly, avajlable Tfirom R T.
"_Vagger bilt Co. ﬁfﬁoﬁké\@c Y 5 CT) Z r(“iri gr? for fyve hn?;j&j n 4 35C vacuum
oven at 340 Pa, e}BEBW&G%:ﬁEpolgﬁheed to | PEBAXI®B8&33 po| yrmer 1i.n5t he BRABENDER

m xer and m xed f to—mnutes—at—a——tenperature—of—approximatety- 150C and a
speed of 80 rpm A portion of the m xture was then renobved, and SYLVARES 2040

tackifier was gigadctvethdbtGRIBEnS &rc&ﬁgﬂﬁw ERarAplesi] looRBre ethibRd Abcording
approxi matel y 150C and a speed of 10 80 rpm Adhesive base filns of Cornp

Ex. 6 and twhs tesemettpdseutined dereinsbpuefor§0tPegreg,Pesd teiBriated Cimuitfnad ag and 4.
The agount h nen r iven, . 5. Tabl e 5 Component Conp. Ex.
6ComoEx. Eallpl Ay ERID TR AR he P T LBy et A ¢ 2y 70.7 PEBAX 3533

pol ymer 10. 811. 15

Table 7
Bond Time at 285°C : 90 Degree Peel to PCB

Ex. No. Set Point (seconds) Cavitation Voids (N/mm)
Comp. 1 1 None 0.50
Comp. 1 2 Large 0.80
Comp. 1 3 Large 1.15
Comp. 1 5 Large 1.32
Comp. 2 5 Large 1.50
Comp. 3 5 Large 1.19
5 3 None 1.07
5 5 None 1.12
Comp. 4 5 Large 2.13
Comp. 5 5 Large 2.35
Comp. 6 5 Large 1.88
Comp. 7 5 Large 2.29
Comp. 8 5 Large 2.10
Comp. 9 5 Large 1.68

The data show that the presence of the organophilic clay helps to reduce cavitation

10 void formation while also increasing peel strength.
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15 Conparative Exanples 8-9 KALLO D clay (kaolin clay, avail able ‘;r m_kni m n,
New Canaan, CT) was dried for five hours in a 35C vacuum oven EE E)Zﬂﬂé, -and
was then eslgshodgsPEBAX 3533 pol ynmer in the BRABENDER m Xepcaa@oifesesd for 10
m nutes at a tenperature of 20 approxi mtely 150C and a speed of 80 rpm A
portion of the m xture was then renoved, and SYLVARES 2040 tackifier was
added and bl ended for 20 m nutes at a tenperature of approximtely 150C and a
speed of 80 rpm Adhesive base fil mggimbless.8 Ex. 8 and Conp. Ex. 9 were
made follow ng the 25 procedure of Ew—rrﬁ‘m and 4. The anounts of the
conponents are giivemfilms wetsi epared apfodlpWdDEC 2005 WO 93/ 002682 Tabl e 6

acki 1 e 10 811 o RARECH BOAPay 878 o ot LENAAETORE Wt Sromconauct i ve

adhesi ve figd.we BrabdadepRisatinéarsEnanphah HacRenvacle, Mavaleradygdndehinediwith SCP t he
test nmethods outlined herei nabove for 90 Degree Peel to Printed Circuit Board .
and 5°3Cavi diPEHTE@0dsclay fogtl Orrainytasat a temparplyrg el 3R Cusige screxs|spogd ofabl e 7
Ex. No. Bondl ' at 285C Cavitation Voi ds90 Degree Peel to PCB Set Point
(seconds)(NPWOorrp. 11None0. 50 Conp. 12Large0.80 Conp. 13Largel. 15 Conp.

15Largel. 32 ConmA paﬁioWCQQHis mixf@dwas leh2ogdineinIBNBRABENDER with PEBAX

3533 polymer and mixed for 10 minutes at a temperature of 150°C using a screw speed of

80 rpm.
10 Adhesive base films of Ex.6, Ex.7, and Ex. 8 were prepared as described in

Examples 3 and 4. The amounts of the components are given in Table 8.

Table 8
Component Ex. 6 Ex.7 Ex. 8
SYLVARES 2040 tackifier 11.5 10.85 9.62
SCP CLOISITE 20A clay 1.3 2.7% 5.18
PEBAX 3533 polymer 11.5 10.77 9.6
15 Conductive adhesive films of Ex. 6, Ex. 7, and Ex. 8 were evaluated according to

the test methods outlined hereinabove for 90 Degrcei Peel to Printed Circuit Board and

Cavitation Voids. Test results are reported in Table 10 below.

Examples 9-10

.20 Examples 9-10 were préparc;d using the same components and procedure of

Exs. 6-8, except that ODA/CWC organophilic clay (available from Nanocor Inc.,
Arlington Heights, IL) was used in place of SCP CLOISITE 20A clay.

The amounts of the components are given in Table 9.
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- “screw speed of

S55Nonel. 12 Conp. 45Large2.13 Conp. 55Large2.35 Conp. 65Largel. 88 Conp.
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presence of the or

formati on Wi §340248

ganophlllc clay helps to reduce cavitation
0 increasing peel strength. 07 DEC 2005 PAB/EHPA882
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PCT/ US02/ 11309 Exanples 6-8 Three filnms were prepared as follows: SYLVARES
2040 tackifier was placed in a BRABENDER (avail able from C W Brabender
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,CLAO SI TE 20A clay for

Sout h Hackensack, New
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‘of
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mirE 20A
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ndEx8
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eported i n Tabl SORCRer Al SRR ETY an BY I TR i
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the test nethods outlined her ei nabove for

B

epar

acl8Rfin

wer e

Lf%t ar:e

using the smmfhodooquhnedlhaemaﬁowfer:% ﬂDtgrlePeeE@PmﬁecBCueim Bphrd 4wt CHONALNC

or ganophi | i cla allablefr Na cor_|nc. Arlington Heights, IL) was
used i pl at@dss *3%15‘”(‘1‘@@ “FEO‘Q > 10 below.
Cavitation Voids 90 Degree Peel to PCB,
Ex. No. (280°C Set Point) (N/mm)

6 Small 1.27

7 Almost None 1.09

8 Almost None 0.93

9 Small 0.81

10 Small 0.42

- The data shows how the presence of the organophilic clay affects cavitation void

10

formation and peel strength.

Example 11
The conductive adhesive films of Comp. Ex. 1 and Ex. 2 were made into test *

assemblies and tested according to the test method In-Situ Electrical Measurements

15

During Application of Shear Force.

Results are shown as the Median Resistance of twelve interconnects (in

milliOhms) as a function of the stress and temperature condition imposed.

Median Resistance, mOhms
Ex.No. | Condition 1 | Condition2 | Condition 3 Condition 4 | Condition 5
Comp. 1 18.3 40.9 42.75 173.15 47.5
2 8.25 10.0 9.8 32.0 21.55
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The amounts of the conponents are given in Table 9. WD 03/002682 Table.9 0,7
DEC 2005 PCTI US02/ 11309 Conponent Ex. 9Ex. 10 SYLVARES 2040 tacki f D&rDEL. 2885, 62
DA/ CWC ¢ PEBAX 3533 pol yner11.59. 6 Conductive ad ' i of
Ex. 9 and@.%@gﬁé/\zggre eval uated according to the test nmet hgg?ﬁéﬁ%’ﬁs{r’]ﬂg
her ei nabove for 90 Degree Peel to Printed GCrcuit Board and Cavitation 5
Voi ds. Test results are reported in Table 10 bel ow. Table 10 Ex.

No. Cavi tati on Ve g i @Iﬁgfyll.ﬂ
7Al nost Nonel. Og%ﬁa%%%%oﬁg r%%ﬁ%{%h%%@g%ﬁ: Sg%ZATEFQﬁ(eSNgg?épS owsIc how -
t he presendle @fctribal resigtancepta ¢hapgingdyvels bshiesr fraced actingem akord. 10 formation =
and peel strength. Exanple 11 The conductive adhesive filnms of Conp. Ex. 1
and Ex. 2 were made into test assenbljes ri\n tested according to the test
method In-Situ Electrical Measurenent 5@ ing Application of Shear Force.

Resul §s are showheagnidiee B%‘s@ifﬁﬂxs B8 ExahPRCLaft] CBP@I‘?Eﬁéﬁvé ER%@?H’P%P&e&E&‘ for

mlliChnms) as a function of the stress and tenperature condition | npose
Medi an Resimstrease @&y stoigesndduluiNG’ Tanal furiction dbCagidp tinenac2Godinlg td the t&Caredidadi on

4 iti np.. 118..340. . 75173..1547. 5 28. 2510, 09. 832. 02]. -43 |
Condi ti OnDSGtecz:x‘ﬂ ation o% S::’or.gge9 éﬁearﬁo ulus5 as algunc%on%jf('}‘lr?lg. %e rgsu ts 2r5e shogvn in

the following table:

10 Table 11

G’ of Comp.Ex. 1 G’ of Ex. 5
Time at 70°C (min) measured at Time at 70°C (min) measured at
for Comp. Ex. 1 1.2 Hz (Pa) for Ex. 5 1.2 Hz (Pa)

0 9.24E+04 0 5.19E+05

4 9.38E+04 7 6.52E+05

40 1.11E+05 . 13 7.58E+05

154 3.51E+05 19 8.52E+05

233 5.07E+05 25 9.27E+05

801 8.63E+05 30 9.99E+05

1281 9.28E+05 44 1.16E+06

75 1.42E+06

1140 2. 77E+06

Example 13

The adhesive base films of Examples 3 and 5, and Comparative Examples 1, 5, 6,
7, and 8 were tested according to the test method Determination of Melt Endotherm via
15 Differential Scanning Calorimetry. Results are shown in Table 12. For further
comparison, a sample of Example 1 was stored at ambient conditions for 7 months. At the
end of this time the sample was tested according to the method Determination of Melt
Endotherm via Differential Scanning Calorimetry, except that the sample was placed
directly into the Differential Scanning Calorimeter at 25°C, and was not subjected to the

20 170°C oven step. The resultant melt endotherm measured was 2.7 Joules/gram (J/g).



07 DEC,2695, WO 03/002682 PCT/ US02/ 11309 The data shows how the presence of
the organophilic clay affects the response of the electrical rdsiBiaife to
changi ng | shear force acting on a bond. Exanple 1 adhesi ve
base fil rrs‘ﬁéﬁ!’@izggr%pl e 5 and Conparative Exanple 1 were test %Uﬁg&m?(ﬂcr ease
in storage nodulus (G ) as a function of aging tinme according to the test
nmet hod Determ nation of Storage Shear Mdul us as a Function of Tine. The
results are shown in the follow ng tabpgi, &0 Table 11 Time at 70C (mn) G
cof Comp.Ex. 1 Time at 70C (nun) G of EX. 5 tor Conp. Ex. lneasured at for
"Ex. 5Sneasured gt 1.2 Hz (Ba)Ne.2 Hz (Pa) 09. 24E4340 Enl3Biddm %)38504 6. 52E+05
401. 11E+05137. §8E+05—154353E+05198—52E+p5—2335-0+E+05259-2/=+05

" 8018. 63E+05309./99E+05 128193 28E+05441. 16E+06 751. 42E+868 11402. 77E+06| Exanpl e
13 The adhesive base fi1lnms of Exanples 3jand 5, and arative Exanples 1,

5, 6, 7, and §-were tested according tolthe test petfiod Determnatipn of

" Melt Endothermivia 15 Diddngp.enti al Scanping Cal ori meprgy. Results arp shown
in Table 12. For further—_ctonparisom,a sanpte—of—Exanpte—t—was—stored at

ambi ent condi tilons for 7GMM-Rs. At the |end of this _-??re t he sanpl ef was
tested according to the '@H}Q% Determ nation of Melt 5kadothermvia

Dfferential S¢arrtrg—Cal-eorH-ret+y—except—th

directly into fhe Differ &vmml? Sz:anni ng [Cal ori meter &.325C, and was hot
subj ected to the Comp. 8 0.39
Example 14

Adhesive base films of Example 2, and Comparative Examples 1, 4, 6, and 8 were
-5 tested according to the method Determination of Percent Transmission of Films. The

results are reported in Table 13.

Table 13
% Transmission at 540 nm normalized to

Ex. No. . 65 micrometer film thickness
Comp.1 89

2 85
Comp. 4 27
Comp. 6 9
Comp. 8 16

| 10 The complete disclosures of the patents, patent documents, and publications cited

herein are incorporated by reference in their entirety as if each were individually
incorporated. Various modifications and alterations to this invention will become
apparent to those skilled in the art without departing from the séope and spirit of this
invention. It should be understood that this invention is not intended to be unduly limited
15 by the illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.
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20 170C oven step. The resultant nmelt endot herm neasured was 2.7 Joul es/ gram
(J/g). 07 DEC 2005 WD 03/002682 Table 12 PCT/ US02/ 11309 Ex. No.Nﬁlyggpgmﬁherm
(J/g) 34.8 54.4 Conp. 10.8 Conp. 50.27 Conp. 60.26 Conp. 70.35 Conp. 80.39
Exanpl e 14 Adhesive base filnms of Exanple 2, and Conparative Exanples 1, 4,

6, and 8 were 5 tested according to-the nethod Determ nati on of Percent
Transm ssion of Filnms. The results are reported in Table 13. Table 13 Ex.

No. % Transm ssi on at 540 nn1norna|ize%1t%L@§ m crometer filmthickness Conp.

| 89 285 Conp. 427 Conp. 69 Conp. 816 conpl ete di scl osures of the
patents, patent docunents, and publications cited herein are incorporated by
reference in their entirety as if each were individually incorporated.

Vari ous modi fi cén dertrieally candestivepghgsivecomposiipp GemPIIYgREw | | become appar ent
to th Killed i , t. W ' : nLrit of
e e el B it

this invention. It s nder s nventi on not i nt ended

to be unduly |imdrﬁ6?lk5tid?%olylh@r, b}’)ﬂimw&mevﬁn&rdmmmsﬁc polgnexhnpl es set
forth herein and that such exanples and enbodi nents are presented by way of
exanpl e only wi thidropholigiope of the invention intended to be linmted only by

, the clains set forth bS'er eiag e?e%tric%llgl %ﬁducgvgﬁ%c);ngo%érated into the adhesive

component; and

c) a clay component incorporated into the adhesive component, said
clay component comprising an organophilic clay, optionally wherein the
organophilic clay is at least partially exfoliated; and optionally

d)  atackifier. '

2. The electrically conductive adhesive composition of claim 1, wherein the percent
transmission of the electrically conductive adhesive composition in the visible region of
the spectrum is at least 80% of the percent transmission of an identical adhesive

composition containing no organophilic clay.

3. The ¢lectrically conductive adhesive composition of claim 1, further comprising at
least one curable material selected from a monomer, an oligomer, a polymer, and

combinations thereof.

4, The electrically conductive adhesive composition of ¢laim 1, wherein the semi-
crystalline, thermoplastic polymer comprises at least one polyether chain segment and at

least one polyamide chain segment.

5. The electrically conductive adhesive composition of claim 1, wherein the clay

component comprises an organophilic smectite clay.
6. The electrically conductive adhesive composition of claim 1, wherein the

composition comprises from about 1 to about 25 weight percent of the organophilic clay

based upon the total weight of the composition.
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CLAI M5 An electrically conductive adhesive conposition conprising: a) a

pol ymeri c adhesive conponent, conprising a sem-crystalline, thdynhdpl 28ic
pol ymer, optionally wherein the thernoplastic polymer is hydrophobic; b) an
el ectrically conductive filler incorporated into the adhesive conponent; and
c) a clay conponent incorporated into the adhesive conponent, said clay
conponent conprising an organophilic clay, optionally wherein the
organophilic clay is at least partially exfoliated; and optionally d) a i
tackifier7 2, Tihe cidotidally cahductive adhesive vemadsitien vkclgiomposharéionhof claim 1, |
wherein the percent transm ssion, of the electrical cqgnducti ve adhesive '
‘conposi t i §Wcﬁﬁailhé°9‘?1§‘lﬂm Z‘HF’é@W‘SS‘f a phuplity Bgﬁlf?tﬂﬁ?ll?s/co&ﬁ“‘i‘é’ﬁsl’f‘“%?o of the

per cent t%ﬁ@%p}§§k9gk9 ahdudev il adhesive conposition containing no
organophi It c clay. 3. e electrically conductive adhesive conposition of
claim1l, further conprisingiat |east one curable material selected froma

nononer, an oligoner, ,a polyner, and . conbinations .thereof. 4,. The

el ectri ca%t y coﬁ@g‘iﬁf‘itwngd’ﬁ‘ dichiye adhrsygicPmpRsIBen EF‘QF'H? i’,‘g}\’/ﬂﬁ%‘f’@‘h the sem -
crystalli kdsC ' ghain
ceqment . angmRPIEPEEBBAKS0 BUONTRInE RRRi SF e Tilcr BAEH WRE URLUPYIERE BY
conduct i vehaehdmposugorconposi tion of claim 1, wherein the clay conponent

conprises an organophilic snectite clay, 6. The electrically conductive
adhesi ve conposition of claim1, wherein the conposition conprises from

about | tg abou i ner cer Ll Yeeors 4 n the
foral wel ght  of PR dEefRbyRfl R HegRics! ARnRbBARATLcn (s er AAE AP
conduct i veoadiesisyeommishastht isep of tleclridiliy douplihg aeklectridsl coalppatttional fivy
conductive filler conprises a plurali t‘g/ﬁ of electrically conductive particles,
and/ or an SUPEEEY foc 415F e gamPPRRE 8% p SeRong Stradiurediseaniadhesive COmRISEPy e
adhesi ve GOIRRRESLOP =k 2l ﬂ.féeg N b A elat bt to 80
vol ume pe%cg}ent (k)?wé)ﬁoeﬁ%?bﬁ“g!r@b Srgs uagrl]&tu?]ée?a‘ﬂ?fg?g \%i’ E?r}e%@g Qaﬁﬁgﬁg?)nn%(osi tion.
any one of the preceding claims, ‘

10. A method of making the electrically conductive adhesive composition of any of
claims [ to 8, comprising the steps of;
a) incorporating the organophilic clay into the adhesive composition;
and
b) afier incorporating the clay into the adhesive composition,
incorporating an electrically conductive filler inito the adhesive composition,

optionally wherein steps (a) and (b) are carried but with substantially no solvent.

11, The method of claim 10, wherein the electrically conductive adhesive composition
is derived from a plurality of ingredients in addition to the clay, and said method further
comprising the step of causing the clay to be exfoliated by first combining the clay with
one or more of the ingredients with which the clay is more compatible relative to the other

ingredients of the composition.
12. An electronic assembly, comprising:

a first structure comprising a first electrical component;

a second structure comprising a second electrical component; and
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9. A nethod of providing an electrical connection between first and second

el ectrical conductors, conprising the step of electrically couplipfg mm

el ectrical conponent on a first structure to an electrical conponent on a
second structure using an adhesive conposition,' said adhesive conposition
conprising an electrically conductive adhesive conposition of any one of the
preceding clainms. 10, A nethod of naking the electrically conductive adhesive

conposition of any of .claips,. tg 8 conprising the steps of. .a) .

ncor porating tRESTRIE RRAeEve afhesive sombrsidondrunryly Bimektigeidand by
after incorpor giNgdisBéndlefétridal SorhpsheAQNAT YenFRNRASIonRling do9 QR BAIRL I Ng an
el ectrically conductive filler into the adhesive conposition, optionally
wherei n steps (edectrigadly cbydugtive edhesive gompesitipnstofanponanf ¢laim ¥ thd. sol vent . 11.
The met hod of claim 10, wherein the electrically conductive adhesive
conposition is derived froma plurality of ingredients in addition to the
clay, and3ai d THRidtohidkteibly 6PERIM $2 MdeleitetheleRRirRhl1g bRduRAYe hdheSil@y to be
exfoliated by first conbining the clay with one or nore of the ingredients
wi th whi clompesigbays unsanisstrepisalipele¢tbcdly einduiting adbesiveecammpositioni ngr edi ent's of
the conposition. 12. An electronic assenbly, conprising: a first structure
conprising a first electrical conponent; a second structure conprising a
second el qqt ri ¢ ele@RPLARERINduAR@ dhdsivRbpQEmpaBing! ectrical ly conductive
adhesi ve conposition electrically interconnec?ing said first and second

el ectrical conponentashackiagdansonpositi on conprising any one of the
electrically conductjve adhasive,conpositions of .any one.of claiml to 8. 13.
The el ectronic asserﬂ?leyecgrfca@?zgf)?rqlfg%@e&v% CPWEO%\%%%?WO@AWSP TWfduct i ve
adhesi ve conpe$dikisQnoigs an ani sotropically electrically conductive adhesive
conposition, 14. An electrically conductive adhesive tape, conprising: a
backi ng; and an electrically conductive adhesive conposition according to any
of clainms 1 to 8.
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