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ADHESI VE COMPOSI TI ONS AND METHODS OF USE 5 FI ELD OF THE | NVENTI ON The
present invention relates to :screen-printable adhesives and heat-curabl e
adhesi ve fil ngooffgeGROUND OF THE | NVENTI ON Screen pri nti ngpefugsthesiives is
known in the art and is used advantageously 10 to apply adhesives to

sel ected areas on a substrate. The adhesive printed or coated areas can
subsequently be used to adhere to a second substrate. Typical screen-
printabl e adhesi ves are pressure-sensitive adhesives which are tacky at
roomtenperature, or heat-activatable adhesives, which are not tacky at
roomtenperature, but ADIESVECQMRASIIONS AND MEITHORS OFf USE
screen-printable 15 adhesives include (neth)acrylic polyners and

copol yners di spersed in an organic solvent or water. Acrylic adhesives,

bot h- pressur ¢- SGIELD OFETHRINVENTIONt | vat abl e types, are widely used in

I ndustry because they are stable over tine, and they can be fornmulated to
adhere to a wide var T8¢ pregsmt invemtionaplates tpy scresrrprintable pdhesivegang heat-cpppble
adhesives are prag%'g{vgqihgsﬁ taught in U.S. Patent No. RE 24,906 (U rich).
Wth the advent of nore stringent environnmental controls, the technology in
adhesi ves i n geBAGKGROUND OF\K OIEIN ent-based materials to

wat er - based materialg, and.to a.degr.ee,, solvent-free mater.i al s,
Sol vent-free acryl at g“mwg?fﬁ‘ﬁgs‘ﬁ?ﬁ)‘ﬁfﬁ“%mf%ﬁ“W’?/BW&%MF@E%i es of

processi ng siych 1ggppheadtesicls ¥ 8é1é dar&2dhiaubsiatt. 'The hatlesiVE phted 61¢oad Whi ch
I ncl udes E-beam curing, ultraviolet |ight processing, and ganma radiation

processi ng. Sol \eeeas cfnrsubseguently [be mbesdo toi a Second substraten dwpicaliscueere art, but

they would provigde ljttle. utili for adhesimvel v bondin 0_0t her
substrates si ncé’n‘?‘ﬁé‘f atg{?eem%s Sﬁ%lpg;;égcs:ufgges sﬁ‘r‘\’ %heg‘r‘\%s‘ﬁ mﬁ%"teq?cli%\?v 5P becone
tacky on heat i ngempdrituseyorteat-activatibile adiesiosss atlichdivami tacky arreéomiescri bed in U
S. Patent No.

temperature, but become tacky when heated. Examples of screen-printable
15 adhesives include (meth)acrylic polymers and copolymers dispersed in an organic
solvent or water.

Acrylic adhesives, both pressure-sensitive and heat-activatable types, are
widely used in industry because they are stable over time, and they can be
formulated to adhere to a wide variety of different surfaces. Typical acrylic

20  adhesives are prepared as taught in U.S. Patent No. RE 24,906 (Ulrich). With the
advent of more stringent environmental controls, the technology in adhesives in
general has evolved from solvent-based materials to water-based materials, and to a
degree, solvent-free materials. Solvent-free acrylate adhesives are known and fall
in various categories of processing such as heat-activatable coating and radiation

25 curing which includes E-beam curing, ultraviolet light processing, and gamma
radiation processing. Solvent-free crosslinked compositions are known in the art,
but they would provide little utility for adhesively bonding to other substrates since
they are highly crosslinked and do not flow or become tacky on heating,

Ultraviolet light processed adhesives are described in U. S. Patent No.

30 4,181,752 (Martens et al.). While known adhesives processed by ultraviolet light

have their own utility and advantages, they do not screen print well because they
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30 4,181,752 (Martens et al.). Wile known adhesives processed by
ultraviolet Iight have their owm utility and advantages, they do not screen
print well because they - 1I- WO 97/ 43352

PCT/ US96/ 18 to beconme stringy during screen printi an
ongoi ng neeﬁé@.}g for pressure-sensitive and heat-activﬁg{s@@g’r‘een
printable adhesives that are solvent- free, can be screen printed w thout
the use of a dgediebecomerstringysharing sogesnriting:r Thitss aarapgbing needexists for r engt h. s
An adhesi.ve that has_the abili to tablish |tipl.e di screet electrical
connect ons, - dFeEHeFrouRe PR derh BB Rispiset pitdPle irBriler bl B st ot oo s
nown as an - dfdesdahbe e t ¥ Qs IVéft, an i od, shéapese

k . " SfdeScahbe Bére@ priqtedoithiont he @sestaad andIprevidéigdod, shédr

adhesives are in the formof transfer tapes or free standing filns where an
i nsul ati ng adH&engieandpee] strepgtht ai ns sufficient conductive particles to

all ow el ectgical c : 4 L Cles . t L m (the
Z-axi s) V\/ni5| e provi %&%\%rhé%t%%@? ??/llilp;t oije%a?lifg H%Fg&ﬁgagﬁg?ﬁ%%ﬁckﬂm Such film
types are knovonsestioms; afténin axthemssly elofe proxitnity] betwiéen. tivo Sulisyrpies slknowe for this
o e oot | e R R o BBy Dl b PR KR o
circuit board.g £ 501 e stafidih EWi ﬂf@ﬁﬁﬁ% t he
literature. So?rle}éggmtnﬁeegngAF matserl a gﬁhseh%%)%}?’é‘ggtl e tot-n%tﬁat{ type
adhesi ve conpowitains ssffisigntronductivy paticebutaidveleelrichlnoadwctioh dobughdho| yner s.
They provide a, long shel k. life and short hond tines at. l.ow t eratures.
However, t ey%’ﬁgwgi)%{}.ﬁe E‘g% k‘é‘? Qﬁ@g ‘?S']H%&“é‘(}g'f‘ﬁﬁo Fﬁé‘?@&?"&y&?ﬁ{'ea‘ﬁ%}gﬁé mdity

agi ng. O her ZrEfmt Suchdlis ty4%s ated QWA S tz-2s adIRSiVESImsh at “ZAPSSA | nk, usual ly

with the aid of curatives or catalysts, at the bonding X
typical use for this adhesive is to provide connection between a flexible printed

circuit and a rigid circuit such as a flat panel display or epoxy-glass laminate
printed circuit board.

15 Several ZAF materials are described in the literature. Some of these ZAF
materials use non-reactive hot-melt type adhesive compositions such as
styrene/butadiene/styrene block copolymers. They provide a long shelf life and
short bond times at low temperatures. However, they show poor resistance to
elevated temperature and humidity aging. Other ZAF materials use thermoset

20 resins that crosslink, usually with the aid of curatives or catalysts, at the bonding
temperatures. However, these ZAF materials typically require high bond
temperatures, such as 170°C or higher, and are difficult to use on temperature
sensitive substrates.

Additionally, known ZAF materials are manufactured using solvent

25 casting. Solvents usually must be captured or destroyed, and solvents can lead to
damage of substrates and components. Additionally, the use of catalysts which are
effective at lower temperatures typically leads to reduced shelf life of the ZAF.
The use of photoactivated curatives in ZAF materials is also known. However,
these adhesives need to be protected from light to avoid premature photoactivation.

30  The methods of the present invention utilize heat curable adhesive films that are

capable of rapidly bonding at low temperature, have a long shelf-life at ambient

-2



tenperatures. However, these ZAF materials typically require high bond
tenperatures, such as 170[err]C or higher, and are difficult to use on
tenperature sensitive substrates. Additionally, known ZAF materials are
manuf act ur edwisdmagsssol vent 25 casting. Sol vents usual |y migirnsee/mant ur ed
or destroyed, and solvents can |l ead to danage of substrates and conponents.

Addi tionally, the use of catalyst ich are effective | ower
tenperat ures tyFPRIRHLP flgigpdgv@%sstybia‘f’)hggacagﬁg«f?r 4‘?‘7‘?} %qmﬁ%‘é’nﬂﬁraThe use of
phot oact i vat ed géloAged\Riod 6¥tif¥; materials is also known. However, these

adhesi ves need to be ]Prot ected fromlight to avoid premature
phot oact i vat i onSUMMA he present invention utilize heat

Comper at or o, have o TERah ARFRGRAOME (orekaphitaile LAGAE odhoni
PCT/US96118F11 dapatidesfbeingapplivido pisobstrdie astoah tempéremterdoampisiag theor t her mal

connections over a prolonged period of tinme. SUVWARY OF THE | NVENTI ON The
present i nvent i GHOWNEGPBBANEASS cr een- pri nt abl e adhesive conposition 5

capabl e of being apQL)i eg%gg, ?ﬂ‘*@?%g’eﬁ"%fﬂ %gxg?giﬁﬁr%*ﬁ%tgnﬁgm&si ng the

fol |l owi ng conponents:” ( arts east one al kyl
acryl ate nononer; (k) O1t¢ 35 patsanveight pf seaghoneatinfurcihgemboromer;r ei nf or ci ng

conononer; (c) fr 25,0 150 rt | vepoxi de resin per 100 parts
acrylate 10 rm_norre?%_; aﬁ‘(‘,f“‘(%ﬁ510 19@3“@%@3@?’5@" G Isd(?fpaﬁsﬁ eacti vat abl e
pol yepoxi de g eShbndhtersd; Afid

(d)  aneffective amount of a heat-activatable polyepoxide resin curing

agent,

wherein said composition and components are substantially solvent free

and said composition has a yield point of greater than 3 Pascals and a viscosity of
15  less than 6000 centipoise at 25°C.

In another aspect, the present invention provides a screen-printable
adhesive composition capable of being applied to a substrate at room temperature
comprising the following components: |

(@ 25 to 100 parts by weight of at least one alkyl acrylate monomer;

20 (b)_ 0 to 75 parts by weight of at least one reinforcing comonomer; and -

(c)  aneffective amount of a core-shell polymer or a semi-crystalline
polymer to provide a screen-printable composition,

wherein said composition and components are substantially solvent free
and said composition has a yield point of greater than 3 Pascals and a viscosity of

25  less than 6000 centipoise at 25°C.

In another aspect, the present invention provides a method of providing an
electrical interconnection comprising the steps of:

a) applying a heat-curable electrically conductive adhesive film to an
electrically conductive substrate, said adhesive film comprising an acrylate

30  polymer, a polyepoxide resin, an effective amount of a heat-activatable modified

aliphatic amine polyepoxide resin curing agent, and an effective amount of an
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agent, wherein said conmposition and conponents are substantially sol vent
free and said conposition has a yield point of greater than 3 Pascals and a
viscosity of 15 |ess than 6000 centi poise at 25[err]C. |In another aspect,

t he present Lon provides a screen-printable adhesiv LIJ On
pd AR p LD

capabl e of Ing applied to a substrate at room tenperature I ng the
fol I owi ng conponents: (? . 25 to 100 parts by weight of at |east one alkyl
acryl at e nmonorslgctricatly conductive(material Gaidgcrylatppolymerspmpeisigitheof at | east one

reinforcing co [ ef fective anount of a core-shell
sﬂéﬁ?@%@n@?&u{)ﬁ )prodrla%f

pol ymer or a I'ne*pol'ymer to provide a screen-printable

conposi tion, wherein safijl coapsadylatedivonomer;apdponents are substantially
solvent free and said conposition has a yield point of greater than 3

Pascal s and a viscosity@f 2acrosgigkingagent badpe ensrylglsmaietiyt 25[err] C. In
o t . . ) ' . er!
anot her aspectyhddif sl @&ﬁﬁ&suloﬂ\éﬁ@%ﬂg&{aﬁ@gq{?&gﬁ gﬁgi?ﬂmgﬁy EHI?EY)_& fkd1g an

el ectrical 1 nterconnectioh conprisin tep appl yi ng a
heat - curabl e edndctrically conductive adhesive filmto an electrically

conducti ve substrate, said adhesive f.ilmcanprising an, acrylate 3
pol ynmer, a pol yepoiﬁ?de P\é‘é’fgrﬁm‘gﬂ?‘gpf”é‘gfW@%ﬁﬁ?“"g‘f’egl‘“&g-a&%w table
nodi fied ali phghédveilhi® aﬁﬁhggizlﬁfﬁ'o@ﬁet%&l%fbwrsb‘@fcﬁ'gﬁﬂhs RB¢hdetp £f fective

amount of an -3- WO 97/ 43
PCT/ US96/ 1831 1mmhtgst ri cal | y conductive material, said acrylate polyner

conprising,fhe pol HaepLfa%k Qi HRFHdeN InRnBk Sloviies a method of providing
heat transfer comprising the steps of:

a) applying a heat-curable thermally conductive adhesive filmto a
substrate, said adhesive film comprising an acrylate polymer, a polyepoxide resin,
an effective amount of a modified aliphatic amine polyepoxide resin curing agent,

15 and an effective arﬁount of a thermally conductive material, said acrylate polymer
comprising the polymerization reaction product of’
$)) an acrylaté monomer; and
(ii)  acrosslinking agent having an acrylate moiety,
wherein said composition and components (i) and (ii) are substantially solvent free;
20 and

b) curing said polyepoxide resin in said adhesive film by heating said
adhesive film to a temperature of between 90 to 180°C for from 15 seconds to §
minutes.

The present invention also provides tapes using the above adhesive

25 compositions.

Additional features and advantages of the invention will be set forth iﬁ the
description which follows, and in part will be apparent from the description, or
may be learned by practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the methods and articles

30 particularly pointed out in the written description and claims hereof.



(1) an acrylate nononer; and (ii) a crosslinking agent having an
acrylate noiety, 5 wherein said conposition and conponents (i) and (ii)
are substantially solvent free; and b) curing said pol yepoxide resin in

sai d adhesi vewbot/geaky heating said adhesive filmto a terrpep@t,usgen@il
between 90 to 1 80[err]C for from 15 seconds to 5 m nutes.

anot her aspect, the L hven rovi.des royi gli.ng heat
transfer conprising e ger M@?‘M‘&ﬁ&rﬁoﬁﬁggx‘ﬁ ?es%nlﬁn%%lmé ?‘ﬁer mal |y
conducti ve adhesfblY(ﬁv:ﬁgliéthteG deschiplis! drébempiay ndekpRbirssy dndlare inRABKIt6i Ng an
acryl ate pol ymer, a polg(qepom de resin, an _effective amount of a nodified

al i phatic am ne PM‘@FefB t g¥plagatipp otthe m’{gﬂtb{’@é‘ﬁﬂalﬂl@ and an effective anount

pol yrrer' zati on BB R Igl Or B RIS, O Y e orer - and (i) a
crosslinki ng sagent hathe p@sammmemphatletemmynpmﬁtdﬂeadhesmcbrmnmommdon and
conponents (i) an bst tlaII soI vent ree; .20 and b)

curing said pol 3’@ é‘gl'l'ab%e? it conguctive p eﬁ‘yeﬁﬁ%&i ng said

adhesi ve film to a ! ¢HpGigh LHrr?;ta‘Bfe ,Jaé's%m@%amﬁﬁxefaahe&m Bf tht fvEtlonlsk™ 15
seconds to 5 m nutes e present ‘invention also provides tapes using the

above adhesive zﬁbstmalnoml\lenefrsaacgdmmlmmmnbcsgeeamnM\mﬁmmges of the
i nvention will be set ‘{lorth |@M.hedsc tlon vvhJchfoII pd.in part

will be appar ent=HFaTR BRuseoS el Vet Apisd Bl rmeue BIRBPECRE of the
invention. The abhdesivesahatafsapplidbo oadmmcagﬁ&vmi bérliao b 8ycRNE befacyv | | be

realized and attained by the nmethods and articles

under pressure. The screen-printable adhesives include pressure-sensitive
adhesives which are tacky at room temperature, and heat-activatable adhesives
which are substantially non-tacky at room temperature, but will bond at an elevated
temperature which is typically in the range of from about 25°C to 200°C.

15 The heat-curable electrically and/or thermally conductive adhesive films of
the invention are substantially solvent-free acrylic polymers further containing a
polyepoxide resin, a polyepoxide resin curing agent, and an electrically conductive
material and/or a thermally conductive material. These heat-curable adhesive films

are aiso pressure bondable as described above.

20 As used herein, the term “polyepoxide™ means a molecule that contains
more than one roup.
~Ci—Chy erotp
o

As used herein, "substantially solvent free" refers to an adhesive that has
25  been prepared without the use of large amounts of solvent, that is, less than 5
percent by weight of a coating composition, preferably less than about 2 percent,
and more preferably no additional solvent is added. The preparation of the screen-
printable adhesives and the film adhesives includes processes used in the
polymerization of the monomers present in the adhesive as well as processes used
30  incoating the adhesive to make finished articles, for example, pressure-sensitive

adhesive tapes. The term "solvent" refers to conventional organic solvents used in
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30 particularly pointed out in the witten description and clai ns hereof.
-4- WD 97/ 43352

PCT/ US96/ 18311 It is to be understood that both the foregoi ng general
descri ptiongangd,Jdaeg following detailed description are exq,@h%w s51d
d' are 0 tlne

expl anat ory an I ntended to provide further expl anation
I nvention as claimed. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 The
present i nvent ithsringusiry (vbichinelude; o5 sxampleteluens, beptans, syl aestgtoarethdns and

heat curabl e e'eﬁﬂﬁét&\%' Aogtog%%gmi{tgﬁgmyé& conducti ve adhesive filns. The

screen-printable’pressire e adhesives of the invention are
substanti al | y sol vethe §creen-paintableiadhesditey nfthe inviestioncanprepared freraadimsivet ed

wi thout requiring the use of .additional_so]yvent.. As used. herein, "pressure
bondabl e r ef f QRGNS COMPISAR, (T & 53?%1%’&‘?%%@b&é‘&&f@&ﬁé‘&;nd wi ll
bond to a sgcoRgymtd héfomeyHie E:oxl?ésﬁ&ﬁdin‘ivﬁ, foRCabbal PR-0Yakts b efihboesi ves

i nclude pressure-sensitive adhesives ch are tacky 'at roomtenperature,
and heat - act i vatinforaingeomenpmers whi ch are substantially non-tacky at room

tenperature, but wl ond at an elevated te rature which.is. typically in ~
the range of from aﬁ‘hﬂ?a dlf’%l’??n@"}eﬁs‘f%f%’rtb? .&fgoﬂhescreenl'ﬁﬂmalgﬁt-curabl e
electrically amgeafior &€ Hhssd Whick BRv@utomopoReise lassarahiition tefiipefakife iey/ent i on

are substantially solvent-free acrylic polynmers further containing a

pol yepoxi de r e$han abeutQ3Cy Bseful alleyl aerylates arpr ynsgueatpd monofimgtiensl el ectrical | y
conducti ve jmgater| grﬁgl [ Lal

heat-curabllgﬁ1 agﬁg@}av Fﬁﬁfagég?é%%%ﬁggﬂﬁg&%ﬁgg@b%hg@ 2&8;5@??%8% above.
20 As usat ihdreailky] molety,tand prefapably frpmdi 1048 canbem stomsnBkampleésoft hat

contains [err] useful alkyl acrylate monomers include, but are not limited to, n-butyl acrylate,
hexyl acrylate, octyl acrylate, isooctyl acrylate, 2-ethylhexyl acrylate, isononyl
acrylate, decyl acrylate, lauryl acrylate, octadecyl acrylate, and mixtures thereof. A
15  useful aromatic acrylate is phenoxy ethyl acrylate.

A monoethylenically unsaturated reinforcing comonomer having a
homopolymer glass transition temperature greater than about 25°C is preferably
copolymerized with the acrylate monomers in the screen-printable adhesives of the
invention. Examples of useful copolymerizable monomers include, but are not

20 limited to, (meth)acrylic acid, N-vinyl pyrrolidone, N-viny! caprolactam,
substituted (meth)acrylamides, such as N,N,-dimethyl acrylamides, acrylonitrile,
isoborny! acrylate, N-vinyl formamide, and mixtures thereof. Whena
copolymerizable monomer is used, the alkyl acrylate is present in the screen-
printable composition in amounts from about 25 to 99 parts by weight and the

25  copolymerizable monomer is present in corresponding amounts from 75 to 1 parts
by weight wherein the total amount by weight is 100.

The amounts and types of comonomer can be varied to provide pressure-
sensitive or heat-activatable properties as desired for the end use. Larger amounts
of comonomer will result in less tack and are suitable as heat-activatable adhesives

30  while lower amounts are more suitable for pressure-sensitive adhesives. The type

of comonomer can also be varied to obtain desired properties. Polar comonomers,
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As used herein, "substantially solvent free" refers to an adhesive that has
25 been prepared without the use of |arge anmounts of solvent, that is,

| ess than 5 percent by weight of a coating conposition, preferably |ess

t han about 2yae§fRs,, and nore preferably no additional sol @?ﬁs,kﬁ”apded.
The preparation of the screen- printable adhesives and the il m adhesives

I ncl udes processes.used in.the polynerization of the_ _nonongrs  present in
ibbeely

the adhesive as gt these s ~bopding Fojetisy. sl a8 pEYHEPRA ASe (0 make

finished articl Qﬁefufiﬁ%nﬁii@?hbﬁnab@&ﬁ&%l&b&nslglﬁ‘:ﬁﬁiﬁy’ﬁeiéﬁﬂﬁéﬁﬂﬁukadéﬁs?ﬁvc'rhe term
"solvent" refers to conventional organic solvent's used in -5- WO

97/ 43352 screen-printable adhesives. Amounts above about 15 parts are usgfgirasygats/ 18311 t he

i ndustry whi ch ingl f or exanml t e, heptane, ethyl et ate,
ot il © e tBiatte seteShpRAGRR et JEAF pol A Gine S s as AR 1
adhesi ves of st heaprolactain, Novisyl fyipslfioac,aeld isoBomfcdefdaty BroviRIgpRsire-0N'S

conprising fromabout 25 to 1 00 parts by weight of at |east one al kyl s
acryl at e mononersensitiyg PEQRertiss [ohwsrasaipyintab SFHEWP tq 8baub4Q partsrhywaightinei ght

of & 1 el nf Of Ci NG GRUNARIELpovBllik 43 bt PHErRAONE S SEhN scrblh bl act | ce

of the screen-print e rnvention a e ave a honopolymer gl ass
transition tenpedbhdsivee | ess than about O[err]C Useful alkyl acrylates are

unsat ur at ed nonof unctj onal 10, th)acrylic acid esters of non-tertiary
al kyl al cohol's havin ?F%?ﬁn?fwg%dgéﬁl mpegitiens of thejaventin prepmpateg  and

e Y el A LB s S pg o
octyl acryl ate, poindisdheystreasneptieste caibe thierndhésiveth flowr \Ninve ¢he dompositigns
acryl ate, decyl agfihetuen bAted bn AR 15 pe SSEAUSHL w2 AR fowand M Xt ureS
sufficiently to provide a fairly smooth surface in a short amount of time, that is,
within minutes after screen printing. Compositions are selected to provide a yield
15 point that is high enough to maintain printing resolution after printing onto a
substrate,

The compositions of the invention generally have a calculated yield point
of greater than 3 Pascals and preferably have a calculated yield point of greater
than 5 Pascals as determined by the Casson Model. The Casson Model is

20  described in more detail in Paint Flow and Pigment Dispersion, by Temple C.
Patton, Second Edition, 1979, pages 355-361, incorporated by reference herein. If
the adhesive composition is filled with particles, the yield point is typically greater
than about 10 Pascals to help keep the particles in suspension.

The shear rate was measured as a function of applied shear stress using a

25  Carmi-Med CS Rheometer. The measured values were used in the Casson Model
to calculate viscosity at infinite shear. The calculated viscosities of the screen-
printable compositions should be low enough for screen printing, but high enough
to prevent excessive flow and maintain definition. Preferably, the viscosity of the
adhesives is less than about 6000 centipoise (cps) at 25°C, and more preferably,

30  less than about 5000 centipoise, and most preferably less than about 1500

centipoise. Typically, the viscosity is greater than 50 cps, but there is not a specific
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15 wuseful aromatic acrylate is phenoxy ethyl acrylate. A nonoethylenically
unsaturated reinforcing conononmer having a honopol yner glass transition
tenperature greater than about 25C is preferably copolynerized with the

acryl ate m%r;,?a?gzn t he screen-printabl e adhesi ves of thel,é,lwsgpuzgp
u

Exanpl es of use copol yneri zabl e nonomers i nclude, but are no
limted to, (nmeth)acrylic acid, N-vinyl pyrrolidone, N-vinyl caprol actam

substituted (miawerdisvsif theicampositioncthickens QRicoalgsersupgn removel of thekseeen.
lonitrile, A te . ' i, . ] th f.
Then a copol y mSPRPIaTRS Bl driclbsbhititunt BRSOl dbaiBl P 1

the screen- prilopéagsl e conposition in anmunts from about 25 to 99 parts by
wei ght and the 25 copol yneri zabl e, nononer, | resent .in correspondi ng

isp ]

amounts from 75 to Pompapdhssiyg compasitionsyseeeilly piresuroteasitivradhetivey wei ght i s
100. The ampunigmaditidnk MSpidhe hi&?ﬁalgéit%ﬁ{ sitablefoP¥crdlfi Pr €ssure-
sensitive of heat actlVatapl e properties as desired for the end use. Larger
amount s of conprinting: S#ringing eanibe reducedl eceliniaatkd bycbntroHing thet moleenlars

heat - acti vat abl e, adhesi ves 30 whil.e | ower anounts, are nore suitable for
pressur e- sensi f "éﬁﬁ*&s‘?‘\i’@?“ﬂf‘e" & ARG EMORASIORS N al so be varied to

obtain desired propsmngﬁ.g-c RAsdibe @it MR paitialy polymel2ed il By adding a

PCT/ US96/ 18311 that is, those which have hydrogen-bonding noleties, such as
acrylic acid achaintressfér agent sonibe mogomers beforpalymerizingb control theguolecnlasy wei ght
for pressurlg-s%{}?i ii ve screen-printabl e adhesi ves. Anmounts above about 15
parts are usefu %’ heat - activatabl e screen-printabl e adhesives. Less

pol ar conononers suThe elsilNratisfey hgents usefabih@heradtize of\the idehtighyihéladd, Bane, and

I sobornyl acrylate Pr ovi de pressure- i
are not limited to, carbon tetrabromide, n-dodecyl mercaptan, isooctyl

thiolglycolate, and mixtures thereof. The chain transfer agent(s) are present in
amounts from about 0.01 to about 1 part by weight per 100 parts of acrylate (pph),

15  thatis, 100 parts of the alkyl acrylate and the reinforcing comonomer, and
preferably in amounts from about 0.02 to 0.5 pph.

The weight average molecular weight of the polymers of the useful
adhesive compositions, that is, syrup, is between about 50,000 and 1,000,000.
Preferably the fnolecular weight is between about 100,000 and about 800,000, and

20  most preferably, between about 150,000 about 600,000. The lower molecular
weights limit the elongational viscosity and result in less stringing of the adhesive
during screen printing.

Fillers useful for the invention include fumed silica which will thicken a
monomer mixture of the monomers described above or a syrup of the monomers.

25  The silica imparts thixotropy to the mixture which will allow it to thicken afier the
stress of screen printing is removed.

Solutions with a useful viscosity which do not exhibit stringing can also be
obtained by adding a thermoplastic polymer or copolymer of appropriate molecular
weight, or macromer to the monomer mixture or syrup of the above described

30  acrylates. Preferably, the polymer, copolymer, or macromer has a weight average

molecular weight of less than about 100,000. Useful thermoplastic polymers



sensitive properties to a screen-printable adhesive up to about 40 parts by
wei ght, while anounts above about 40 parts will provide heat-activatable
screen-printabl e adhesi ves. The screen-printabl e adhesive conpositions of

the inventi onggle9asepared 10 so that they have a yiel d poipgyngsmssis
viscosity suitable for screen printing. The yield point is the stress

needed to cause the adhesive to flow. Sjnce the conpositiaqons would be

screen printed oﬁf‘cﬁ‘@F&WU‘éP‘ﬂ_y‘PﬁF @'echsaawb(&éo-a%%&thﬂm e)SHERASI 1 ow _
sufficiently to jgfQucdeEm Icdsdor AHORGLY, wfuae&p&yms MBIQAd bIBSPsRblyRiers | ME,

that is, within mnutes after screen printing. npositions are selected to
provi de a yiel d $&h asgiyrene butadiend copblygierseaand agriylic copobyimersi Usefil imactomers
resolution after prjnti ont o _a, subst.rat The Qsitions, o h

i nventi on genera 5\7"2‘%5‘ a&%‘fo(?ﬁ‘ygleé‘aabﬁ el ‘*]Sréfwfa?% 0 %eé?%t?d ?‘%gér?c ascal s
and preferably hayg sapaehtdNd. 31554334 @iimaf endl.)dhcapstae@hertindy réfefeices ad as
determ ned by the Casson Model. The Casson Mdel 1s 20 described in nore

detail in Paint RfepammegciglypveviableiremdCAmaricasyER¥ASTEE® 10M% t on, Second

Edition, 1979, pages 5- 36 i [ ROS reference in. If the
adhesi ve conposition ﬁg‘cf .gﬁe%“éa“ev?&%@%'ﬁ’ﬁg’leg%@' %ﬁ@y'ﬁ/f’%ﬂ%ﬂ%i Rt i s typically
greater than aboutysthlinepsaless tha shfficienty thickeh endbuildiadli€ld strdds fithpensi on. The

shear rate was neasured as a, function ofqgg%pl i ed shear stress using a 25
Carri-Med CS RhedARERE comprsitinniQ prexent by adbesivgrompggitien fromdflowingafiepn Mbdel

to calculate S%a%é&%i ing idfddhish cBRBRdirion] "Fhe RLrit e S stblifE BolyleRurOf the
screen- printabl e corposiTions shoul e [ow enough for “screen printing,
but hi gh enough tatsopolable i the acrglkrts mendniersat aneimpaaatude aif abaht 809Q dnddorm a

cent i poi so. (cpe) i Dok, fcanglen Shtsei ArairervafgF poieet BB nan about 5000
centipoise, and rByienbreBlPicelity/plyoRiy1 nblhacrlaRUrpdighiersGoailabRAGREIfTYPi cal |y,
the viscosity is greater than 55 Cl?'s’ but there is not a specific -7-
Atochem North America, Philadelphia, PA, and ethylene/butyl acrylate/glycidyl
15 methacrylate terpolymers, available from Quantum Chemicals, Cincinnati, OH,
under the trademark ENATHENE™, and ethylene/ethyl acrylate/carbon monoxide
terpolymers available from DuPont Company, Wilmington, DE. Preferably, the
semi-crystalline polymers comprise greater than 20 weight percent non-ethylene
comonomers and preferably have a melt index in the range of about 75 g/min at
20 190°C (ASTM D1238).
In the practice of the invention, the polymer, copolymer, semi-crystalline
polymer, or macromer is dissolved in the acrylate monomers or syrup. This can be
done on conventional equipment such as roller mill, ball mill, and the like. The
monomets or syrups can be heated, for example, to about 80°C to enhance
25  dissolution of the polymers or macromers. Screen-printable adhesive compositions
of the present invention that use semi-crystalline polymers do not require
additional thixotropic agents to obtain a desired yield point as the semi-crystalline
polymers separate into crystalline and non-crystalline domains and provide a

thixotropic adhesive composition suitable for screen printing.
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lower Iimt if the econposition thickens or coal esces upon renoval of the
screen. Conpositions containing particles preferably have a viscosity

greater tha 1 00 cps. Sone adhesi ve conpositions, | g
pressure-seﬂvs(l??&klgeszadhesi ve 5 conpositions, are prone toi dsléérgls nE} IJleg whi ch
makes them undesirable for screen 8{:’;’ nting. Stringing can be reduced or

el i mi nated by cont r §h¢ semi-crystallingpelymess aroased lin the sereethprigahle adhesivend

prepol yners in |1 | NnCL: hb a
partially pol yﬁé’? %sgg’@{;%%ﬁrgé;é%aggﬁ#g@%bc%é@ 2%@%‘%2?%?”%8%%%3 %Il?he

mononers bef or evefpht pereent.zi Nng to control the nolecular 10 weight. The chain
transfer agents useful in the practice of the_invention include, but are

not linited to, carH8Athersmbegingat afthe sererdeRrmiableadhesiys compoiipriafyhe

t hi ol gl ycol gt e s ek 8 Lot soare
present 1 n amofr ot el @Bt BB cpod el Ot A RS ar t s
of acryl ate (pdhg polyepoxideatsin san be@Gdded:to eithepthetthenomiek plixtureroy tathe symp t he

rei nforci ng conpponer nd. ptef er ab i unts. fromabout 0.02 to 0.5
o The. wei ghY dapeysenaB e s mpidfe iiessi PO ARG el einglog
adhesi ve CONMPOY¥ fhe@BResive R8Mpbsitions Wsefnl pblZeﬂbﬁidé@&'ihs@ﬁl%ﬂe thébe 3OiEc1add

1, 000, 000. Preferably the nol ecul ar wel ght is between about 100,000 and

about 800, 000, feemtthe group ebenmpenndscthaiisoptainataxerage eftyoere thedEneG8dabout
000,990, T | ol e 5ot i RSB RN M (Y 20
useful for the beeitheiisolid) sémicdolidcorfliqaiddt fioki empevatued) Qérhbindtionsbn a

different types of polyepoxide resins can be used to obtain the desired viscosity.

Representative polyepoxide resins include, but are not limited to, phenolic
polyepoxide resins, bisphenol polyepoxide resins, hydrogenated polyepoxide

15  resins, aliphatic polyepoxide resins, halogenated bisphenol polyepoxide resins,
novolac polyepoxide resins, and mixtures thereof. Preferred polyepoxide resins
include diglycidyl ethers of bisphenol A. Examples of useful commercially
available polyepoxide resins include those having the trade designation EPON™
164, EPON™ 825, EPON™ 828, and EPON™ 1002, all available from Shell

20 Chemical Co., Houston, TX. The preferred polyepoxide resins have a molecular
weight in the range of from about 300 to 2000.

The polyepoxide resin is used in the compositions of the invention in an
effective amount to provide a screen-printable viscosity (at room temperature) with
little or no stringing of the composition. The polyepoxide resin can be used in the

25  screen-printable adhesive compositions of the present invention in amounts of
about 25 parts polyepoxide resin to about 150 parts polyepoxide resin per 100 parts
of acrylate monomers. Preferably, the amount of polyepoxide resins used is from
about 60 to about 120 parts per 100 parts acrylate monomers and more preferably,
is from about 65 to about 110 parts polyepoxide resin per 100 parts acrylate

30 monomers.
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nononmer m xture of the nononers described above or a syrup of the nononers.
25 The silica inparts thixotropy to the mxture which will allowit to
thicken after the stress of screen printing is renoved. Solutions with a
usef ul vi scosybyr¥ddsch do not exhibit stringing can al so bepebusvsnigd: by
addi ng a thernopl astic polyner or copol yner of appropriate nmol ecul ar

wei ght, or macroner to_the norrer t ure ‘p of t@f above descrl bed
30 acrylates. PreferdBEtics 8%‘8?%&?‘”%’5&67?7 ?‘ hr acpytafe RANOMEROT, “\ei ght
average nol-ecul 3he xt?ylatatsqu{) ublﬁ§ BorivBitibnalRixing ledhnRYaes, fddeRimiple deileropl asti c
pol ymer s W97/ 43352

PCT/ US96/ 18311 iraBingdandyeHen and bp'brn;lhes #nd thetlikes Theropylats Mapamers o sYTHRS y| at e)
such as ELVAC TFJaﬁfas{,b@Réa‘éeagd 8 8O R enhadlBe hliking HARE é(f]?%p%xid@ stde bl ock
copol yners such as Styrene I ene copol ymers a acr copol yners.
Useful nacromers are 'IThh pebepdxudehesiusam:mpeﬂ witkanyzigped ef pM)teboxn&Qcmmgygm e
nononers and are descrihbed 5 Pat ent. No. .4, 554, 3_5 sman et al.),
i ncor por at ed her"é‘f’ﬁ’e&:‘a‘? éP@rcé’F?@é“h]‘aﬁﬂFaa‘F‘é‘V%Wﬁﬁ\"&gangV 5?“1‘ | e from | C
Anrer i cas (ELVACI : : f ftsP
copol yners i ncI }g)[egg{rph?&gﬂ‘g)g?% %ﬁgeggﬁ%ﬁptﬁ?@éﬁ% cfegﬁ/ |cken and
build a yield stpogs:poxide cdtbtgamgiiedéscbupomﬂvmdualnmleblemme he adheS| ve

t f ft ' th dh
Comhosi t1on.  TraatieBpAfe R fa ppeire shitghir & SUREHEE ! ot e i n the
acryl at e nmongyrergolyeboxdidé REIMS isonHettiny thepslyépoRidk 8ésins to afweal nci?e?a:ﬁbeﬁr
u

sol ution. Exanples of useful sem -crystalline polynmers inc

ethyl ene/ et hyl ﬁpwﬁﬂf’efd&iwarlpggfg&mwmmamﬁwmz?w?am e from
El f At ochem Nort r o
o) b Gl | G PrRbtE o0 Sha Pt i RS LBt i

acrylate/glycid at € terpolymers, rom
Chem cals, G ncmfnh?dpqudﬁokxde over a prolonged period of time at room temperature.

Examples of useful curing agents that cure polyepoxide resins at elevated
15  temperatures include dicyandiamide in combination with an accelerator described
below.

In cases where the oven curing temperatures may be insufficient to fully
cure the polyepoxide resins when using the above curing agents, it is useful to
include an accelerator in the screen-printable adhesive composition before screen

20  printing the adhesive so that the resin can fully cure at.a lower temperature, or cure
within a shorter period of time. Imidizoles and urea derivatives are particularly
preferred as accelerators because their presence often does not reduce the shelf life
of the screen-printable adhesive compositions of the invention. Examples of useful
imidazoles include 2,4-diamino-6-(2’-methyl-imidazoyl)-ethyl-s-triazine

25  isocyanurate, 2-phenyl-4-benzyl-5-hydroxymethylimidazole, 2,4-diamino-6(2’-
methyl-imidazoyl)-ethyl-s-triazine, hexakis (imidazole)nickel phthalate, and
toluene bisdimethylurea. An accelerator may be used in adhesive compositions of
the present invention in amounts up to about 20 parts by weight per 100 parts by
weight of the acrylate monomers.

30 For adhesive compositions of the present invention that are screen printed

onto polymeric substrates, particularly thin polymeric substrates that may



under the trademark ENATHENE[ err], and et hyl ene/ethyl acryl ate/carbon
nonoxi de terpol yners avail able from DuPont Conpany, WI m ngton, DE.
Preferably, the sem -crystalline polynmers conprise greater than 20 wei ght
per cent non-a{‘mﬂgg ? conononers and preferably have a nelt (g‘q(ggégi the
range of abou g/mn at 20 190[err] C (ASTM D1238). Int e of
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mononer o or syr HE0 e ekl Rpolis boriel Rutpel e s B bl 1 C
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not require addr%lqtkyﬁlwlowmwwrﬁﬁ cSugh sHng %zsntémcwdﬁﬂ&ra%@ﬁ%ﬂnwsm d poi nt
as the sem -gr yﬁgﬁhng %‘%R&ﬁ&%ﬁdﬁ&é&f&hﬁﬁ%ﬁ%ﬁ g;%xg%km
I Ns an provi ae aanesi

non-crystalll ne a thixotropic onp05|t|on
suitable for sc alkghnqoepowtdemg acrydonitrile a0 cOiidesSBioR reaction products of an amine

PCT/ US96/ 18311 Th t al.l d t
screen-pri nt abl &% ﬁ@gcwgrgs B Igﬁsﬁg #%”%hiﬁ?}%‘gmg? ‘ﬁﬁé‘?}{mf“f‘?ﬁ%"\ﬁel ght
percent and pref:ﬁéﬁmﬁayeéoﬁab&énweﬂmecaﬁ.wﬁﬁ&ms/éﬁws&f{oaqgéa iR gr of the

screen-printabl e adhesi've conpositions of pr esent |nvent|on cont ai ns
a pol yepoxi de r betiveero?0 tg 1803 andchayé apw’cysp@fﬁ@m Yewtonsls toThmimudsy epoxi de

be adde h re f th
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t hose sel ect ed . o . .
polyepoxide resin is cured in from 15 to 90 seconds at a curing temperature of from

120 to 150°C. A preferred modified amine polyepoxide curing agent is a reaction
product of a novolac polyepoxide resin and a di-primary aliphatic amine.

15  Examples of such modified amine curing agents include those commercially
available from Air Products and Chemicals, Inc. under the ANCAMINE™
trademark such as ANCAMINE™ 23378 and 2014 curing agent, and AJJICURE™
PN23 and MY23, available from Ajinimoto, Japan.

[n practice, the polyepoxide resin curing agents are dispersed in the

20 polyepoxide resin/acrylate monomers or syrups compositions under conventional
gentle mixing, for example using a paddle mixer, and the like. Preferably, the
curing agent is dispersed in the epoxide containing component(s) or the adhesive
composition.

Preferably, the polyepoxide curing agent is included in the adhesive

25  composition in an amount sufficient to affect the curing of the polyepoxide resin
under heat. Typically, the heat-activatable polyepoxide curing agent is used in an
amount of about 0.1 to about 20 parts by weight, and preferably is used in an
amount of from about 0.5 to about 10 parts by weight per 100 parts by weight of
the total adhesive composition.

30 Another embodiment of the screen-printable adhesive compositions of the

invention contains crosslinked polymeric particles that are swellable in the acrylate
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fromthe group of conpounds that contain an average of nore than one, and
10 preferably at | east two epoxide groups per nol ecule. The pol yepoxi de
resins can be either solid, sem-solid, or liquid at room tenperature.

Conbi nat i ons ypé oflishdser ent types of pol yepoxi de resins can bgcpgedndsa obt ain
the desired viscosity. Representative poI yepoxi de resins include, but are
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hal ogenat ed bi ng, Ghelic RtASAMRIETRavE SRbDReriOMAbETy BREBRAXL dfsEARIYS, and
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bi sphenol A. Exanmueéed(ﬂyaﬁhdluﬂateudrﬁmmiyaicaliyaithenrn@lﬂsecpdymatpc%edereseS| ns

i ncl ude those havin e d nat i.on,.EP P 825,
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Co. ,. Houstong TKsuaT?ﬁolgé&ilﬁtE bﬁﬁolﬁﬁéﬂiﬁ?ﬂwz%@lyhﬁﬁé PeefBetPeote- SRl IRl nREs Wei ght
I n the range of from about 2000. The pol yepoxi de resin |s used in
the conpositi onsreghose Mélqhmbﬁ mplﬂdydwp@s#deletthwmmwom@sgh@vs,de a
screen-print abI tl

stringing of th m\c{,’ig%rr%%?l ?%%"%%99%9 ngrm%g:)[;“ %&?goé\égr‘l h& ﬁ?gﬂciml n the 25
screen-print abl gagdhesi ve conposi tions of t he present | nvention in anounts

of about 25 parts pol yepOX| de ﬁSl n to about 150 parts paql yepoxi de resin
per 100 parts of acryiefamed pereshsell rolymsrs have gpatticle size of kess than Smigwensse poxi de

manoner 5 and roP i APRRErennt) b 8pattle iR oP Rl fuf Fickly Gty = ©

pol yepoxi de r eskcorejsbell gadiclgsaard midaattwthaaeyl%mummrmnanamoﬁﬂto provx‘dﬂa97/ 43352

PCT/ US96/ 18311 viscosity and yield stress suitable for screen printing. If too high an amount of

core-shell polymers is added to the composition, the polymers will not adequately
disperse. If too little of an amount is added to the composition, the composition

15 will not have the required yield stress for screen printing. Examples of
commercially available core-shell polymers include KANE ACE™ M901, from
Kaneka Co., Japan, and PARALOID™ EXL.-2691 and -2691A, from Rohm &
Haas, Philadelphia, PA.

The core-shell polymers are present in the screen-printable compositions in

20 arange of from 5 to 25 percent by weight and are preferably present in amounts of
from 10 to 20 weight percent of the screen-printable compositions.

In practice, the core-shell polymers are added to the acrylate monomers and
dispersed wherein the particles are swelled by the acrylate monomers and form
thixotropic compositions having suitable viscosities for screen printfng.

25 In a preferred embodiment, the adhesive composition also includes a
thixotropic agent, if required, such as silica to impart thixotropy to the
composition. The viscosity of a thixotropic composition decreases when it is
subjected to shear stresses so that it flows when it is screen printed. Once the shear
stress is removed, the thixotropic material increases rapidly in viséosity so that the

30  printed adhesive essentially does not flow once it has been printed onto a substrate.

A suitable silica is commercially available under the CAB-O-SIL™ trade name

- 13-



In practice, the pol yepoxide resins are m xed in the acrylate nononers or
the acrylate syrup using conventional m xing techniques, for exanple,

gentle rolling, and roller and ball mlling, and the Iike. The acryl ate
nononers or can al so be heated up to about 80[errr]ﬁ,lt ce
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i ncl ude an accehwingtagounts of prehgustdl éxvageble framl SheaithGerdor LinitedoCanadon bef or e
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bonded and its end use. For example, for interconnecting a flexible circuit to a
circuit board or to a liquid crystal display (LCD) where anisotropic or “z" axis
electrical conductivity is required, the screen-printable adhesive composition
contains from 1 to 20, and preferably, from 1 to 10 percent of electrically
20  conductive materials by volume of the composition. In bonding for shielding or
grounding applications, for example, grounding a printed circuit board to a heat
sink, or for electromagnetic interference (EMI) shiclding, the screen-printable
adhesive composition contains from 1 to 80, and preferably, from 1 to 70 percent
electrically conductive material by volume of the adhesive composition.
25 The screen-printable compositions of the invention also preferably include
free radical initiators. The initiators are known in the art and are preferably light
activated. In a preferred embodiment, the initiator is a photoinitiator and examples
include, but are not limited to, substituted acetophenones, such as 2,2-dimethoxy-
2-2-phenylacetophenone, benzoin ethers such as benzoin methyt ether, substituted

30  benzoin ethers such as anisoin methyl ether, substituted alpha-ketols such as 2-

methyl-2-hydroxypropiophenone, phosphine oxides, and polymeric photoinitiators.
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the present invention in ambunts up to about 20 parts by wei ght per 100
parts by weight of the acrylate nononers. 30 For adhesive
conpositions of the present invention that are screen printed onto

polyneric subgbbopssasy particularly thin polyneric substrat esci/fsisnsny WO
97/ 43352 PCT/ US96/ 18311

deformed from eyxposure to high tenperature_or prol onged ure.to

moderatel y hi gh)lsﬁ%lﬁ‘ﬂgftgfs@f"e%“?m{‘?{‘é‘a %‘fa&#_?‘%&o Ve @s@)&gl&%@' Wit s are
those that i nduggder el IRGATURET tiidd JRRANMASsich 2l IRGANCORE™ pgadl/ or cure the
pol yepoxi de resins under relatively | ow tenperatures. Such curing agents
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condensati on reE(??P‘W o%ﬁ%%mgf%g%gﬁ%%’%’mdﬁﬁa?g%@ﬁg@ﬁ E)r?brr‘g‘ﬁ%i ch

bases. Gener al | yvame i6ia BASE.f i ed am ne curing agents cure the pol yepoxi de
resin when the conposition_is exposed to a tenmperature of between 90 to 1
80[err] C and have a &bg photoinitatgrs cpn berpsed inamenntsfrem about 0,001 pph tojahout 5

Preferably, the HB%%QH&& gfonrtﬁé*yg? md ’S%mﬁd%’ét"?g@%&%@ﬁ@t&f bet ween 110

and 160[err]C ant"a“cure ne o rom secon m nutes. Mre
preferably, theGeatrgidyndowstenalerslanweightmaterials arefuseihin Amotuits 8Patwar®olls at a

curing tenmperature of from 120 to 1 50[err]C., referred nodi fied am ne
pol yepoxi de cur PRy:APER2 PR, ygﬂ%%&%ﬁf&&'ﬁ%&&tsﬁ olymeRS RN BYPS Ao i de
resin and a gi - REddTRbMofnts RBAlbGutdN pish to hBout BppAP! €s of such nodified am ne
curing agents include those comrercially available fromAir Products and

Chenmical s, Inc. undefrassknkivg@aratsiedndreradded tadmssrden-priotablaadbigsi®aM NE[ er r ]
2337S and 2014 %uri n ioe}lgﬁonit aréthéJOI CUR;E erétb] g‘léIZ haqg MY23, avail abl e
from Aj i ni not o, 3‘85%%. IPIQNS; the, Cohpyys %ﬁf' SE0eEEPSYE n curing agents are
di spersed in the Useful crosslinking agents include multifunctional acrylates, such as those
disclosed in U.S. Patent No. 4,379,201 (Heilman), which include but are not
15  limited to 1,6-hexanediol diacrylate, trimethylolpropane triacrylate, 1,2-ethylene

glycol diacrylate, pentaerythritol tetracrylate, and mixtures thereof,
copolymerizable aromatic ketone comonomers such as those disclosed in U.S.
Patent No. 4,737,559 (Kellen), photoactive triazines such as those disclosed in U.
S. Patent Nos. 4 329,384 (Vesley et al.), 4,330,590 (Vesley), and 4,391,687

20 (Vesley), organosilanes, benzophenones, and isocyanates. Thermally activated
organic peroxides, such as di-t-butyl peroxides, can also be used for crosslinking
by heat. Other useful crosslinking agents include urethane and epoxy diacrylate
oligomers available under trademarks EBECRYL™ 230, EBECRYL™ 3605, and
EBECRYL™ 8804 from UCB Radcure Inc., Smyrna, GA, and CN 104™ from

25  Sartomer Co., Exton, PA.

The crosslinking agents are included in amounts from about 0.002 pph

(parts per 100 parts of acrylate monomers, that is, the alkyl acrylate and the
optional comonomer) to about 2 pph, and j)referably from about 0.01 pph to about
0.5 pph. The amount used will depend upon the amount of functionality and

30  molecular weight of the crosslinking agent, and the desired properties of the

adhesive. For electrically conductive screen-printable adhesives, it is preferred that
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20 pol yepoxi de resin/acrylate nonomers or syrups conpositions under
conventional gentle mxing, for exanple using a paddle m xer, and the I|iKke.
Preferably, the curing agent is dispersed in the epoxide containing
conmponent (s)_or_the adhesive conposition. Preferably, the xj.de
curing agentw8§7' 1 uded in the adhesive 25 conposition ig‘%{ﬁg’%ﬁﬁhgt
sufficient to-affect the curing of the pol yepoxide resin under heat.

Typi cal |y, t hetisagwounts of gasstibkiag peanisand shecpbaiatransfer aggeta arejliitedsa thah an

amount of about, 0. ) 8 3¥ ' fer s used in
an anmount of fbgr%d%%}a'gtfﬁg'ggﬁ‘iﬁ%%ﬂ@gé'ﬁr Baa@# g&%'f}t t\?\fglg%'ﬁ%&bvgrp%ﬂ?{fsﬁ%}ts by

wei ght of the tahéintecthest with sttty bi with thd Gonductive potici dfehe sibkiedsnment  of

t he screen-printabl e adhesi ve conpositjons of the invention contains

crosslinked potaprayifeconduetive pathwaysn (Preferedhigat activpted plctiipallycopductive - 12-

WO 97/ 43352 : : o US96/ 18311
monomers and are K J{Ar}rt]abzlfsad‘hg%‘r’ees-hg el ﬁap df)lf)ﬁofﬁira?ge.r t}E‘Srlg-t é?}%lclanggﬁlﬁérs are
pol yneri ¢ part mehsasedsnil cididndsce. Ak theseaempératures theadhesives bavedtovt prapertiese
substantially suryounded by.a.shell material that is typically a

t her nopl astic B‘&P‘{?ﬁ@r*‘.“ﬁ‘ﬂ‘?gk‘w@s are formed from pol yneri zed di ene or

acryl 1, rubber's whi Fuiding Shald il dsas fedyrupt B8 LtediGhible/ | 2l e or

pol ymet hacryl ate pol ymers.” Preferred core-she ynmers are those which
can be conpl et ebppatitiope tosentianas ahesionde gdrtainclowemengy: surfacehsuch asthogeramvi de a

br of or rod_ 0By e SERBR BTG iR S abPite FRGF biroyhp g Va1 cr ons.
10 and nore phr&img)pHehol.mdiRfi tarpeids] poly(EbatyZkyrehe)) rosis ekt vidylm cron.
Generally, the cyclohexane, and the like. Suitable tackifying resins are commercially available
and include, for example, those sold under the REGALREZ™ and FORAL™ trade
designations from Hercules, such as REGALREZ™ 1085, REGALREZ™ 1094,
15 REGALREZ™ 6108, REGALREZ™ 3102, and FORAL™ 85.

When used, tackifying agents can be used in amounts from about 1 to about

100 pph, preferably 2 to 60 pph, and more preferably, 3 to 50 pph.
Other adjuvants can be included in the screen-printable compositions either
before or after making the syrup in amounts needed to effect the desired properties
20 aslong as they do not affect the polymerization and the desired end properties.
Useful adjuvants include dyes, pigments, fillers, coupling agents, and thermally
conductive materials.
The screen-printable adhesives are useful in the preparation of pressure-
sensitive adhesive coated articles, such as tapes and sheets. Tapes typically have
25  namrow widths in comparison to length. Sheets typically have substantially equal
lengths and widths and may generally be prepared in the same manner as tapes.
The tapes can be prepared as transfer tapes in which the screen printable adhesive
is typically provided on a liner coated on both sides with a release coating. The
tapes can also be prepared by having the adhesive permanently adhered to the
30  backing. Tapes with the adhesive permanently adhered to the backing can be
prepared either by laminating the adhesive of a transfer tape to the backing, or by
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core-shell particles are added to the acrylate nononers in an anmount to
provide a viscosity and yield stress suitable for screen printing. If too
hi gh an anount of core-shell polyners is added to the conposition, the

pol ymers wi | lywB@hysaghequately disperse. If too little of an pgPusdsnssi: added
to the conposition, the conposition 15 wll not have the required yield

L o eoububdohir S B 5% Rl B b R g ="'
PARALOI D er ] - EXapi&it o dctbft'atel 63 W Goltiies oPibe backiigtavaa PA. The

core-shell polyners are present in the screen-printable conpositions in 20

a range of fromidyer of adlBesinerandhem.plsefisli hgpking:meterinls inslude pplypieric flrass syh i n

ts of f ' .
Conpos: ton. -1 11 obEphd i fIt aREGRERN B ehE R WRE BBl iRindpione
acryl at e nmona@nepBlyehgletd, pag anetalibils, oover did roawb el falkicay md fums, aghlay t he

acryl ate nononers and formthixatropi c conpositions having suitable
vi scosities for these made fpmpolyslefinpand acrylics.” Examplesof sitablsaceylip , the

adhesi ve Comosizﬁdsgaisg\h&a ih BCS Ul tﬁg?ﬂhi@élﬁéﬁ?fsrﬁ?ﬁﬂ%ﬁi’Sdit];blgglgf?blrefg : aSUCh

as silica to inpar I Xotropy to conpo e VISCO
t hi xot ropi ¢ conpfoaug incndekrasshnked polyethnlent aridpobyethyteneAVA foamisear stresses so
that it flows when itﬂli S screen. printed. ce the shear stress.is renoved,

the thixotropic matelfgfcresicmntableadhesiyes ol the present inyention ate parfichlariy, e 30

printed adhefy vesgasfPidéthlpin@fEdird@y oftb QWhBMIGR WHen NES difeMdHaVEt €d onto a
substrate. A suitable silica is commercially avail abl e under the

CAB-O-Sl L[err] tadbesiveronlycon selegt-areas ofibe stufar8398e such substrate is a flexible

P11 US98/ 18311 (S4iRafrobh Spiaiie ook cich DeBRY oRpR2 3ol ke B
coated with electrically conductive metals such as copper, which has been etched
to provide electrically conductive circuit traces. The polymeric films are typically

15 polyimide, although other types of films such as polyester are also used. Suitable
flexible circuits are commercially available from such sources as Minnesota
Mining and Manufacturing Company, St. Paul, MN and Nippon Graphite, Ltd.
Flexible circuits are also described in U.S. Patent Nos. 4,640,981, 4,659,872,
4,243,455, and 5,122,215. For these types of applications, preferred screen-

20 printable compositions for the adhesives comprise from about 25 to 99 parts alkyl
acrylate monomers and 75 to 1 parts of at least one reinforcing monomer that does
not contain acid, and 1 percent to 10 percent by volume of electrically conductive
particles. Preferably, the comonomer is isobornyl acrylate and the electrically
conductive particles are present in amounts of about 1 percent to 5 percent by

25  volume.

Flexible electrical circuits are used in electronic devices where an electrical
interconnection must be made, such as between two circuit boards, or between a'
circuit board and a liquid crystal display (LCD). Such connectors are useful in a
variety of electronics such as in calculators, computers, pagers, cellular phones,

30  and the like. '
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from DeCussa Corporation. In another preferred enbodi nent, the
screen-printabl e adhesi ve conposition also includes electrically conductive
materials. Such materials 5 i nclude, but are not limted to, netal

particles es such as alum num nickel, gold, cop ilver,
and coat eda‘ggﬁg@r}?{ ni ckel , polyneric and gl ass spheres an%%%’??‘?lg és coat ed
w th conductive coatings such as _alum num gold, silver, copper, or nickel.
Al so useful are sdihgseregaprintableadhssives saealseuseful pha dampipg polmemriieng anount s

of each netal vai | ahl ' RN - .

Exanpl es of c%oﬁ’?r}%%é? ayﬁﬁ‘ sga({/%irq tﬁ%ﬁ&gf egpéemc?cé??'g‘gﬁfi§h?3§§%ge?€§%gg}ﬁc "es

i ncl ude condugras ¥ @omstrained lagatuanper. fIn thia dastaiRd layendampeYthoidhesidelis
Electrically conductive materials, are al so avajlable from Japan Chem cal s,

Inc., Japan; msdedtos maferial payinga higher mosyjusithan theadhesive. Fxpmpiesof i ¢ ¢ Gor don

Limted, Canagian gAY MyeRlindlRE bitdfdid Y@l Y HeldlEulRbLAbRlgliSed 1 n

the screen-printa hesive conpositions of the Tnvention dépends
upon t he t ypestaihlesssteet, caltlgolied steel, land the dikanbh practicetbe adhesivésef thexanpl e, f or

interconnecting a flexible circuit.ta a ciyfcuit hoard or aliquid
crystal di spl@yefepsin F&“Bﬂ?‘géfiﬁ’%%?'(?"@rt{m GPNSUAMDEL RYEL ¢ Blthecgnduct ivity

i s required, idhBsivCheRalRY hdtpAlbiRe-SEBRive Re SABRASEanibR Boaddltates from 1 to
20, and preferably, froml| to 10 percent of electrically 20 conductive

mat eri al s by camsterining layetrhy heatingito; for exampie; 76%h andaprlying plessureionige or

gr oundi ng'@ppill#ga‘t’é' ons, for exanple, grounding a printed circuit board to a
heat sink, or VY%l ect romagnetic interference (EM) shielding, the
screen-printabl e ddhesdhd sfprResing tinwatioga’grupioformhed by Fdtialind
preferably, from1,to 70 percent electrically conductive material by vol une
of the adhesi PYYREFRE? mixtyre obthe alkyl acrylateythe sptonal comanamsh B dreg o rposi ti ons

of the 1nvent j,3RaAhaRop sl 8'hhh ahddr sy, Usafl £ R0LAR: idifilbls 30" S The
Initiators are known In the art and are prefera Iy I ght activated. In a
preferred enbmdking the, sytuipdndludettheaabovedescebgdphotrimtistomstas wel as thermalpl es

ot ude, Bt BESubie" sdilable Blkubly il bbb Lo PR AR SO SRR rcBlG" 2
available such as those available from DuPont Company under the VAZO trade
designation. Specific examples include VAZO™ 64 (2,2'-azobis(isobutryoniltrile)
and VAZO™ 52. Useful amounts can vary from about 0.01 pph to about 2 pph.
Preferably, the partial polymerization is effected by ultraviolet lamps with a

20  photoinitiator, More preferably, the partial polymerization is effected by
ultraviolet lamps having a majority of their emission spectra between about 280
and 400 nanometers, with a peak emission at about 350 nanometers, and at an
intensity of less than amount 20 milliWatts per square centimeter (mW/sq cm). A
composition comprising the syrup, additional photoinitiator, optional crosslinking

25  agent(s), and any other desired adjuvants is then mixed, optionally degassed, and
coated onto a substrate. Suitable substrates include polymeric films, such as
polyester films, paper, metal, ceramic, glass, flexible electrical circuits, and the
like. The substrate is optionally treated with a release coating material such as
silicone release agents, TEFLON™ coatings, perfluoropolyether coatings, and the

30 like. The coated composition is then exposed to ultraviolet lamps in a low oxygen

atmosphere, that is, containing less than about 500 parts per million oxygen (ppm),
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2- 2- phenyl acet ophenone, benzoin ethers such as benzoin nethyl ether,
substituted 30 benzoin ethers such as anisoin nethyl ether, substituted
al pha-ketol s such as 2- nethyl -2-hydr oxypropi ophenone, phosphi ne oxi des,

and pol yneri cyplyohfsi tiators. - 14- WO 97/ 43352 PCT/US96/18311
PCT/ US96/ 18311 Photoinitators are comercially avail able from sources such

as Ciba Geigy Corp. .under the I err] trade desjgnation, such as
RGACUREL o 1] 794 PrefRapissehan provb 500 b P EPTPROSHIGH © § PRERARE] o 1]

907, under the gerEsMdidREaVe. ]OftioRatsy, BRI Gardd sOrbnophintaIR idhesivdlcdn e @kpdsbe®
LUCIRIN[err] TPO trade 5 nanme from BASF. The photoinjtiators can be used
in anounts fr onte@thsusousces ofiensyy such asthsat elsciypmtbearahighiintegsipdiavielet. t ype and
nol ecul ar wei ght_,of t.he t ol Ni erally, |ower nolecular weight
materials are u%ngghﬁlhkea eéc%]s}]{é‘gtgge{ad& 1l pph to about 2 pph, while

hi gher nol ecul ar weilg bhoth memRydi of nfakidigQisblebn-plitalsle adk@sit€) thekpdate N anmount s
fromabout 0.1 pph to about 5 pph. Crosslinking agents _can be added to the
scr een- pri nt abl BongmesShe eptionahsomonemersa free ragisalgnitiaon epiensbapsslinkipg engt h of

Such as those dEer AEREEpREIC BeRRRRl Quen() AThBridnlirkiay = S0ch 20 oo

i ncl ude but ar epalyepoxiBe curingiaged, (@pcote-shelipotymeeniisy) I(3)demicrybtalliee
trimethyl ol propane trjiacryl ate, 1,2-ethylene glycol djacrylate,
pentaerythritol P"("é??é?ér‘? K‘ét@“ﬂ’t‘?ﬂs @W%ﬁ%@cﬁmg P‘é’()?‘&’“_&%ﬁ(ﬂdfﬁﬂyﬁéﬁf’ e
aromati ¢ kejpnen,GaaRphBab Jort s HorAcehdtis SikthRC RS Skt idkoatedRAtaNt  NoO.

4,737,559 (Kellen), photoactive triazines such as those disclosed in U S
Pat ent Nos. 4 3bstBgiandVhen thyacrylatgs arg polynggeedsgdescribed abpye. Mthe sdre@91, 687

printable adhesive contains a polyepoxide resin and a polyepoxide curing agent,

the polyepoxide resin is then cured as previously described.
In another embodiment of the invention, a heat-curable adhesive

15 composition comprising acrylate monomer, a crosslinking agent (as defined
below), polyepoxide resin, a polyepoxide resin curing agent, and electrically
conductive material and/or thermally conductive material is formed into an
electrically and/or thermally conductive and heat-curable adhesive film. The
electrically conductive heat-curable adhesive films are useful for bonding and

20  interconnecting electrical substrates in splicing and grounding applications. The
thermally conductive heat-curable adhesive films are useful for bonding substrates
for heat transfer applications. Preferably, the heat-curable adhesive films of the
invention also contain a photoinitiator and may also contain polymeric modifiers or
property enhancing materials such as core-shell materials and thermoplastic

25  polymers.

The heat-curable adhesive films may be tacky or non-tacky to the touch and
are not required to be screen-printable. Surprisingly, the electrically conductive
heat-curable adhesive films of the invention provide acceptable electrical
conductive and bond strength performance with a degree of cure of the

30  polyepoxide resin as low as 50 percent. For example, for applications having a

resistance of 5 Ohms or less, the resistance remains stable over time, that is, the
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20 (Vesley), organosilanes, benzophenones, and isocyanates. Thermally
activated organi c peroxi des, such as di-t-butyl peroxides, can al so be used
for crosslinking by heat. Qher useful crosslinking agents include urethane
and epoxy dj %Q e ol igomers avail abl e under tradenarksﬂ@ﬂ?&%m£]230
EBECRYLT 36 EBECRYL[err] 8804 fron1UCB Radeure | nc nyrna, GA, and
CN 104[err] fron125 Sart oner PA. The crosslinling agents are

on
i ncl uded in am%emasmsmwtané @UFWW“’(@&PW&?“W*‘ legrtham} Obmof acryl ate
nononers, that h g! K¥, ) ol 0 about
2 pph, and préifl}er %s'te EIP &ggﬁxh@ﬁm%g ?@%%@9%‘3&%&8% armunt used
will depend updmuhtleb cmmltantelam\/elwmtemﬂdtm’eg/amhdlaﬁfhly simh&mﬂtaneswei ght of

t he crossli nkiﬁr;ﬁ, agert nd th ired B"é(ﬂ% rties.of the adhesive. For
electrically iional Xr@’e R FSA\EH@,' jiysation gre 7o, [CIPERANLY ¢ hat

- 15. WOs97/58i8%6r a period of up to 16 months

PCT/ US96/ 18311 the anpbunts of crosslinking agents and the chain transfer

agents are |ini t edAspefenred heaheurshle elsetricallyl conductivé adhesivafilny catgprisegp)bondi ng
so that the conduc&iv 'gartlcl s can cg‘P 03 gontg t with each other or
with the cond@@&fY B‘g}’ TSTBPSIPR S JEFUPR RICSEC BT duct i ve

pat hways. Pr efc&fsElﬂﬂhﬂg%&mihﬁhhg’ adrfitehaibiies) &ﬂ'ﬂhﬁmﬁ@ﬁ&i&@ by ;)&ye‘ioxxde

screen-printabl e adhesives have a tan delta of greater than at 140[err]C
and above, nedsiitedpalyepoxide quring agent; ar)dtd)tekég@aldxe@qyéuﬁtvemsenahe adhesi ves

have {1 oW | OPST ! 8rSloikd Al bt WS ohiHiL S oG El bOflpAER > Cr

al so be added to t Syrups o e scre nta e co ons ‘t o enhance
adhesi on to centaedylic bﬂwnenmrgmsmuuﬁmmm ptddua&fhh?ha: rmsmixﬂ:r ol efinic

substrates. Uscggslélllmkgnagcakglexfn avn%g gcrglg%esmélgt?elsy :911% pﬁ%%in?t?aetgra )61§iol}r'1eypg>rn eC arbon
resin; c) polyepoxide curing agent; and d) thermally conductive material.

Generally, the polyepoxide resin is present in the adhesive film

15 compositions in a polyepoxide resin:acrylate monomer weight ratio of from 30:70
to 70:30. The preferred polyepoxide: acrylate monomer weight ratio is from 40:60
to 60:40.

Generally, the crosslinking agent is present in the adhesive film

compositions in a crosslinking agent:acrylate monomer weight ratio of from 20:80
20 t00.1:99.9. The preferred crosslinking agent:acrylate monomer weight ratio is
from 10:90 to 2:98. '

Generally, the polyepoxide curing agent is present in the adhesive film
compositions in a curing agent:polyepoxide resin weight ratio of from 30:100 to
60:100. The preferred curing agent:polyepoxide resin weight ratio is from 35:100

25  to050:100.

Generally, the free radical initiator is present in the adhesive compositions
in an initiator:total acrylate weight ratio of from 0.1:99.9 to 2:98. The preferred
initiator:total acrylate weight ratio is from 1:99 to 0.3:99.7.

Useful polyepoxide resins for use in the heat-curable adhesive films of the

30 invention include those mentioned above for screen-printable adhesive

compositions including phenolic polyepoxide resins, halogenated bisphenol
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resins, phenol nodified terpenes, poly(t-butyl styrene), rosin esters,
vi nyl cycl ohexane, and the like. Suitable tackifying resins are
comercially avail abl e and include, for exanple, those sold under the
REGALREZ[ er r |waagufasRAL[ err] trade designations from Hercul ggpm§esfksds
REGALREZ[ err] 1085, REGALREZ[err] 1094, 15 REGALREZ[err] 6108,

REGALREZ[ err] 3102, and FORAL[err] 85. en used, tackifyin ents can be
used in anount s Pplyepaxideaesins nevalagpely %ﬁ’aﬂ’é;wve?@t@%% pph, and

more preferablyn3eddkiRQediPhhay bk Biffer AGiY YRR sSgc?ltgg?aéc@ﬁtih?‘lg%eisﬁet he

screen-printabl XOQOITDOSIUOI’IS el ther Defore or er na the syrup in
anmount s needed tcoatingfpeapertich andifilyi handling properti¢sese Paintained] drefered t hey do not

affect the polynerization.and.the Si nd .properti.es. .\seful adjuvants
i ncl ude dyes, pipﬁ%m’%%e P ‘B?lg‘,pe s(?ﬁﬁm‘ﬁﬁ‘ﬁﬁmzﬂgﬂt"gygﬁ%flﬁ?gf“#gﬁsy'scondyct i ve
materials. TRe f&uARRNPWEiBhBTaBowr d0GR240)EmdAqRidtighbiol iANpdly¥poRidefainat i on of
pressure- sensitive adhesive coated articles, such as tapes and sheets.

Tapes typi cal | y (¢mwinalenbweightrof abpubil 12-192)i Rrefomdsomenercially availabler. Sheet s
typically have suhstantial.ly 1, dt Eg,%ﬁg{,ally be
prepared in thepg§’§%° ﬁ%erfﬁ%'i’%ggg%g%%%%rgﬁ?%?%kgﬁpggagghé?)g&r/’e as transfer

tapes in which 826, and EPONTSIBRE\atiavailabltfsm Skell Chdnyipal Cal,[HougtonTXded on a
|l iner coated on both_sides with a rel ease coating. The tapes can also be

prepared by having t Heefgtaredats mopemesdentise ip theheat-surable adhesive filmofdhe ng.
Tapes with tpe mﬁﬁéri’ﬁgﬂgéﬁgésk%%&%?%%?f&%&eénbﬁirﬁﬁ:?é‘ddﬂgs&%” be prepared

either by I am nating a transter tape to the backing, or by
WO 97/ 43352 compositions including monofunctional (meth)acrylic acid esters of nd?cietiaf§96/ 18311

coating the co sitiqn.aontp the backing and curi,ng.the adhesive on the
backi ng. Tapesméﬁ?{iQF%!?I%?VESMP%Q%&‘Wﬁ&“m Y M9Eh 3 des of the

backi ng have a preferably from 4 to 18 carbon atoms. For purposes of the heat-curable adhesive

film embodiments of the invention, useful acrylate monomers also include those

15  acrylate monomers listed above as reinforcing comonomers for use in the screen-
printable adhesive compositions. Preferred acrylate monomers or combinations of
acrylate monomers are those which are miscible with the polyepoxide resin prior to
polymerization of the acrylate and do not solubilize the polyepoxide curing agent.
Preferred acrylate monomers include phenoxyethyl acrylate and isobornyl acrylate.

20 The heat-curable adhesive film compositions of the invention also contain
one or more crosslinking agents for crosslinking the acrylate component of the
adhesive composition. Generally, the crosslinking agents include compounds
having at least two ethylenically unsaturated moiety as well as bi-functional
compounds having at least one ethylenically unsaturated moiety. Useful

25  crosslinking agents include those multifunctional acrylates listed above for the
screen-printable adhesive compositions as well as bifunctional epoxide-acrylates.
Preferred crosslinking agents are those which are miscible with the polyepoxide
resin prior to polymerization of the acrylate and do not solubilize the polyepoxide
curing agent. Preferred crosslinking agents include urethane and epoxy diacrylate

30 oligomers. Examples of useful commercially available crosslinking agents include
those under the trademarks EBECRYL™ 230, EBECRYL™ 3605, and

-21-



| ayer of adhesive on them Useful backing materials include polyneric
films, such as those made f+om cast and oriented pol yesters, cast and
ori ented pol ypropyl ene, 5 polyethylene, paper, netal foils, woven and

nonwoven f i nd foans, such as those nade from pol yqlefin d
acrylics. @fgﬁﬁgggof suitable acrylic foans are those di 3’&%6553@“’?‘[1 u S
Pat ent No. 4,415,615 (Esnay et al.). Suitable polyolefin foans incl ude
crossl i nked pBBBERYLMe8804fruin POByRideyedne,/ Stvyini, d@Armnd TNl 4ZY em- pri nt abl e

adhesives of the presepnt invention are particularly 10 useful for screen
printing dir eplPo X088t rat e when it is desired to have adhesive only

on sel ect areas Ofyc/iEihfidhes NI DR UBUARDEGH Sonlah &ndak-BivalaBlee! ect i cal

circuit. Flexible electrical circuits genera |y conprise a polynmeric film
coated with e:bOéxﬂtppndabllqng@aﬁduthfcrsblmhah®t-suufatahb conppagept ishi ch has been

etched to provi l.ectrically conduct races. The | ymeric
filns are yp'?‘g‘gﬁf‘gal tic aipipe agﬁ&%&dﬁ“&ﬁ 4’ s'?ﬁ CWH(’%@ uch as
pol yest er ar emakit@t tbofftempithturd |Fenblally hddified ﬂrphaﬁmaﬁ@ ifchdERIdac® | Y

avail abl e from such sources as M nnesota M ning and Manufacturing Conpany,

St. Paul, M efran asiingowith epoxp mesing, alkylene epmendtwecwhm,tuletagd sonslensaion descri bed

in US. Pat en#ea&%ﬁlpﬂgiu? Qf%séu hétc6a5m9ih§zi§llg %2455 r}} 5 122, 215. For

t hese types of applrications, patic qming Brm PC 2% conposi tions

for the adh esrnmbap Wpo@epéxnmmg agent & 1h§blﬂﬂe pahé ﬁol?épléxide asindiat e
nmononers and 75 to arts.zgf at_ | east on&)&rel nforci ng nononer that does
not cont aith a’i?{“@e'aﬁ‘ﬁﬂatla O 28 el fnd i sl i the polygroxids; resipunon heptingithe ca) | y

conducti ve pg"icfl&éﬂof?ﬁe réSifib §téRberature!f amoiﬁmﬁngoﬁﬁb%aggg%g@%@gat e and

the electric y conductive particles are present bout 1

percent to 5 mnﬂmﬁanmc\ﬁﬁlgagmtm déleemtlnhuseahmmlmaﬁng:bﬁthmi ts are used

in electronic devic s Wneremg ectr,i ?g i nt erconnecti on,nust be nade,
Jop: i

such as bet wel ye[% & PELR P geriog,of ffme gt rgom-temperatire. Isar g and a |1 quid

crystal di spl ayol(bifi&y)of tﬁuﬁlﬁin? QEUNe i thé adhR§iPe biRjdsltioh fnatrin/aalndient Of

el ectronics such as in cal culators, conputers, P 9ers cel l ul ar Phones
15 temperature provides adhesive films of the invention tha 0

are shelf stable for up
about 16 months. A preferred modified aliphatic amine curing agent is a reaction
product of a novalac polyepoxide resin and a di-primary aliphatic amine. A
preferred polyepoxide curing agent is available under the trademark
ANCAMINE™ 23378, available from Air Products and Chemicals, Inc.,

20 Allentown, PA. In practice, the insoluble curing agent is uniformly dispersed
throughout the adhesive composition. Additionally, accelerators for the
polyepoxide curing reaction may be optionally added to the adhesive compositions
of the invention. Useful accelerators include those listed about for use in screen-
printable adhesive compositions.

25 The heat-curable adhesive films of the invention also preferably include a
free radical initiator to polymerize the acrylate containing acrylate component (s)
of the adhesive composition. Useful initiators include those mentioned above for
use in screen-printable adhesive compositions and are preferably photoinitiators.
Useful photoinitiators in the adhesive film compositions of the invention include

30  those listed above for use in screen-printable adhesive compositions. Examples of

preferred photoinitiators include 2,4,6-trimethylbenzoyldiphenylphosphine oxide
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30 and the like. -17- WO 97/ 43352
PCT/ US96/ 18311 The screen-printabl e adhesives are al so useful as a danpi ng
pol ymer. The polynmer may be used as a free |ayer danper in which the

adhesive is wepgubszi tself, or as a constrained |ayer danpecrasseissa
constrai ned | ayer danper, the adhesive is bonded to a material having a

hi gher nodul us t t a si.ve anpl 2 eful, constraj.ning | ayers
i ncl ude, but aP%‘P‘ﬂ@F“‘P‘%rR‘%@‘ B‘F‘hﬁgfi’&;’g’yg’fc?cﬁf“é‘ém%‘ﬁﬂﬁ#m&%%‘? ﬁ*‘g‘!és st eel ,

cold rolled st gfd2-hpdiSxy-Pnelttiyk-phtriylRimopancse. Useful astinasrcially aadilablee

i nvention can be screen printed directly onto the constraining_|layer. \Wen

the adhesive nihetpiniiatorsinglyde thpsemderdbe ks LUGIRENRGHE i tem BARYbe bonded

to the constraiji h Bty ) IN=T¢ =, ofnd

appl yi ng pr essﬁy’%ﬂapéﬁévghggﬁzg?@e. %iorqigmrfﬁté%g@*’g{"é&act’:ﬁcfng t he

i nvention, & syourg, the atxytarecbnippnemss maylby bemlymerized by expswe xd¢ ionizingf t he

al kyl acrylate, jhe optional conongg;g;twaas}‘iree radical initiator, and a
jas;

chai n t r ansf er rakatip su : F’L?F“‘T“rl@él_“ A shoepRIB e aftor  naking the syrup
include the above- deRCpdDEHHERIHRLDE filndldTilR ifventiB brefitabh {\Sdnidh ark S

initiators. Suitable tl%ermall?y activated free radi éal Initiators are
comer ci al | y aekrtrigddlycopdustiveisgenharanateneahi Usdfileldetrizallyedadndtiveomteials under

t he VAZO trade.desj gnati.on, ,Spegi fi c examl es,i ncl ude VAZd.er.rl. 64

(52" asobi o | PURE AP e 9985 Fos rSermb B besive KEBPHROSHIBNEE can vary
f1 om about 1§, Onehd Bartielesd sphetespk ol ef Bélphikito of eramiapdrtcibs dndlsyheres zat | on
Is effected by ultraviolet [anps with a 20 photoinitiator. Mre

preferably, théehaparercpated yish gmelpstrieally sandustive goating-andiplsoimelpdealestricelly anps
having a maj o ichys fivel \I§eh afidThohbibnHisals WBRLYE HbeRP B AKEY Some of

the electrically conductive materials listed above also exhibit useful thermal

conductivity and include metal particles. Preferred electrically conductive particles

15 include silver coated glass spheres, gold coated nickel particles, and silver coated
nickel particles. Preferred electrically conductive particles include those under the
trademarks CONDUCT-O-FIL™ S-3000-S-3M and S-3000-S-3MM, from Potters
Industries Inc., Parsippany, NJ, and gold coated nickel particles, available from
Novamet, Inc., Wykoff, NJ.

20 The heat-curable adhesive films of the invention may also include a
thermally conductive, electrically insulating material. Thermally conductive,
electrically insulating materials are typically ceramics, including aluminum oxide,
glass, boron nitride, zinc oxide, and non-ceramics such as diamond. The materials
may be in the same forms as those listed above for electrically conductive

25 materials. Preferred thermally conductive, electrically insulating materials include
aluminum oxide and boron nitride.

The amount of electrically conductive materials used in the heat-curable
adhesive films of the invention depends upon the type of substrate to be bonded
and its end use. For example, for interconnecting a flexible circuit to a circuit

30  board or to a liquid crystal display (LCD) where anisotropic or “z” axis electrical

conductivity is required, the heat-curable adhesive film composition contains from
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and 400 nanoneters, with a peak em ssion at about 350 nanoneters, and at an
intensity of less than anobunt 20 mlliWatts per square centineter (mN sq
cn). A conposition conprising the syrup, additional photoinitiator,

optional cr JadsbNg 25 agent(s), and any other desi redsﬁ‘d‘j'b%?% i's then
m xed, optigv;(?# (4?/;%5egassed, and coated onto a substrate. Suitable o
substrates include polyneric filns, such as palyester filns, paper, netal,

ceranic, gl asslto0edndreferaplychromd e 10 nersntaf elegtrcally gondugtive mafgnaly pst r at e

is optionally & A EhondRb FShitRES drProuhid icaliddscone

rel ease agent s&&%\lf\[ﬂérr géfgk‘)ﬁng? pe??ﬁorop@y%%er%ggﬁf ng’;s,s’ and the
30 like. The fonaample; gropnding a printed cirduitrboasdjio s deat sk driforeleationtagietiops in a
| o OXygen A1 RSB M ity ing SBeh-Siable aBiSivk R oSRpiton dnias' S PO

PCT/ US96/ 1831 166N 4l 186 afd pletevabltf Sf¥orh 135 76 pérednt 22EriRARY doBd$cive miateflal
conposition to a pressure bondabl e adhesive. Optionally, the cured

screen- pri nt abiyev itheadhasiveeompogitiond t o ot her sources of energy such as

neat ol et on b e kA o P prf bbb ke 11"

screen- pri nt aaing Hoththatthal Ardeelcttrica] &ntudtivitp/he heat-berablp bdlsivt fipMONONMEr, a
free radical initiator, optional crosslinking agent, optional thixotropic

agent, and ei t9o8Poitign eontains,fzqmm X ite180 andsreferably. HOPG) tp P pricert elsgtrically agent
(2) core- Sﬂﬁl | R KVE Irafitial l%?’\)ohﬁﬂé’%ﬂ]tﬁé Xc@x@ﬁbé J:Jéﬁ‘pogf?xlo){.”?ﬁé &Lnna‘?l% (4)
t a 0 m xed

anor phous ernoplastics and any other desire juvants are
t oget her to f ocomluctive maweinkis present kit arr anouhhef from 5w 80 arsl prefatably, oS a

substrate and then the acry] ates are polyperized as_ descrj bed above. If the
screen- print aB:}@Pa'&ﬁ'&éﬁw_X(%?&'@Fﬂg’e_ %@E’bﬁ‘i}“ﬁﬁ" @EF@“&‘H& a pol yepoxi de
curing agent, éo‘?rﬁ:oﬁ%x‘{.enﬁé%hﬂﬁrefy?ﬁ'id"pds§bfeh@ﬁs%xﬁ§t@ﬁo ﬁér@éﬁkw%lﬁm%ﬁc“ bed.

materials that are both electrically conductive and thermally conductive, for

15  example, solid metal particles in the heat-curable adhesive films of the invention.
In adhesive bonding applications requiring heat-curable adhesive films
having only thermal conductivity, the adhesive composition contains from 5 to 80
and preferably, from 5 to 70 percent thermally conductive electrically insulating
material by volume of the adhesive composition.

20 The heat-curable adhesive compositions of the invention may also include
materials which enhance adhesive composition processing, adhesive film handling,
and mechanical properties of the heat cured film. Such materials include
thermoplastic polymers and core-shell impact modifiers including those core-shell
polymers described for use in screen-printable adhesive compositions. Preferred

25  property enhancing materials include methacrylate/butadiene/styrene core-shell
impact modifiers, phenoxy thermoplastic resins, and amorphous linear saturated
copolyesters. Examples of commercially available property enhancing materials
include PARALOID™ EXL.-2691A core-shell particles, from Rohm & Haas Co.,
Philadelphia, PA, PKHP™ 200 phenoxy resin particles, from Phenoxy Associates,

30  Rock Hill, SC, and BOSTIK™ 7900 copolyester, from Bostik, Middleton, MA.
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I n anot her enbodi nent of the invention, a heat-curable adhesive 15
conposition conprising acryl ate nononer, a crosslinking agent (as defined
bel ow), pol yepoxide resin, a polyepoxide resin curing agent, and

el ectrically wewessts ve material and/or thermally conducti vectigssnsal i S
formed into an electrically and/or thermally conductive and heat-curabl e

dhesive film Th trical ductive heat-curapl e adhesive fil
setal Tor bondi ng SOEesHY. P brRaHRbe pPYGeth pprl e SRSUP RS n |

splicing and gr gynsbisidndiaRithGRbplasiR polifer aliRiive cbiipSRRAUAdight fattbait - cur abl e
adhesive filns are useful for bondi ng substrates for heat transfer

appl i cations. Pfremdy 09Ity 10:0,andpreferablys framD: Hi9ra 8;9%2e Geperally, dhe qorgsshiely ent i on
al so contain a [ Ok F 1 r TR t ai L&.nodi fiers or
property enhancilhigﬁg :frrﬂe'{(f“v"iérg%’gp%%c Y c?gi?%&gﬁgﬁlc%g?ﬁﬁléﬁggﬁgther nopl astic
25 polyners. dhiell:adbaivecompdsitionaddignirativ dfiftors0:360/tolds: 85aml preferablpn- t acky to
the touch and are not required to be screen-printable. Surprisingly, the
electrically cofamd:100do k&9 cur abl e adhesive filns of the invention

provi de accept abl e I glcd ¢ FraTalal Q&tﬁg ce with
a degree of cure of lﬁg{eéeo&%b;g%%epoxflﬂégo?ggi n agmfé)l%vﬁas %ef%@% For
exanpl e, for apfirinigta eatscunable adhesive mmipesition.cGeaferdlyCthebeasrcutablesidhdsive

resi stance renai ns stable oyer fi that,.is,. the 19- VWO 97/ 43352

PCT! USo6) 18311 PERMSHIAR Emelr Frglbvingand fishitsing i sompenenia PRsis £38 2 an ges

I ess than | 1phmygHsdcReoud Bfixtutd1SSREIRES dThe adhéiive tOmipoGitisi kinadhes bnte af i | B

of the invention may be adequately cured at relatively |ow tenperatures and
rel ativel y shor substiate, suthhasa releasgilineions between twrerelpase liners; a6 describedeabbvee fi | ns

of the inventi O?or%eesc{egr?-rﬂlﬁﬁtgﬁg%&tsﬁé gompositions. The heat-curable adhesive

compositions can be coated onto a substrate by methods including knife, knife-

D=

over-bed, roll, and die coating. The acrylate monomer and crosslinking agent are
15 then polymerized in the presence of the polyepoxide resin and the other
components to form a heat-curable adhesive film. The acrylate monomer and
crosslinking agent are preferably polymerized by exposing the coated adhesive
composition to low intensity UV irradiation in an oxygen free atmosphere as
described above for the screen-printable compositions. Additionally, the time and
20 exposure levels to the irradiation have to be sufficient to cause nearly complete -
polymerization and crosslinking of the ethylenically unsaturated groups, such as
the acrylates and the bi-functional compounds when present, without causing the
reaction of the heat-activatable curing agent and the polyepoxide resin. The heat-
curable adhesive films may be used in adhesive coated articles, such as, single or
25  double sided tapes or in adhesive sheets as described above for the screen printable
adhesive compositions. Preferably, the heat-curable adhesive film is prepared
between two release liners to give a transferable heat-curable adhesive film, or
transfer tape.
When the heat-curable adhesive has been prepared between two release

30  liners, one release liner is removed, the heat-curable adhesive film is placed on the

« 25~



5 stable for a period of up to 16 nonths. A preferred heat-curable

el ectrically conductive adhesive filmconprises a) an acrylic polyner
conprising the reaction product of acrylate nononmer, a crosslinking agent
havi ng acryl ate noieties, and photoinitiator; b) poI yepoxi de resin. C)

pol yepoxi deVOHP§ agent: and d) electrically conductive RGEESIMSSL]q

A preferred heat-curable thermally cohductive adhesive filmconprises a) an
acrylic pol ynenbsiatepo be borgled.lthe seoarst reloasefineis cemmkd and the stccondrononer, a

crosslinking a ent . havi n e no photoinitiator; b)

pol yepoxi de ré sl’\'ateéip %ﬁﬁ’%ﬁ?é%tﬁ“fﬁfféé@h‘few%d d) thernally conductive
material . General | Yonct e heflcnABR EdEEsIVeSHinhak BeddRERAY pbéitibdead waghesi ve film
1 5 conpositions in a polyepoxide resin:acrylate nonomer weight ratio of

from 30: 70 t o respegdao theisubstrates tor hechpngesi, Wﬁ'@mulﬂheateécﬂw timeatriamperatugei ght
ratio is f f;om 48‘%:{&%&%0 cn%p %S?lyegex%e?es%%b otbgne £ @Llfr'e ?atalga}s% I's present

in the adhdsi V& Chen CrlogstE i |ng agen at e nononer

wei ght ratio gerceitesmbanidéd Esodlffexeﬁuals&anﬁg cdlbmptig ftiey dcadl ﬁmeaﬁd i nki ng
agent:acryl ate mononmer weig ratio is_from10:90 to 2:98. Cenerally, the

pol yepoxi de cd?mmatargémmd@spweg therspecfiq spampensnisinshe hqat-ﬁwre'aﬁrwym ons in a
curing agent: FL%%SBR&&{ tf.f?aib&r | 1§ BE bbiifeh O er;llfyg{ﬁ!eo hes ?ﬂthgsg@h%oo The

preferred curing agen yepoxi de resin wel rom 00 25 to
50: 100. Cener ahxlregmoﬁhecﬁneeatzﬁdipemturemgwﬁfmmPGstoplrae%(émdaméﬁmeaﬂhesi ve

conpositions in an |n|t r:.total ryl ate i ght _ratio of fromO0.1:99.9
CorD 5s. Mo i L5 pespndsip S (ypirablys s ades VR B Faitatd ot om 1009
to 0.3:99.7. Mﬁﬂﬁé&htuﬁfﬂfxm&wmﬁﬂ%oa: 5 a MRSt of fiGin 1§ 3¢cohdy BRp adhesi ve
films of the 30 invention include those nentioned above for

screen- pri nt ai wintthe Mopeprefermblys thei adhesiverfime aterryredfie fromi 16 1p 80 yesondsi de
resins, hal ogepat. el NeSBUSAR of from 120 to 150°C.

The amount of pressure required for bonding the heat-curable adhesive
15  films of the invention depends upon the substrate to be bonded and its end use.
Some substrate/adhesive film combinations may not require any applied pressure.
For example, to form an electrical interconnect between substrates, sufficient
pressure is applied so to cause the adhesive to flow enough to allow the conductive
material to contact the substrates to form an electrically conductive adhesive bond.
20  For bulk electrical and thermal applications, sufficient pressure is applied to the
heat-curable adhesive film to cause uniform wetting of the adhesive onto the
substrate surface. The amount of pressure required (if any) may be determined by
one skilled in the art without undue experimentation.
The heat-curable adhesive films can be cured by using any known means of
25  applying heat and if required, pressure, for example hot bar bonding or by placing
the substrate under initial pressure followed by heating.
Other adjuvants can be included in the composition in amounts needed to
effect the desired properties as long as they do not effect the polymerization of the
acrylate or the curing of the polyepoxide resin and the desired end properties.

30  Useful adjuvants include dyes, pigments, fillers, and coupling agents.

« 26~



- 20- WO 97/ 43352
PCT/ US96/ 18311 pol yepoxi de resins, noval ac pol yepoxi de resins, and m xtures
t hereof . The pol yepoxide resin may be either liquid or solid so |ong as

accept abl e aghpsiszcoating properti es and filmhandling prraaseéasare
mai nt ai ned. Preferred pol yepOX| de reSins include solid nultifunctional

novol ac pol yepoxi de , out and

| i qui d bi sphenol %F@’é g‘ﬁ@‘é‘t‘%emﬁgg{é‘%gﬁ?s %‘%‘E‘ (8)“1672 192).
Preferred comTQﬁfeth,d y avai I abl e pol yepoxi de resins i ncI ude those under the
trademar ks of EPON l%’lr:l}r;l 164, EPO\I&I&r rl{!w_ZS and EPONTM 828, all avail able
from Shel | Cher léﬂ‘-‘rﬁ)nomers for use in

t he heat - curablﬂ ﬂpﬂsd‘o\ﬁﬂuzﬁwlxﬂﬁ of the 10 i nvent i on include those

menti oned above Tor Scteen- print abl e adhesi ve conpositions including

nonof unctiosal (et Thisaésy islameasirdmenttof the eddctrivalresistaiidealirpugh thy hdlesieohol s
having from2 to 20 carbqn atops .in the al ky

et nd preferably from4
to 18 carbon at an%?on BUcUn8 SEeuit R qsﬁ@“FFe‘a?‘L’éﬁf lébagﬂﬁ%@m&%f‘ﬁ%
enbodi ments of g liq.gfe g,legstﬁa{n%oﬁgm@ﬁﬁﬁ nmononers al so i nclude those

15 acrylate nDnoners above as reinforcing conononmers for use in the
screen- printabl e adhesisuepledsprepared byrbondibg afstaightdine@rmpil 3.2 mmypiteler s or

comnbi nati ons of | ate ner s 0S i ch,are m sci with the
ol yepox! de. r oy caret BERER Shen oS Brsg e S Comelot Sihitao not
sol ubi i ze {de dagssRPAVAiIae ﬁHﬁx'Mﬁn@éB&ermrFq &Wﬂhﬁéﬁ@aﬁéﬁoa‘s{f‘ P'%Elnmr S

i ncl ude phenoxyethyl acryl ate and isobor acryl ate.

heat - cur abl e aohmqev@pnmeﬂm@nmd@&&te@;fbomémwﬂ@nteélgbesnlan@ n one
or nore crossli nt of the
adhesi ve conposi &lﬁ’ ﬂée?rﬁs‘?ﬁww E\%ﬁ%ﬂr’lg?g%%P ﬁ%g%égﬁf&sse’g%%g@gconpounds

circuit traces of the ﬂexlble electrical circuit are aligned to the corresponding traces

on the circuit board and bonded by hand pressure for a pressure-sensitive adhesive
15 or by hot bar bonding for a heat activated adhesive. Hot bar bonding is
accomplished with a 3 mm by 25.4 mm thermode (TCW 125, from Palomar
Systems, Carisbad, CA) set at 145°C and 800 psi (5516 kiloPascals) for 10
seconds. The other end of the ﬂexible.circuit is bonded to the ITO coated side of
the glass plate. For samples that are flood coated, that is, having adhesive covering
20 the entire flexible circuit, only the area contacted by the thermode is bonded to the
circuit board. For screen printed samples, only certain areas are printed with the
adhesive.
Electrical resistance of the adhesive interconnection is measured by the
four-wire method using the principles described in ASTM B 539-90 such that the
25  net resistance not due to the interconnection is minimized to approximately 150
milliOhms. Results include the average resistance (AVG), the minimum resistance
(MIN), and the maximum resistance (MAX). Samples are tested after bonding
(INIT) and after aging at 60°C and 95 percent relative humidity for 10 days
(AGED).
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having at | east two ethylenically unsaturated noiety as well as
bi - functional conpounds having at | east one ethylenically unsaturated
noi ety. Useful 25 crosslinking agents include those nmultifunctional

acrylates |J ove for the screen-printable adhesive L.ti,ons as
wel | as bi f‘hﬁ%?’?’g%gl epoxi de-acryl ates. Preferred crossli Wg’%ggiégts are
those which are mscible with the polyepoxide resin prior to polynerization
of the acryl a®® ReetAdlesiomt sol ubilize the pol yepoxi de curing agent.

Preferred crosslinki.ng agent.s .ingcl ur ethane and. epoxy. diacryl ate 30

ol i goners. Exanpl gth'% Stdg‘g?"&ﬁc%a;%&%{lgg?i}e’g@ﬁfﬁgﬁ?é cgf%'ggftﬁ I ng agents

i nclude thos e7dh&dﬁé totefithertan FRS A Birdifit BoRdIR Yo Areindium?@ox i FCRY ih&/pidte 3605, and
-21- WO 97/ 43352

PCT/ US96/ 18331vms20-Qumpysqupreshert resisiviterpilablediame Ninpen Shest{3lase,  Ga, and ON
1 04T err] U%Qg?@[bg%ﬁ& for8 res?ﬁfé—gamitgg‘rdhzgi@f,rb?%ihggﬁﬁﬁyéghmve films of

the i nvention In a heat-activat e pol'yepoxrde curfng agent.
Preferably, tpasdddest-thermode(ECWd26 from JalampanBystemsaCarlsbadydBA)setatal i phati c

" oom t enper ot HEC se A e {5318 Kok seee G [q5Rates. e st RS itie adduct & of

an am ne W t Ny BRR%Yin £l in He (WG T8v BPMIEFANCTerRilE YesRR s ;Hai fheand
condensati on reaction products of an aliphatic amne wth fatty acids or

manni ch bas esfledble cizeuit mpunted in the hyrep iaw, skoulsi beiputjediofé ata 905 anglsolbl e i n t he

pol yepoxi resy 10t ernaf ure at aut 20[err]C and iL.s,soluble in
t he pol yeggxi Hédtﬁgé%’ﬁﬁﬁ’ﬂgﬁ cﬁgﬁ)sd?ﬁpﬁgs cp%‘l @Q?SYisﬁéALﬁggisﬁeegévaélztssénper ature
of about 60[ efnillifaeterd peb alintidt endresilie aRrecbRdedin pRghsABRTtheterSapled afeUr | N9
agent whi ch does not cause substantial curing of the polyepoxides over a

prol onged per fes@d afterthopding {INI'Erandialianaging a5 68°C andd5 percent relative

humidity for 10 days (AGED) and results are reported in grams/centimeter (g/cm).
Molecular Weights

15 The molecular weight of the syrup is determined by conventional gel
permeation chromatography. The instrumentation includes a Hewlett-Packard
Model 1090 Chromatograph, a Hewlett-Packard Model 1047A Refractive Index
Detector, and a variable wavelength UV detector set at 254 nanometers. The
chromatograph was equipped with an ASI Permagel 10 micron column. The

20  system was calibrated with polystyrene standards from Pressure Chemical Co. The
signal was converted to digital response using Nelson Analytical hardware and
software and the molecular weight (weight average) is determined using software
from Polymer Labs. GPC test methods are further explained in Modern Size
Exclusion Liquid Chromatography: Practice of Gel Permeation Chromatography,

25  John Wiley and Sons, 1979. _

The samples are prepared by pre-treating with diazomethane in diethyl
ether. After drying, the samples are dissolved in tetrahydrofuran (THF) ata
concentration of 2.0 milligrams per milliliter of THF and filtered through a 0.2
micrometer TEFLON™ filter. Samples are injected into the columns at volumes of

30 100 micro-liters and eluted at a rate of 1 milliliter per minute through columns

maintained at 21°C.
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insolubility of the curing agent in the adhesive conposition matrix at
anbi ent 15 tenperature provides adhesive filns of the invention that are
shelf stable for up to about 16 nonths. A preferred nodified aliphatic

am ne curing wgeMssss a reaction product of a noval ac pol yepewpgrniRsi n and
a di-primary aliphatic amne. A preferred pol yepoxide curing agent is

avai | abl e under_ t he trademark_ Al 3 avail able fromAir
Products and ChelfesifysMessyred Y?E’C@mm’w% I@SPP'H practice, the
i nsol ubl'e curing ageﬂkrhe%ldg'iﬂai&faﬁc&n@ﬁéﬁfé&‘féﬂrﬂd&&%g@kﬂwﬁa‘tsﬁdhes' ve

conposition. Additionally, accelerators for the pol yepoxide curing reaction
may be opti onal RbemwedThethmemiﬁeﬁ'twooemm tmqswmhfa qoneangie/efnt i on.

Useful accel er | ncI ude th se | | use n- iprintabl e
adhesi ve como§ﬁ§§?1 DE:SEC, and acﬁe qf' ?% a%?e oq?gé# ? crois $208 ¢ he

i nvention also ﬁéeiseernabkwah@mw@@/sﬁwwlﬁdmatzm3mats¢aﬁ)orrhé Qartifig Jier i ze

t he acryl ate contal ning acryl ate conponent (s) of the adhesive conposition.

Useful initiat mrsitemnqr@ta@sm@éec nEha stgHegisteesbisd 008 dyppisquprg certirestsr(bPi nt abl e
adhesi ve conpos f ul

phot oi nltlators#%s%?ﬁ he a %@i%\'/rggsﬁ% F—fnsﬁ’?grrpo [ cﬂgﬁﬁsﬁnlg@@ﬁ@sﬁ ntion include
30 those |i st eWisadyity at infinitesheariand yicidyointp asemicabired adhiati iv feponedmss(a) i ons.

2 4. bt i et byl BFESOY PURBHER (PO MsEc Held in Bascas. g @ Golaulapd

PCT/ US96/ 1834 1 ﬂﬁjd ﬁl‘%cﬁﬁd TRE Calculated Yield and the Viscosity is determined using the

bi s(2, 6, -di net hoxybenzoy )-2,4,4-trimet hyl pentyl p%OSphl ne oxi cfe and

2- hydr oxy- 2- netﬁgdsoﬂMopﬁeagitscaqulrabpmone Useful commercially avail able

phot oi ni ti at or s ncllu onse un r the Y demarks LUCIRIN err] TPO from
BASF Cor p., Fﬁﬂ’ P& %8 d“lt?&' TR % r om CI BA- GEI GY, Tarryt own, NY.
O A pressure-sensitive adheswe composition was prepared by mixing 67 parts

isooctyl acrylate (I0A), 33 parts isobornyl acrylate (IBA), 0.1 pph (part per 100

15  parts of acrylate and comonomer) benzil dimethyl ketal photoinitiator
(ESCACURE™ KB-1 photoinitator from Sartomer), and 0.1 pph carbon
tetrabromide in a glass jar, purging the jar with nitrogen, and exposing to
ultraviolet radiation from fluorescent black lights which have at least 90 percent of
their spectral output between 300 and 400 nanometers with a peak emission at

20  about 350 nanometers until a viscous syrup having a viscosity estimated to be
about 2000 to 3000 centipoise was formed. To the syrup was added 0.1 pph of
1,6-hexanedioldiacrylate (HDDA) and 0.2 pph of a second photoinitiator
(LUCIRIN™ TPO available from BASF). The adhesive was then screen printed
onto a polyester film using a 60 mesh screen on a rotary screen printer (X-Cel

25  Rotary Screen Printer from Stork). The adhesive formed a fairly uniform coating
on the substrate with a few bubbles, and slight stringing of the adhesive.

Comparative Example C1 was prepared as for Example 1 except that 0.04

pph KB1 photoinitiator was used in preparing the syrup and no chain transfer agent
was used. The resulting adhesive did not screen print well and exhibited stringing

30 between the screen and the substrate which caused large bubbles and holes in the

adhesive coating and a very non-uniform coating.
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5 course, the acrylate conponents may al so be polynerized by exposure to
I oni zing radi ati on such-as el ectron beamradiation as is known in the art.
The heat-curabl e adhesive filnms of the invention preferably contain an
electrically,.c tive agent or material. Useful electric&JaJ uctive
material s iﬁagﬁggﬂ%hose | i sted above for screen-printable a ﬁ')ég?@g
conpositions including 10 netal particles and spheres and netal or

pol ymeri ¢ or cer aniTbe pxamples|veese bypexpesing thegoated adhesivasdd medium an

electrically conductive at i an so i nglude.el ectricall nductive
woven and non-RRGVER %“E’f‘?‘é‘?%gg‘iﬂﬂ? g’&%‘b@g"??@&%@%ﬁ%f%‘% g”e\{g%ﬁg of the
el ectrically gadgtssvreceensitiveri als |isted above al so exhibit useful thernal

conductivity and include netal &art icles. Preferred electrically conductive
particles 15 i ncl dheadhesiyesof bathycxamples Werealgedsstad forshesr vissasibtand; ckel

particles, @an | I -y - Pref entrjcally
conductive spaggz;é‘dé:efggéaltfég%ggm?h@ggs&n gIr‘at %ﬁ{opg}g'ngéiﬁgm@ﬂ Ll err]
S- 3000- S- 3M anmneaSaradowa BoRIM\CS Rheomddat Bxtemsibmal wistositg svas neasuréborsanppany, NJ,

20 9% O el boogmrediom Rivewers. ComRERUYe BRENG G LRI of 50
ol ude. 3t erylbiaf AU EhavRlr B i BN LAVIOR P fTaSihAlves Ther mal |y

conductive, electrica nsulating materials are typrc y ceram cs,
i ncl udi ng al urdseuidenszd He shegt thinninglishavorand an dpparent viscasity ihsreasamlith

non-ceram ¢s such as dj anond e terials be,in.the same forns as
t hose |i sted dﬂgsae“r\goe?‘{e@flg'&ﬁﬁ' I@el ‘gg'hfﬁ?fgtqe\%'ggdz%ﬁhe ?ﬂ?‘g}ol"g s. Preferred
thermal | y condusbiiv@shed visebdityGidréased Wwith irittdabifig Bedi Fatedos Cil N Ekatdpleal um num

oxi de and boron nitride. The anmpunt of electrically conductive materials
used i n the heuhibited aptore Newteniay shear vigaosisy, which remoiaed fairly epnglantodithypon t he

t f bstr; b L LIS : )
T e R o S B RISt

I nterconnecting a e clrc to a ci
crystal displ aconfthsE@} thetseraie ratawanincepsed. or "z" axis electrical conductivity
Is requir etlzls tﬁfantlﬁgsti gyr abl e adhesive filmconposition contains from
Heat-activatable adhesives were prepared according to the procedure in
Example 1 except that the syrup composition was 43 parts IOA, 57 parts IBA, 0.1
pph benzil dimethyl ketal photoinitiator, and 0.1 pph carbon tetrabromide. The
light exposure time was varied to form syrups with a viscosity of about 16,000
20 centipoise (cps) for Example 2 and about 2000 cps for Example 3. Viscosities
were measured on a Brookfield RV Viscometer at a spindle speed of 5 rpm
(Spindle #5) at room temperature. An additional 0.3 pph benzil dimethyl ketal
photoinitiator and 0.1 pph HDDA were added to each of the syrups before screen
printing.
25 Both adhesives were screen printed on an AMI 850 séreen printer. The
screen mesh, squeegee speed, squeegee angle, and squeegee hardness were varied
to obtain the best coating possible with each of the adhesive compositions. The
target coating thickness was 0.0254 mm (1 mil).
The composition of Example 2 was printable but required slow squeegee
30  speeds to reduce the number of bubbles in the coating. The composition of

Example 3 had fewer bubbles during printing, but had flowed after printing to
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PCT/ US96/ 18311 1 to 20, and preferably, froml to 10 percent of
el ectri-cally conductive materials by volune of the conposition. In bonding

for shi el di nowglgeagaindi ng applications, for exanple, groungqfgssnpiint ed
circuit board to a heat sink, or for electromagnetic interference (EM)

shi el ding, the heat-curable. adhesive film.conpositipn,.caontai 5 froml
to 80, and pref E5dups 'ifi,gegﬁ’%w%"t_ efﬁatﬁ‘iz?%'@ﬂf"_’sg’?%F‘f’?‘gléﬁ"?%/t_“'(?g‘r?(rj@ﬁ?i ve
material by vol %ﬁ&eﬁemiﬁl&kqmgﬁnﬁﬁﬂﬁ&?bkbpﬂmfb Koy Bfahia§ iDORiEHb £t
applications requiring a heat-curable adhesive filmhaving both thernal and
el ectrical conduieh ptpasphere forabpaih b minptesivith the saaple abaut B inckesfgé2ictDon

contains froms ra%vgy{ g‘gm%'c kgf‘gﬁge%’ag SRk M&J&ﬁﬂﬂ&&&&%@&%i cally 10

conductive mate y volu esi ve conposi'ti on. ermal |y
conducti ve nat etdnfgerdtirepr esent in an anount of from5 to 80 and preferably,
from5 to 70 percent thermally conductive material by volunme of the

adhesi ve conposiEtxPW.leﬁl ternatively, it is possible to use fromb5 to 80

percent by vol ume of AN o ' - jve and
thermal |y conducti vef‘r@%tregci'gitﬁ‘gég‘ﬁn%flg% g%"%%%"ﬁe%ﬁ%%?é *’%’T"gggg%?’%éﬁe&

heat - cur abl e ad tiesiomposiiibnref Examplec and\igpart ofthe dompasitiers ofExahpied2. ithe
applications requijying heat:cyrabl e adhesive fil havi 0 t I
CondUGti iy, |t HEPTA P oo A roN coibaird o U bptesn fopup ot pad 8668
preferably, frogemipoie.”Phik ebhpsiitidnpRsduped the GRUAWAL defifRePédRed Whitdbding

I nsulating material by volune of the adhesive conposition. 20 The
heat - cur abl e adleasily\serccropynded evepa widsirangeof progessicpuditionsy al so i ncl ude

nandi [ ng, and. ESREREE YBCHRPEatE EmBR Y OCir ed T m Such mater] al s
i nclude For Example 5, a heat-activatable adhesive syrup having a viscosity of
about 7680 cps (Spindle #5 at 5 rpm on Brookfield Viscometer) was prepared
15  according to the procedure of Example 1 having a composition for Example 5 of
40 parts IOA, 60 parts IBA, 0.1 pph benzil dimethy! ketal photoinitiator, and 0.1
pph carbon tetrabromide.

For Example 6, a pressure-sensitive adhesive syrup having a viscosity of
about 6240 cps was prepared according to the procedure of Example 1 having a

20 composition of 65-parts I0A, 35 parts IBA, 0.1 pph benzil dimethy! ketal
photoinitator, and 0.1 pph carbon tetrabromide.

For Comparative Example C2, a heat-activatable adhesive syrup having a
viscosity of about 8080 cps was prepared as in Example 5 except that no carbon
tetrabromide was added.

25 Before coating, all of the syrup compositions further included 0.05 pph
HDDA and 0.3 pph LUCIRIN™ TPO photoinitiator. Additionally, Example 6 also
contained 25 pph of a hydrocarbon tackifying resin (REGALREZ™ 6108 available
from Hercules).

The adhesives were screen printed. Examples 5 and 6 screen printed well

30  with good edge definition. Comparative Example C2 exhibited severe stringing of

the adhesive resulting in an unacceptable printed image.
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t her nopl asti c polymers and core-shell inpact nodifiers including those
core-shell polyners described for use in screen-printable adhesive
conpositions. Preferred 25 property enhancing nmaterials include

net hacryl atgphutadi ene/ styrene core-shel |l inpact nDdifier?CTRF BN

t hernopl asti c resins, and anorphous |inear saturated copolyéesters. Exanples

of commercially avail abl e property enhancj ggb mat erial. s include
PARALO Df err] EXL- Brmpleschind &seybitited gheplogicakbehavipr simgarip Example 1cp.

Phi 1 adel phi a, sRRsmeBFEIRRY RO FARBRK R ESIcloPf §bALAS, il Phenoxy

Associ ates, 3 SC, "and BOSTIK[err copol yester, from

Bosti k, M ddl edigively¥ewtomidn up to 29Bt710838®@Ads-]. The shear viscosity, as a function
PCT/ US96/ 18311 Generally, the thernoplastic polynmer is present in the

adhesi ve fi | moEghepoatetfpripempasativeiixample (i2:dropred sanidiyethatdsi iabext ge oxdermposi t i on
wei ght rati.o f . { : < or 10 8: 92.
Ceneral ly, St hghé%én gmgggﬁg%ensp%g%g "%86%?? %3&; eghsge%glrﬂéglfa%ltb%gﬁ??&se&'gg%esi ve film
conposi tions itdCompdarative ExampleaCl.: adhesi ve conposition weight ratio of from
0:100 to 15:85 and preferably, from0: 100 to 10:90. The heat-curable

adhesi ve fil mEx8mplenk i nvention are general 'y made by first formng a

heat - cur abl e adhesi Ll i - - dhesi ve

% 1 ﬁﬂxh
conposition is madé ?/ %:ms%sigl?%F%Slgﬁg&ﬁ%g@swatﬁg&ﬁ%aé%ﬁnﬁme resf'at oget her
until a 10 hovithgbesiditionrmf 2tpph dumed silidad CABIO-SIh# M) teshesyrgorfhesi ti on i s
t hen coated onto a substrate sg%das a r.el ea$ ,é.li ner .or, between two

rel ease | i'fler SYTUR &2y ScTean ATINEd a8 mproye gdes deliofag and substantiallynes e

conposi tions. fithefigaionted adikive BefdfRsSdigg COMPOSi tions can be coated onto a
substrate by nethods including knife, knife- over-bed, roll, and die

coating. The Xeamplesd -idrandcoraparativoExampkeiGly agent are

Heat-activatable adhesive compositions were prepared according to the

method of Example 1 using 40 parts IOA, 60 parts IBA, 0.1 pph KB-1, and the
15 amount (AMT) in pph and type (TYPE) of chain transfer agent (CTA) shown in
Table 1. The chain transfer agents used were CBr, (carbon tetrabromide), IOTG

(iso-octyl thiol glycolate) and NDDM (n-dodecyl mercaptan). Various amounts of
crosslinker (HDDA) in pph were added to the syrup as well as 0.3 pph TPO
photoinitiator. Molecular weights were determined for Examples 9, 11, and

20 Comparative Example C3. Examples 9 and 11 were screen printable. The
rheology profiles, that is, shear viscosities, of Examples 10, 12, and 13 were
similar to Examples 5 and 6 and should be screen printable. Comparative Example
C3 is not expected to be screen printable because its rheological profile was similar
to Comparative Examples C1 and C2.

25
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15 then polynerized in the presence of the pol yepoxide resin and the other
conponents to forma heat-curable adhesive film The acryl ate nononer and
crosslinking agent are preferably polynerized by exposing the coated

adhesi ve CONpggb¥4sss to low intensity UV irradiation in an peygeenssiee
at nosphere as descri bed above for the screen-printable conpositions.

Addi tional ly,

the tinme and 20

exposure levels to the irradiation have to

be sufficient to cause nearly conﬂ%@’e‘sbol yneri zation and crosslinking of

t he et hyl eni ca

bi -functi onal

heat - acti vat ab
adhesive fil ns
25 doubl e si df
screen printabl
adhesive filmi
heat -curabl e a
adhesi ve has b
IS renmove

i ner
97/ 43352

substrate to b¢—bopded——t cord a5
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heat -curabl e a
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IS

A g b

Y j and t he
nd hout égﬁgﬁﬁ%”$ﬁ% rpaction of the

e @Iri g ceesy, and
may be fused in adhegive cqatedjarticles,

NI® resin. Thp heat- curable
such as, single or

06290I\0epo

pd tmpey oa/CBy,adnes
e adheqgi ve conposit

005shdars 4453168 r i bed apove for the
ons. Fﬂefeﬂablyj t he heaf-curabl e

S [0eparoab/tBy,

hesi ve [film or trahsfer tlape.

ween {0025 elldede |INThers to give a transferable

When t he heat{ curabl e

ben 1pr epay gdBijet weeni 0425 r ql0ehs¢ 288000 i ner's,
ed, the

ne rel ease

heat - cur abl e} adhesilve fill mis placed bn the WO

0.1/NDDM

tha cacond

0025 03 |NT PC/ US96/ 18311

L

hnqden

relpaseli-per—s—+ermpved] and the second
ce the

MEgRVE [T Tas bee
%e bondegd,

Proparly Bg%7plopPed W Th respect to the

the filmis heatled for "a tinme at_altenperature 5

sufficient to cure the pol yepoxide resin to obtain a degree of cure of at

| east 50 percent s NyeRskd €d by differenti al
time and tenperature dependi ng upon the specific conponents in the

act ual

scanning calorinetry, the

heat - cur abl e adhesi ve
Example 14

5

10

15

20

A heat-activatable conductive adhesive syrup was prepared according to the

procedure of Example 1 by partially polymerizing 40 parts IOA, 60 parts IBA, 0.1 "

pph benzil dimethyl ketal photoinitator, and 0.04 pph carbon tetrabromide. An

adhesive composition was prepared by mixing the syrup with 0.05 pph HDDA and
0.3 pph TPO photoinitiator (LUCIRIN™ TPO, available from BASF) until both
were dissolved. Then 4 pph fumed silica (CAB-O-SIL™ MS5) and 20 pph

conductive nickel spheres (CNS, air classified -20/+10 pm available from

Novamet, Inc.) were dispersed into the composition with a high shear mixer. The

20 pph of nickel spheres is 5 percent by volume of the adhesive composition. The

adhesive composition was then screen printed onto a flexible electrical circuit

(3M™ Brand Heat Seal Connector without adhesive, available from Minnesota

" Mining & Manufacturing Co., St. Paul, MN) using a flat bed screen printer (Model

2BS Roll to Roll Screen Press System from Rolt Engineering Ltd.) with a 200

mesh polyester screen with 31° bias and 25 mil (0.635 mm) emulsion thickness

and a 60 durometer rounded edge squeegee. The adhesive composition was printed

in the print/flood mode with a squeegee pressure of 20 psi (138 kiloPascals), 20

inches per second squeegee speed (50.8 cm/sec) and 20 inches per second (50.8
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conposition and the substrates to be bonded. Generally, the adhesive filns
of the invention are cured at a tenperature range of from90 to 1 80[err]C
and a cure tinme of 10 from 15 seconds to 5 mnutes. Preferably, the
adhesi ve fi cured at a tenperature of between 110 r]C and
a cure ti rre@"?&rsgzm 15 seconds to up to 3 mnutes. Mire prq’g?’éﬂsgﬁg{sﬂ,l t he
adhesive filnms are cured in from 15 to 90 seconds at a curing tenperature
of from 120 t cn¥se)feed adeTpesdaamsimminghumsesegeeangleqThe athesive cdatingli ng t he
heat - cur abl e 3 hesive 1 3'5 53fi | ms of the invention depends upon the
substrate to bEHARIYE 4h8 Ptiend use. Sone substrate/ adhesive film

combi nati ons may nothelsereé prénteidhesdl wREuRddy expdingithe adh¥dvdlbe, to form an
el ectrical interconnect between substrates, sufficient pressure is applied

so to cause t huozespens blaek lights asgigsaibed hExamplg | aendntensity ofakovt 48 toraterial to
contact the s A ): I i | hesi ve bond. 20
For bul k eFSec'tgr? ;§hxél?ibga§t(¥s§’%age?%.ﬁgtggla?%éhtaﬁ)%é%rﬁgﬁf@?ﬁt%gﬁgBf(gsSur eis

appl i ed to themiiblvules/sqabd entsites i Tie résultingtadhaive @ esseitiallpmontdckpat of t he
adhesive onto the substrate surface, The anoynt of fressure ,re(c]]ui red (if

any) may be dePeRRRRIAHEE byhkecamr fackywhep hegied 10 tbog 3376w (The Refnte

experinment at i : - &&ﬁ@ Lo\ ' . usi ng any
known neans o%géﬁpgbégﬁﬁaﬁg&@g{)&én |flle%(lgta{lj‘%éragg?é\%?%%gﬁﬁg&?grm{dexanpl e hot
bar bondi ng orITyglpdszcbstrgtetand tccalFRWrcarcuit borticr Testirdésuks arp slasavind'ablel2l oned by
heating. Q her a%ﬂvgts can be included in the conposition in anounts
needed to &% f ¥ & 'esired properties as long as they do not effect the
pol yneri zation of tAReAGEWaitbR dhdichfe sdhesivOway prififedinliy BRANpIEE4 r €Si N and
the desired end properties. 30 Useful adjuvants include dyes, pignents,
fillers, and cexdentithaythegmeust of HIXDA was reduced to 0.035 pph and the conductive

nickel spheres were 2 percent gold coated conductive nickel spheres . The

adhesive was then screen printed to a thickness of about 30 to 40 um on the ends of

15  the circuit traces of a flexible circuit. The adhesive was then cured as described
above. This cure was followed by an exposure to mercury arc lamps for an
exposure of 1100 milliJoules/square centimeter. The portion of the flexible circuit
that was not adhesive coated had been coated with a non-adhesive protective cover
coat (ENPLATE™, from Enthone-OMI, Inc.). The resulting flexible circuit was

20 tested for electrical resistance and peel adhesive as described above except that the
bonding pressure was reduced from 800 psi (5516 kiloPascals) to 540 psi (3723
kiloPascals), and the AGED results reported are after 13 days of aging. Test

results are shown in Table 2.
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i nventi on.

Conducti Vity woe743382

TEST METHCODS -
Thi s test

JEABhER g

PCT/ US96/ 18311
The follow ng non-limting exanples illustrate specific enbodi nents of the

SCREEN- PRI NTABLE ADHESI VES El ectri cal
Is a measurenent of the el petrisssassit
resi stance through the adhesive bond and a conducting circuit.
readi ngs shoul d be | ess than about 1
20 OChns. A test sanple is prepared b

mrm) pitch adhe
Connector with

Resi st ance
and preferably | ess than about
a straightline 8 ml (0.2

Manuf act uri ng
board) and an |
avai l abl e from

flexible electr
circuit board 3
15 or by hot &
acconpl i shed w
Systens, Carls

10 seconds. Th
coat ed si de of
havi ng adhesi vd
contacted by tH

printed sanpl es
El ectrical resi

rve Ccoated T ExT o g Euli4[ 3MeTTT Bk ceat seal

ut 10 adhesiye, aval le fromMnnesota Mning &

[0., St. Paul, | MWNINBet weenAGEDY | tedM_"l_‘rc:ii t AGBPd {FR-4 test

[ TQ coatedglagss plate {20 Chnslgguare-sh ' vity,
BEMMANCEt (3 ass, Japan). Thefcircuit tlraces of {he

TCHRUET Lt freshTgTEdtygtiTeToT pUIId'I_ITq_["V‘a'Cl' S on the

Lndtﬁb‘éﬁh'@%y Handz%res:ure Tor a pr?’saZur -seng‘lltive adhesi ve
ar Miphddiags f of a Zheat fcti4adtedjadhedi ve.| Hot5.9ar bonding is
th_a ?m‘nhy Do 4 _mm -t hernode C'{‘\I\I1?RI firom Pal omhr

ad M&Xy Qas o 1 28[er{] Cc B 800 pdi® (5516 RPBoPagcal s) for

i cofTtheft+extbtre—crrogrt—rs—bor X b | TO

f,\“I'III&Ihf;ariﬂgjrpI ate. For sagrrpl es that are flogod coat edr that is,
COlasLB@m?0 |theg2gnii e 1Kl blle cgIruit], omdgs the area

e thernmnde isibonded to the cirguit boar Far_scr é¢en

, Boad-glamai n addd% aje pSBhted wi 83t hel adhe¥ vel

Dt QIRTUIL LTIIU (IdITcDI_VU I Ilt CI1 CUIT Ubt I UTl I o IfMeaosul UCI by the

four-wire nethod using the principles described in ASTM B 539-90 such t hat

the 25 net

approximately 150 m | |i Chns,

10

15

20

Example 16

C%OI'IS.

r esi st anthe reshiltsdt Fable 2ishew that the adlssies ofihe inverntioniars snftablé o

esults include_the avera

. L € e resistance (AVG),
t he mi ni mum r esife%coating on to flexible circuits to provide electrical conne

A solution was prepared by blending (by weight percent) 30.1 10A, 34.0
percent IBA, 16.02 percent isobutyl methacrylate polymer (ELVACITE™ 2045

from ICI Americas), and heating at 80°C and stirring until the polymer was

dissolved. The amount by parts was 37.6 parts IOA, 42.4 parts IBA, and 20 parts

isobutylmethacrylate. An adhesive syrup composition was prepared by adding to
the solution 3.2 percent fumed silica (CAB-O-SIL™ M5 silica from Cabot
Corporation.), 16 percent gold coated nickel spheres (described in Example 14),
0.0192 percent photoinitiator (LUCIRIN™ TPO), 0.32 percent antioxidant
(IRGANOX™ 1010 from Ciba Geigy Corp.), and 0.16 percent crosslinking agent

(EBECRYL™ 230). The silica was mixed into the composition using a high shear

mixer. The resulting syrup was tested for viscosity and yield point and data is

shown in Table 3. A flexible circuit was prepared as in Example 15. The resulting

circuit was heat bondable, and had acceptable electrical resistance.

Examples 17 - 20

Adhesive compositions were prepared according to the procedure of

Example 16.
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(MN), and the maxi num resi stance (MAX). Sanples are tested after bonding
([NI'T) and after aging at 60[err]C and 95 percent relative humdity for 10
days (AGED). -27- WO 97/ 43352

PCT/ US96/ 18@&%9, eel Adhesion This test is conducted by ' a
flexible elec rlag',asF circuit with the adhesive to either an '@%@?‘r‘cuit
board or to an indiumtin oxide (1 TO glass plate having 20 Chns/ square
sheet resistivity (Examplealsl mdfarcompdsitigroof 53ipars IGA,28partSIBA ROmarty by hand
for a pressure-sensjtiye adhesive, or. usin .3, by 25. ul sed heat

t her node ( TCw 1¥%ne *"f%‘ﬁ?"lsﬁ%‘ﬁ'&?‘e%fe?ﬂgﬁ f@g}ﬁgﬁggﬂﬁsm@eﬁzg&@% C and 800
psi (5516 ki | ofigsisiatiator (IUCIRINSETPOY 9. percft fained silita (CRB-O-SIE™msNt ed in a
fixture in the |ower jaw of an_ Instron[err] Tensile Tester so that the
f1exi bl e ci r cusitica)yfb}pereant pntioxidant (FRGA * 10H0) andiel Snerqenticagion at a

90[ err] ang;e.teil;%oépde width of the flexible circuit is 1.9 to 2.5 cm The .
j aw separation speed was 2.54 mllineters per mnute and results are

recorded in grans/ cExdnipiel8&was prepapddas iRExanils 1 B dxcebt that the ssthpgitichNl T) and
after aging at 60[err]C and 95 percent relative humdity for 10 days (AGED)
and results ar%pﬂ‘%?ﬁﬁrgzél?tﬂpﬁf%téwi%@@mﬁwmqb I@esPRalyme ght s 15

The nol ecul ar wei ghgy0f fﬁ}fﬁ r St ' By .
perneati on chromat ogr aﬁ)kll{/. é#ﬁ‘gk’?ﬂ%ﬂ?gﬁ‘%ﬁ&??gFﬁ%@gﬁg&m%@ ackard
Model 1090 Chr partstiOdy, 2§ partsd Big ahd:20 padts dlohuty] tebtiadryla®polmitef r act i ve | ndex

Det ector, apd a varjabl vel engt h, UV det ect set at .254 pa ters. The
chr omat ogr 3ph was e’éfﬁ'ﬂ’g%%}?mme&ﬁed@mgﬁ*}'ﬁlﬂaﬁe’fﬁmﬁ%ﬂmﬂ@mﬂﬂ? The
parts IOA, 48 parts IBA, and 20 parts isobutyl methacrylate polymer.

Rheological test data is shown in Table 3.

TABLE 3
Measured Yield Calculated Yield

Example | Viscosity (cps) (Pa) (Pa)

16 968.2 255 522

17 1038 45 61.3

18 1187 29.0 46.4

19 7.2 13.2 26.0 .

20 1371 20.2 42.8

15

Examples 21-22
Screen-printable adhesives were made using semi-crystalline polymers.

Example 21 had a composition of 40 parts IOA, 60 parts IBA, and 8.1 parts of
ethylene/ethyl acrylate/glycidyl methacrylate terpolymer, a semi-crystalline

20  polymer, available under the trademark LOTADER™ 8900 from ELF Atochem.
Example 22 had a composition of 100 parts phenoxyethyl acrylate and 8.7 parts of
ethylene/acrylate/carbon monoxide terpolymer, a semi-crystalline polymer,
available under the trademark ELVALOY™ 441}, available from DuPont

Company. The above compositions were prepared by mixing the acrylate
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20 systemwas calibrated wth polystyrene standards from Pressure Chem cal
Co. The signal was converted to digital response using Nel son Anal ytical
har dwar e and software and the nol ecul ar wei ght (wei ght average) is

determ ned usj ware from Polymer Labs. GPC test met hogeyaf t her
explained in Wg%é’?‘%j I ze Excl usion Liquid Chronat ography: Pract |sgﬁéiol Cel
Permeati on Chromat ography, 25 - John Wley and Sons, 1979. The sanples are
prepared by pre-mensmerswithybe thermeplestie tovpoimens and beating the miwures aF abopt (r yi ng,

t he sanpl es- are b I [ : & Plg T t Lon of
2.0 mlligrams p@ré?h&ls}{?ﬁq?lthg‘?‘lsgbﬁlﬁéq%ﬁ [ P%egeerdgg%?eaf é‘%&ﬁg‘g@@gés ia’rr(1ioc&:!{r) onet er
TEFLON[ err] fil tteshperfiarepthe Solatien becprae hany and weret thixottapic: Both adlutiaisoweess of 30
100 mcro-liters and eluted _at,a rate, of 1L mlliliter per .mpute through
col unms mmai nt ai riSEFeRprintable, Yietd pointg and V‘s%tlgsﬁ’ﬁgwebek’% in Table 4

PCT/ US96/ 18311 ' _oeasured Yield Point, Calculated Yield Point The
r heol ogi cal ?ha?%%’?‘gﬁléstsjﬁ cjgbare determ ned on a Carri-Med CS Rheoneter. The
Rheoneter is of the Soren-prictablk adlesivgpwersinade nsisppalyepogide resins2 E8gmple

deg: mi n: sec, and,,a cone di.,anet.er 4.0 cm . The |S 55 mcrqgns,..and 5
the ystem | nor RSBy anEEdd s e m hirne (4B vy uBh B e
starting and enchaitsyaTalcAdstl dVolaé Bolgedoridelrésin (EPONTMAGH,| fiten ShélPCKenigal 10. 00
dyne/ square centinmeter (1.0 Pascals), and the end stress is 1750

dyne/ squar e centGondlieustoni 7X) icachsaws Jar, agid selling thy jasundarsisun lampsheshouthd yi el d
POLITS 8t TERSULSH A ol RS A bR L) O 201 o0
Pascal s. The Calmethavirsiste/Suatiidneistorendipolyine(PARALOID™ EXEL69 1) dmRsohng&t he

Haas, Philadelphia, PA) was dispersed into the solution using an impeller blade

turning at about 7000 rpm for about 30 minutes. Then 0.8 g of hydrophobic silica

(AEROSIL™ R812 Silica, from DeGussa Corporation, Ridgefield Park, NJ) was

15 added and mixed with the impeller for about 15 minutes. During mixing, the
mixture became warm to the touch. The mixture was cooled to about 20°C and 0.1
g of liquid photoinitiator (CGI 1700™, from Ciba Geigy Corp.),0.2 g
glycidylpropyl trimethoxysilane coupling agent GPMS™, from Huls, Piscataway,
NIJ), 2.75 g of a modified amine polyepoxide curing agent (ANCAMINE™ 23378S,

20 from Air Products and Chemicals, Inc., Allentown, PA) 0.5 g epoxy diacrylate
oligomer (EBECRYL™ 3605, from UCB Radcure Inc.), and 4.0 g of conductive
particles (Air classified -20/+10 gold coated nickel particles, from Novamet, Inc.,
where) were added to the mixture and mixed at slow speed with a paddle mixer.

The resulting adhesive composition had a viscosity and yield point as shown in

25 Tabled.

The adhesive composition of Example 23 was screen printed onto a flexible
circuit substrate (3M™ Brand Heat Seal Connector without adhesive, Minnesota
Mining & Manufacturing, St. Paul, MN) using a 250 mesh polyester screen. The
printed adhesive composition was cured under ultraviolet black light lamps having

30 an emission spectrum primarily between about 300 and 400 nanometers, with a

peak emission around about 350 nanometers, for about 5 minutes. The intensity
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Casson Model as described above. Exanple | and Conparative Exanple C1 A
pressure-sensitive adhesive conposition was prepared by m xing 67 parts
i sooctyl acrylate (10A), 33 parts isobornyl acrylate (1BA), 0.1 pph (part

per 100 15 f acrylate and comononer) benzil dinethyl I

phot oi nitiat‘gﬁg% CURE[ err] KB- 1 photoinitator from Sari‘gﬁéﬁﬂamdhd 0. 1
pph carbon tetrabromde in a glass jar, purging the jar with nitrogen, and
exposi ng to ul twasabeit 2inW/sqlicmt iThe pﬁnmdadheaivemsmen bbddedito FR$HTO whi ch have

at least 90 percent of their s ut between 300 .and nanomnet er s

with a peak eni ggtf%ﬂaso’ttm’é eat 5‘58&“ 8(5‘6 ‘imgqﬁ?f & fegnpgrfyre © al\?f'%lzsﬁgg fgyr up

having a vi scogbéut 20 3dcohid q%e%ﬁbsﬁae%b&u}n&m&éoadﬁ’c@m 6£1126 DAind Hith@S

formed. To the syrup was ad {)%2 |, 6- hexanedl ol diacryl ate (HDDA)
a

and 0.2 pph of r@%@ﬁ@ﬁﬂ‘%@(lﬁamphs ez(smgmemsrqp@ﬂr] TPO avai |l abl e from

BASF). The adhesive r using a
60 mesh scréen on a "‘%ﬁ%#?/?gvg e ﬁf)(}ipsnl elgrxg'?\?ﬁ%g X%P&ﬁy‘ggﬁ&g‘%ﬁué’?n Printer
from Stork). Thesasfutisws:es E(phéﬂbﬂyélh)ﬂ&bﬂyla!e (80ipaAs)2 ﬁ%bmﬂgl @fylatb@osubstrat e
with a few bubbles, and slight stringi ngl of the adhesive arative
Exanple O vas PBROpAE aenyaprd@rrem@m% 083 fzgpe ShelkChamicd C[?dh 8B 1

phot oi ni ti at or ¥e) nsfer agent
was used. The r l‘?ﬁng a k?zglﬁ%ié‘r}%b}egﬁx@%feg@ pSNﬁt sg\gﬁo (f?lexhi bited
stringing 30 EemwiahCohes gsmeﬁmtyla!eﬂmtddmne/udysdnepblgmdq(wmﬂﬁ& | ar ge

?gg?l €s %d g?i@%glkr}?om Qhﬁnsml&vﬁaass)aﬂt nﬂycﬁo&m%lcvsxl %tﬂ?{gtro%gl form coating.

Eecg / Ui%/ 18311 (ARROSKEMR A, H6th DeGusRUhRporad) 0.2 g likhia phosinmhadtesi ves to
Iu

1700™, from Ciba Geigy Corp.), 0.2 glycidylpropyl trimethoxysilane coupling
agent (GPMS™, from Huls), 2.22 g polyepoxide curing agent (ANCAMINE™
23378, from Air Products and Chemicals, Inc.), 0.5 epoxy diacrylate eligomer

15 (EBECRYL™ 3605, from UCB Radcure Inc.), and 4.0 g conductive particles (Air

~ classified -20/+10 gold coated nickel particles). The resulting adhesive

composition had a yield point and viscosity as shown in Table 4 and is screen
printable.
Examples 25 - 26

20 The screen-printable adbesives of Examples 25 and 26 were made using
“core-shell” polymers. Example 25 was prepared by dispersing 25 parts of a
methylene/butadiene/styrene core-shell polymer KANE ACE™ M901, from
Kaneka Co, into a mixture of 40 parts isooctyl acrylate and 60 parts isobornyl
acrylate with an impeller blade turning at 7000 rpm and mixing for about 0.5 hour.

25  The solution became warm during mixing. The adhesive composition was clear
and thixotropic upon cooling to room temperature. Example 26 was prepared as in
Example 25 except the composition was as follows: 40 parts isooctyl acrylate, 60
parts isobornyl acrylate, and 15.6 parts acrylic core-shell polymer (PARALOID™
KM 330, from Rohm & Haas). After cooling, Example 26 was clear and

30 thixotropic.
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pressure nercury lanps to form an adhesive.

tacky and pressure-sensitive. The adhesives of both exanples were als

tested for shear viscosity and 5

and extrusi onwoaymssszihe shear viscosity was nmeasured on a BepptriuBosaini
Rheonet er. Extensional viscosity was neasured on an RFX visconeter fr
Rheonetrics. Conparative Exanple C exhlghgﬁd non- Newt oni an Theol ogi

behavi or t hat

s typical of ultraviol et T

by shear thinning behavior and an apparent viscosity increase with |o
increasing extension rate. The Trouton ratio. defined as the extensio

Exanple | exhibit vvtonl an 32 aE v!| gcogi ty,. Whilch remi i
constant with ijnct nd t I 8@%’2/59‘1"% Q%L‘Q-%Q—Trouton
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rati o were esss
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# cured adhesives as evi denced

fairly

out

re.
DDA

anpl 22 1 excepR2shat tthe 24r5up clonpds9d9%i on |was 2B20partis | OA,
bl i Lodi I nathebl oph
ni de?3 The Iigﬁ?-Séxposure P/ e \j:s Wt¥ed tlo fd‘}%?syr ps with

An

mesh, squeegee speed, squeegee angle and squeegee hardness were varied to

obtain the best coati Gengpd z e
The target coatl ng -t hi ckness vvas 0. 0254 mn (1 mil).

10

15

20

PSitio

Met

The aromatic polyepoxide, monofunctional acrylate monomer and
diacrylate oligomer were weighed into a 4 ounce clear glass jar, sealed with a cap,
placed in a forced air oven set at at 90°C for a period of 30 minutes, removed and
agitated on a shaker table for 15 additional minutes to complete the dissolution of
the components as indicated by a visually clear appearance.

The resulting solution was stirred, while still warm, with a 0.79 inch (20
mm) diameter disk impeller while being heated to and maintained at 100°C (as

measured by a thermocouple positioned at the bottom of the glass jar) on a hot

- plate. The mixing speed was adjusted to about 4000 rpm to provide a doughnut-

like flow pattern around the impeller blade. Thermoplastic resin was added slowly
by hand in portions, to avoid agglomeration, into the vortex and then mixed at
100°C until fully dissolved. Complete dissolution of the thermoplastic resin was

determined by a change in appearance of the mixture from opaque to clear.

" Dissolution was usually complete within 2 hours or less depending upon the

coarseness of the powder, with finer powders requiring less time. For example, a
phenoxy thermoplastic having a particle size of about 200 micrometers was
completely dissolved in about 30 minutes or less while an amorphous, linear

saturated copolyester thermoplastic having a particle size much greater than 200
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The conposition of Exanple 2 was printable but required sl ow squeegee 30
speeds to reduce the nunber of-—-bubbles in the coating. The conposition of
Exanpl e 3 had fewer bubbles during printing, but had flowed after printing

to -30- 352

PCT/ US96/ 18&313187?4@3 gce edge definition. The coated adhesi v ST o g
using two 15 Watt fluorescent black | anps (350 nanoneter black |anps from
Syl vani a) i n amiérpmetgesitequiied approxivwtele? bovrsr about 6 nminutes with the

sanpl e about 3 inch .62 cm. away fr he | S... The cured adhesi ves
we?g essentially ta@sﬁ’-“; %8gﬁ%tpﬂtgg%r%qmﬁcg%geach?aggp%}:wéoﬁwgs ground
heat - acti vat abla fi déf with ARfTal Al ped@SandrtRaaidas i\ sifigld pigtich toalid s of the
conposition of Exanple 3 and 1 part of the conposition of Exanple 2. The

resul ting conpdslyenaxidetageylate poserperforgsskinker Mermoplasicsesiwolutionst @eBUt 5000
00 10 s SleBRln® °The BB BB it AP SE15RT b TRP bt Bl kel | e
edges whil e being easiTy scC en printed over a‘w de range Of process
condi tions. Examplhmsso effect Gissohstion@ffirer phictoiritibton nPhingGRis iade, e garwas 5, a
heat - acti vat abl e adhesi ve syrup having a viscosity of about 7680 cps
(Spindle #5 at PH"?%WE?FRS‘&‘R’P? ‘é‘t-\ﬁ sconeter) was prepared 15 according

oo BLnEa e oL TRy S ST BN B 1
0.1 pph car bon thegtacsion orikwe.and dispétzaiipi mixiig for ghosshorsemimetes withve adhesi ve
Sy7up avi g 2 i TRRl e Bl 2Oy 310 RRRing BORPRLSSLASHIAT N0 o the
maintained the resin temperature at about 40°C or less to prevent undesired
reaction of the polyepoxide and curing agent. Next, the conductive powder was
added and dispersed in a similar manner. Finally, the capped jar with the dispersed
mixture was placed on a roller mill, protected from exposure to light, and allowed
15 to rotate overnight to provide more complete dispersion of the polyepoxide curing
agent and conductive particles. A uniform dispersion having a viscosity of about
5,000 to about 15,000 centipoise was obtained. This was protected from light until
further use.
Method 2
20 The acrylate-containing monomer(s) (includes acrylate monomer, and
crosslinking components) were weighed into a clear glass jar followed by addition
of the aromatic polyepoxide(s), the jar was capped, placed on a roller mill, and
rotated for about 1 to 24 hours until a clear solution was obtained. Where solid
polyepoxides were employed this required approximately 24 hours.
25 Next were added, in order, a liquid photoinitiator and a liquid silane
coupling agent each in a single portion. This was mixed by hand at room
temperature for between 15 and 30 seconds until a clear solution was obtained.
Once the photoinitiator was added, all subsequent steps were carried out under
yellow light.
30 Core/shell-type particles were then blended, one spatula-size portionat a

time, into the solution using the above-mentioned disk impeller and mixed at a
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20 conposition of 65 parts 10A, 35 parts IBA, 0.1 pph benzil dinethyl
ketal photoinitator, and 0.1 pph carbon tetrabrom de. For Conparative -
Exanpl e C2, a heat-activatabl e adhesive syrup having a viscosity of about
8080 cps was whopgsed as in Exanple 5 except that no car bonpé&fipssshssi de
was added. 25 Before coating, all of the syrup conpositions further
I ncl uded 0.05 pph HDDA and 0.3 pph LUCIRIN err] TPO photoinitiator.

Addi tional |y, ExpasprEaboutd008 rpm derabpgtd 53620, pipvigs, 1o eqse MOKgugH JISPEISIRNT yi ng
resin (REGAL REZbéiig%gﬁslﬁﬁe %Ye;:gix&bé Becain® bt 18 et thich) A qfligRisas were

screen printed. es 5 a b screen printed we 0O wth good edge
definition. Conpesnbed.ve Exanple C2 exhi bited severe stringing of the
adhesive resulting ipn an, unaccept abl rinted i mage. .-31- . 97/ 43352
BT USO/ 18311 Exanpl Eune S it aofedly 1RHED! WEREIBE A HBPC SN ar 1o
Exanple 1. The %hmimmgsasﬂ%emyp@_@iow?a&cﬂmmﬁm 1t afa $p4BE bf Houfopphear
rate, remained relatively wtoni an up to about 100 seconds[err]. The shear
viscosity, as arfmifertabout 150 2hminutesatoensug thoxsghadigpersion. BRuning thisgimedr opped
rapi dly, that i about, an o [ 1D magni tude over the sane shear rate
range. This rhe Kokl uﬁh%%'ﬂgéﬁg?ﬂf%m%fhm | ar to Conparative Exanple CI.
Exanpl e 7 A heat - act jAfiei AlowingaHlé ifiktu@ 16 Eot GSiobmacmp@stuRtbpoleshoRide | N
Exanple 6 with the addition of 2 pph funmed silica (CAB-O-SIL[err]. Mb) to
the syrup. The foringagentpoyder apd capguchys partishesyse frided imaingle gormbred

definition agd %HR&B%H& hﬂleh%sxﬂg the aformentioned impelier blade at a speed of about 100

to 200 rpm for about 10 to 15 minutes to disperse these two components. An

opaque dispersion having a viscosity between about 1000 and 5000 centipoise was

obtained. The composition was stored at about 40°F (4°C) until further use.

15 General Preparation of Heat-Curable Adhesive Bonding Films
Method |

Adhesive films were prepared by coating the adhesive compositions
between two release liners and exposing the coated adhesives to ultraviolet (UV)
irradiation.

20 ~ More specifically, the adhesives were coated using a 6 inch (15.2 cm) wide
knife-over-bed station. The knife was locked in position to maintained a fixed gap.
The knife gap was adjusted, using a feeler gauge, to a height of 0.0025 inches
(63.5 micrometers) greater than the combined thickness of the two release liners
employed. The adhesive composition was poured between the two 0.002 inch

25 (50.8 micrometers) silicone-coated polyester release liners, which were then pulled
between the knife and bed forcing the adhesive under the knife.

The coated adhesives were exposed to low intensity UV irradiation from
one side, through the release liners, under oxygen free conditions using two
adjacent General Electric FT15T8-BL fluorescent lamps which were positioned

30  about one inch from the release liner. The exposure time was 5 minutes for a total

dose of 940 mJ/cm®. The intensity was measured using a UVIRAD UV Integrating
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flow of the coated adhesive before curing. Exanples 8 - 13 and Conparative
Exanpl e C3 Heat - acti vat abl e adhesi ve conpositions were prepared according
to the method of Exanple | using 40 parts | OA, 60 parts IBA, 0.1 pph KB-1,
and the 15 Pasy( AMI) in pph and type (TYPE) of chain tg nsf9e;l agent
(CTA) shown 1n Table 1. The chain transfer agents used wer ECEEFY f’c‘ rbon
tetrabromde), 10TG (iso-octyl thiol glycolate) and NDDM ( n-dodecyl

mer capt an) . VaRadiemeterrfviodel URB63CHS Slonlestr c(nidllmt)'ul mc}ntipp& ’V@ﬂml@g&ded to the
syrup as wel | .3 h.IPO.phot oi ni,t.i at or . Mol ecul ar wei ghts were

d)ét elrom' ned for%{g%l\@g' gyeﬁ,esﬁﬂ?ﬂfﬁ%’%éﬁﬁgﬁm?}%”%?ﬁﬁfw BB Exanpl es 9
and 11 were SCNagiond) Instiutdfoe Staldieds ddXeadfs (NST) th&@hods! Adhedive filgidear
viscosities, of Exanples 10, 12, and 13 were simlar to Exanples 5 and 6

and shoul d be daYiepthicknessof pkout G:9A2hinghes\(63. Emigrpmetersy wers otainedx pect ed t o

be screen pii ntabl e because its rheol ogj.galoprofile was simlar to
Conparative Exanples C 1 and C2. 25 -ggf-‘e—i\/\o 97/ 43352

PCT/ US96/ 18311 TABLBAdhesiuedilnb eere@ieparediyt doatinpethtaibisivd Bihpdsirogs ul ar Wi ght
8 0. 02/ CBr 4 0.025 . 03, NI* 9 Q.04/CBr4__  0.05 0.3

453,000 10  BeQspryoselease linegs and gxposing she coated adhesivegtod)\Cisragdiationas 0. 025
0.3 263, 000 HéscribedlinMAIM with the fo@oﬁgé modfticationsNT

The knife gap was adjusted, using a feeler gauge, to a height of 0.002

10 inches (50.8 micrometers) greater than the combined thickness of the two release
liners employed.

The coated adhesives were exposed to low intensity UV irradiation from
one side, through the release liner, under oxygen free conditions using
SYLVANIA™ fluroescent lamps, which had 90 percent of their emission between

15 300 and 400 nm with a maximum at 351 nm. The exposure time was 4 minutes to
an average intensity of 2 mW/cm? to give a total dose of 480 mJ/cm?. The values
reported for dosage were measured according to National Institute for Standards
and Testing (NIST) methods. The intensity was measured as described above. A
final adhesive film thickness of about 0.0015 inches (38.1 micrometers) was

20 obtained.

Test Methods for Heat-Curable Adhesive Films
Degree of Epoxide Cure (by Differential Scanning .Calorimeml

The heat of reaction before and after exposure to various temperatures for
25  various times was measured using a single cell differential scanning calorimeter
(DSC) (Model 220C, Seiko Instruments USA, Inc., Torrance, CA). About 3 to 10
milligrams of the adhesive bonding film was placed in a DSC sample pan and
hermetically sealed. This was immersed in a hot oil bath equilibrated at a selected
temperature for a specified time using a polyamide tweezers, removed and quench-
30 cooled by dipping into a dry ice/isopropanol bath (about -78°C) for about 5
seconds, then dipped briefly into dichloromethane, followed by briefly dipping
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13 0.1/10TG 0.025 0.3 NT C3 None - -
1,570,000 * NT -Not Tested Exanple 14 5 A heat -activatabl e
conductive adhesive syrup was prepared according to the procedure of

Exanpl e 1 by woebi@bki Y pol ynerizing 40 parts 1 0A, 60 parts pBfwsdensspph
benzil dinethyl ketal photoinitator, and 0.04 pph carbon tetrabrom de. An

dhesi it by .m xi.ng th i t h 0. 05 pph HDDA
20 0. 3 pph TR0 BRICH B dreN AP £ pertriavehyhe e st Basr)
until both 10  gweped idesRhidgen putsd frdn DRE2 {0400 2 Bitd SCBClahiBute> Phddeat r] M)

and 20 pph conductive nickel spheres (CNS, air classified -20/+10 [err]m
avai | abl e from Ndveastion wasralchlated as theiamsaandardhs ourvs fonibe exotharmic pastiongft h' a

10 Shear ety T 3 OBl gk oSSR R ALl T, O

t he adhesive co en sct'een printed

onto- a flexi b e FHe@epret 68polyEpbXide turd vas (R Brihdwiiliopthe fishiualGRarvict or
w t hout adhesive, available from M nnesota Mning & Manufacturing Co., St.

Paul , M\) usi ng reactipsforgsample exposed,oithg i} bath pyss thexesidyad heat efrergtiop fag@r een
Press Systemfrq I ' ' d. ] - screen
with 31[err] bi a@%&gkwﬁ%f%%g&%ﬁeg%%%agﬁg?‘%l C n%gﬁgg&g&%o

dur onet er r oundeshoteigentes aiae expressai diperemage dfithe snitiallypregsedmaimpleed 20

in the print/flood node wi.ith a squge e pressyre of 20 psi (138

kil oPascal s), 20"§"HBpldEmsaintelyexppte g%ﬁas&@@e&ﬁmew@r B W& 20

i nches per SgLong 1dse forBaterdvaluation\O 97/ 43352 |

PCT/ US96/ 18311 cm'sec) flood bl ade speed, and a m ni mum squeegee angle. The

adhesi ve coat i ngShelf Life

A sample of an adbesive film coated on a release liner as described for

Example 30 bejow, was stored in a rolied form; unprotected from ambient light, at
a temperature of 23 +/- 2°C and a relative humidity of between about 40 and 70

15  percent for a period of 16 months. At various times during this period the tack,
elasticity, and cure exotherm characteristics were evaluated. In addition, after 16
months a sample of the film was used to prepare a test circuit which was evaluated
for electrical resistance characteristics.

- Specifically, retention of tack was measured by touching a finger to the

20 surface of the film to determine if it still retained a “sticky” feeling. If a “sticky”
feeling was observed a rating of ““+” was assigned, and if not a rating of “-” was
assigned. Elasticity was determined by removing the liners from a sample of the
adhesive film, grasping it between thumb and forefinger at each end and gradually
stretching it to about 100 percent of its original dimension. If the adhesive film did

25  not break, it was rated “acceptable”, and if it broke, it was rated “unacceptable.”
Residual cure exotherm was measured as described above in Method 1 of “Degree
of Epoxide Cure." The exotherm value obtained was divided by the initial, unaged
value to get a “% Exotherm Remaining” number. After 16 months, the adhesive
film was used to prepare a test circuit as described below in “Electrical Resistance -

30 Method 1." The test circuits with the adhesive film was cured at 140°C for 30

seconds at 200 psi and evaluated for electrical resistance both initially and after
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t hi ckness was 43 to 53 [err]m The screen printed adhesive was cured by
exposi ng the adhesive to fluorescent black |ights as described in Exanple 1
at an intensity of about 4.5 to 5 5.5 mlliWatts/square centineter, and a
total ener ut 335 to 350 mlliJoul es/square centi

resul ting %ﬂgg,i‘%gpwas essentially non-tacky at room terrpgrﬁilt?%?ﬁélxgﬁt became
tacky when heated to about 35[err]C The printed flexible circuit was
tested for el evvironmental egingt Ehecvisoningstad pging barametarstusedyesmiespond ¢ TO gl ass
substrate-and . FR-4 & 1 cui [ T Le s are shown in Table 2.
10 Exanpl e 1(530?' &'ﬁggto?a?tlelc\%g?g Tt%ge%@‘é‘g?\' uc |9/(]a g‘gh‘}e"si ve was prepared as in
Exanpl e 14 except that the anmpunt of HDDA was reduced to 0.035 pph and the
conductive nickel spheres were 2 percent_gol d coated conductive nickel
spheres . The adhesive was then sddgdcabResistanget o a t hi ckness of about 30
to 40 [err]smon the ends of 15 the Ct{"gﬂ’htl traces of a flexible circuit.
The adhesive was then cured as descri ove. This cure was followed by
an exposure to ner @he gleatrical lresigtemcé betwesn tevopess ciranite borkded Gogeihlet with tHees/ squar e

centimeter. The portion Qf the flexible circuit. t was, ot adhesive
coated had be&fNHY® hﬁlvﬁb%ﬁwgﬁﬁ*aan@?fs & 5?@65? Ved’bv@?“ at

( ENPLATE[ er 1 | , prégabifiok MeROO@&a bR/ bf AlRGivk BoRliflg FAmY L Meittbd 1I"SdsMesed CUi t Was
20 tested for electrical resistance and peel adhesive as descri bed above

except that t rhethefelt and aftes sevirosmgatel aginguced from 800 psi (5516

ki | oPascal to 54 si_ (37 ki | gPascal s). .and the resul 'reported
are after 13 days &gﬁﬁ%g!@eé?nﬁgé t We BH%W‘?@% g ef.(s'-gz 34-
W07/ 43352 cm) in length by 0.25 inches (0.64 cm) in width were cut out of the coaf@&T/ US96/ 18311

irradiated adhesive sandwich construction, the release liner from one side was

removed, and the exposed adhesive surface placed across the test circuit pattern at
one end of a 0.005 inches (0.127 mm) thick flexible polyester circﬁit sample, 1.81

15 inches (46 mm) in length by 1.57 inches (40 mm) in width (Lakeside Nameplate
Co., Minneapolis, MN). The test circuit contained 8 lines of silver ink conductor,
in a 4 point probe pattern, with a line width of 0.025 inches (0.64 mm) and a center
to center line spacing of 0.10 inches (2.5 mm). Light pressure was applied by hand
to the surface of the second release liner still on the adhesive film to bond the film

20 to the flexible substrate with sufficient strength to permit handling. The second
release liner was then removed, and the circuit lines on the flexible substrate were
visually aligned with matching circuit lines of 1 ounce (35 micron) copper plated
with solder on a 0.040 inches (0.10 cm) thick rigid substrate of FR-4 type
composite (glass reinforced epoxy resin; More Than Circuits, Inc., St. Paul, MN).

25  After applying light pressure by hand to this assembly, the bond strength of the
adhesive was sufficient to permit handling without delamination.

The bonding film was cured under a uniform pressure of 200 psi (1.37
MegaPascals) and heat using a hot bar thermode bonder (Model RSM 4000,
Toddco General, Inc., San Diego, CA), equipped with a ceramic thermode having a

30 footprint of 1.97 by 0.118 inches (50 by 3 mm), for various times and
temperatures. A silicone rubber strip (SARCON™ 45T, Fujipoly America,
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TABLE 2 Exanple 14 Example 15 INIT AGED INI'T

AGED RESI STANCE AVG - Ohns 2.3 9.8 2.2 12.1
MN - Ohns 2.1 4.4 2.0 5.9 MAX - Ohns
2.6 Wo 1143352 4 9 20. 6 Peel Adhesi on G asgrusyémesi
826 1176 1883 Board - g/cm 1184 2836

834 125 results i.n how t hat, .t he esi f t he
i nvention are S%ﬁg Pﬁ‘ﬁd’?ﬂsgﬁﬂ?‘fnﬁgggﬂmf‘y ? %?sﬂﬂblei?%ﬁ'? (Wﬁ de
el ectrical connggfeivil tneasuXdl oicE thbResbassembly reaéh&pthb'aésﬁ'ﬂd eﬁhﬂ@ﬁds&ﬂ by
bl ending (by weight percent) 30.1 | OA, 34.0 percent IBA, 16.02 percent

i sobutyl net hacoyharibrggiongmwee. (ELVACI TE[err] 2045 from I Cl Anmericas), and

amount by par o vias ik Ml bltp! ptiRE MO ol Brhigle Pl E1°
i sobut yl net hacryotaKGOmégtmmesnmgesaﬁm cmﬁmweémhmmme pimmnddxdﬂk addi ng

to 10 the solution 3.2 percent funmed silica , (CAB-O SIL[err] M silica from
Cabot Cor por at i 4rfuhstraigdn B’é?"c‘éfﬁile %Fﬂ""c@&%@@W‘Ek%ﬂ’eéﬁﬁl@r‘%ﬂ’@%d’ﬁs%d in

e ne)” (kPR Wl e oo
crossl i nking agefhcubiRin@RY{52C Iﬂom?fh@ yetpdinedwingitieeecurecyclel pon icompletidre
For Vi scosi ty aftHs AU GVERE: 25 BreasiraFis oY e MR o
circuit was jar eRcEit abbek Rrip aAd e Qarhples WHR réBSvealfionfihe ktagdiadd a\n@ﬁemat
bondabl e, and hz‘i:glolaccept abl e electrical resistance. Exanples 17 -
After cooling for between 3 to 24 hours at room temperature the bonded
samples were evaluated for their initial electrical resistance. Measurements were
made at a temperature of about 72°F (22°C) and a relative humidity (R.H.)
15 between about 40 and 70 percent on the eight bonded interconnects of each sample
using a Keithley Source-Measure Unit (Model 236; Keithley Instruments,
Cleveland, OH), a Keithley Scanner (Model 705), and LABVIEW™ data acquistion
software (vol. 3.1, National Instruments, Austin, Texas). A source voltage of 20
mYV was used and the resistence was calculated by dividing the applied voltage by
20 the measured current. Duplicate samples were evaluated, and the combined
resistance range of the sixteen total interconnected traces were recorded.
Samples were then placed into an environmental chamber (identified

below) and exposed to one of three different protocols.

25 Condition1: 77°C/90 % R.H. (Despatch Model EC 503 environmental chamber,
Despatch Industries, Minneapolis, MN)
Condition 2: Hold at -20°C for 45 minutes, ramp up to 70°C over a period of 45
minutes, hold at 70°C/90% R.H. for 45 minutes, ramp down to
-20°C over 45 minutes. Total cycle time =3 hours. Repeat
30 continuously. (Despatch Model EC 603 environmental chamber)
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Adhesi ve conpositions were prepared according to the procedure of 20
Exanpl e 16. - 35- WD 97/ 43352

PCT/ US96/ 18311 Exanple 17 had a conposition of 52 parts I 0A 28 parts |BA,
20 parts St ‘)e!ﬁ t adi ene copol ynmer (K-resin 01 from Ph|| 55 oI eum ,
0. 25 percent Initiator (LUCCRIN err] TPO, 4 percent urre |ca
(CAB- O Sl L[err] I\/B silica), 0.3 percent antioxidant (1 RGANOX[err] 1010),
and 0. 18 per cefpnditiothn &5°C/85‘étR-Hb(Eﬁwa!@1MEddrhﬁAéa G®Benvironmperdglar ed as in
Exanpl e 17, except that fhe,cqQnmposition contained 32 parts |1 0OA, 48 parts

| BA, and 20 parts styrené’aglt?f"ﬁdl ene copol yner. Exanple 19 had a conposition
as in Exanple 16 except that it cont ai ned 52 parts IOA 28 parts IBA and
20 parts isobutyl nethacrylate poly | e 20 was_ prepared

as in Exanple E c@ﬁ@éﬁsmamepw%wmam@mﬁmr |lbdays4¢ed Hheresylts A and

Tabl o 5. TABLECYNREEHER ShbRLF RS ] ool AR PRI clafBle el P 00T

(cps) ( Pajnterconnect stability, for(elanplefopens and charfé8indesistance. 25.5

52.2 17 1038 4.5 61.3 18 1187
29.0 46.4 19 77 Method 2 13. 2

26.0 20 13¥He electrical resistancedfétween two test circuits bonfléd Bgether with the

conductive adhesive bonding films prepared as described above in “General

10  Preparation of Heat-Curable Adhesive Bonding Films - Method 2” was measured
both before and after environmental aging. _

Specifically, a rigid FR-4 substrate (TRC Circuits, Crystal, MN) was

preheated for 10 seconds on a hot plate set at about 45°C. The FR-4 substrate had
a thickness of 0.060 inches (C.15 cm) and a test circuit pattern thereon comprised

15 0.002 inches (50.8 micrometers) thick gold plated copper traces which were 0.008
inches (0.20 mm) wide and had a center to center spacing of 0.008 inches (0.20
mm). Sample strips measuring about 1.0 inches (2.5 cm) in length by about 0.12
inches (0.3 cm) in width were cut out of the coated, irradiated adhesive sandwich
construction, the release liner from one side was removed and the exposed

20 adhesive surface placed across one end of the test pattern circuit lines on the rigid
substrate. A wooden Q-TIP™ was pressed, using light hand pressure, along the
length of the second release liner still on the adhesive film to bond the film to the
warmed rigid FR-4 substrate. Afier about 10 seconds, the second release liner was
then removed.

25 Next, a flexible circuit (3M™ Brand Heat Seal Connector without .
adhesive, available from Minnesota Mining and Manufacturing Company, St. Paul,
MN) comprised of a 0.001 inch (0.025 mm) thick polyethylene terephthalate (PET)
film substrate, measuring 1 inch (2.54 cm) by a width of 0.25 inches (0.64 cm) and
having on one surface a test pattern, was bonded to the exposed surface of the

30  adhesive bonding film. The test pattern on the flexible circuit had 0.0012 inch (3

micrometer) thick copper traces which were 0.008 inches (0.20 mm) wide and had
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15 Exanpl es 21-22 Screen-printabl e adhesives were made using
sem -crystalline polyners. Exanple 21 had a conposition of 40 parts | QA 60
parts IBA and 8.1 parts of ethylene/ethyl acrylate/glycidyl methacrylate

terpol yner, aygeofdss&rystalline 20 polyner, avail abl e underpdpesobsigaemar k
LOTADER] err] 8900 from ELF Atochem Exanple 22 had a conposition of 100

parts phenoxyethyl racrylate and 8,7 parts of ethylenelacryl ate/ cathbon
nonoxi de t er pol WHENCT 1 ceey s%?%?fé"qq%ﬁ%" %%P‘,“ 'aﬁ‘ﬁ ey ofRRLexible
trademark ELVALQfsghielvad fnlcontitPivitR e AdhdsRIRM RAd hligred AR Yhe clid@it ?&@ﬁe
conposi tions were prepared by mxing the acrylate -36- WO 97/ 43352

PCT/ US96/ 18311 pitherrigid FRi4 substate. t Fhercirewt lines iop thedlexible substeateaweregBat i ng t he
m xtures at abo 0 r ver al . [ . . ONS were
obt ai ned. Upon (%é‘(‘)'f FJﬁg"{']Sg}‘%%ranr ?’g’ﬁ%éar% e{{eﬂ’%}e{@%‘p%&s{?&ﬁcﬁ ﬁ%hn%%kc]gsr‘)eaghazy and
wer e t hi xot r @pi docafd@iabithe ehdibpposite the IrfersSohhedtion betwabdihe gigid¥nd fidxipli nt s and
viscosities are shown below in Table 4. 5 Exanples 23 - 24

Scr een- pri nt abl SWsHA®SE ves were made using pol yepoxi de resins. Exanple 23
was prepared by m xi 400 I qoW th 8 g
(67 parts) of a cresgﬁe%\%@%ﬁcggég%ﬂg%ﬁ%&ﬁﬁ ?rﬁ %f?rﬁ]pgﬁ(gzlg from Shel |
Chem cal Co., HdepaPascald)ind iheatdordSeecondausingan D3 etiesottSamp Bondender a sun

| f bout h X | | ut i bt aj.ned,
Two- and- one- hal (PGHdr GmeatenppieEPis Saek e efles pisopat of 1
(PARALO D] erjp] 04186Rhes 259 TRIH)) for bﬂﬂﬁz times ArddEhplririres.PA sik@ne Aibbeer sed

into the solution using an inpeller blad
strip (Product No. SRG 0607, Minnesota Mining and Manufacturing Company, St.

Paul, MN) was positioned between the test assembly and the thermode.
Temperature calibration, cure time, sample cooling, and testing were conducted as
described above in Method 1 of “Electrical Resistance”, except the number of
15  circuit lines evaluated on each sample was 15 giving a combined total of 30.
Samples were then placed into an environmental chamber (identified

below) and exposed to one of two different protocols.

Condition 4: Hold at -40°C for 60 minutes, ramp up to 85°C over a period of 30
20 : minutes, hold at 85°C for 60 minutes, ramp down to -40°C over 30
minutes. Total cycle time = 3 hours. Repeat continuously.
(Despatch Model 16307 environmental chamber)
Condition 5: 60°C/95% R.H. (Despatch Model LEAL 69 environmental

chamber)
25
Electrical resistance was evalated, using a 4 wire measurement method,
made after specified times and the results obtained were compared to the initial
resistance values to determine electrical interconnect stability.
30 GLOSSARY

AGEFLEX™ IBOA Isobornyl acrylate (CPS Chemical Co., Old
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turning at about 7000 rpm for about 30 mnutes. Then 0.8 g of hydrophobic
silica (AERCSIL[err] R812 Silica, from DeGussa Corporation, R dgefield
Park, NJ) was 15 added and m xed with the inpeller for about 15 m nutes.
During m xi m xture becane warmto the touch. The g s cool ed
t o about Zo%ﬁ"gﬁﬁnd 0.1 g of liquid photoinitiator (CAd mﬁ‘tﬁﬁ’@}‘&f’ from
C ba CGeigy Corp.), 0.2 g glycidylpropyl trinethoxysilane coupling agent
GPMS[err], from Huls, Piscataway, NJ),BidgegN® of a nodified anine

pol yepoxi de curi ANCAM NE[ er r 7 20 r W Pr cts and
Chem cal s, | ncAﬁiif“?setﬁ?%&n% PA) 0.5 g %hﬁég i éﬁcﬁlf‘{gt@%ﬁh %‘%ﬁe&’
(EBECRYL[err] 3605, from UCB Radcure |@Rr.Bridga/i))4.0 g of conductive
particles (Air classified -20/+ 0 gold coated nickel particles, from
Novamet, I|nc., ARNKAMINERRZ33TRded t o t hModifigd aliphatie amine{ Al Pxedustsahd speed

with a paddle m xer. The resulting adhggd i cosity and
yi el d poi ntgas shown in 25 Table 4. Tﬁ?”ﬁﬁﬂ%@%ﬁg@ﬁ%&“ |o}r?16'ﬁ(§#a§'Exarrpl e 23

was screen printed onto a flexible ciraAlkemown®Pt)rate (3M err] Brand Heat
Seal Connector w.t.hout adhesive, M nnesp ni ng &.Manufactyring, St.
Paul , MN) usi nﬁ\'ﬁb‘;‘ZSO mesh pol yester sﬁl"k@ﬁ%eﬁf‘e‘: Fﬁml@d“'/gg Sopiinal
conposi tion was cured under ultraviol eparfdi@gike & i 00 plicsdRt e 30 an
em ssion spectrumprimarily between about 300 and 400 nanoneters, with a
peak emi ssion around about 350 nanonet edered) @ovathetincs Wiikoffi N¥). The

intensity -37- Q443352 .

PCT/ US96/ 183113\?&;%%%9% MW sq. cm  TRAZROFMCHS dpeas spueied copl¥estfen honded
to FR4, 1TO coated gl ass and heat cure@osiik, Middiem, BA)par at a tenperature
of about 150[err] C for _about 20 seconds. The substrate had a neasured

conductivity ofAB-OSIERMSwith a Fumed silica (Cabot Corporation, Tuscola, IL)
CGI 1700™ : Liquid free radical photoinitiator blend of
bis(2,6-dimethoxybenzoyl)-
15 2,4,4-trimethylpentylphosphine oxide and 2-

hydroxy-2-methyl-1-phenyl-2-propanone
(CIBA-GEIGY, Tarrytown, NY)

CN 104™ Liquid bisphenol A diacrylate oligomer
(Sartomer Company, Exton, PA)
20 CONDUCT-O-FIL™ Silver coated solid glass spheres, particle size
$-3000-S-3M =43 +/- 4 micrometers, range = 20-60
micrometers (80%) (Potters Industries Inc.,
Parsippany, NJ)
CONDUCT-O-FIL™ Silver coated solid glass spheres, particle size
25 S-3000-S-3MM = 34 +/- 4 micrometers, range = 20-50
micrometers (80%) (Potters Industries Inc.,
Parsippany, NJ)
EBECRYL™ 230 Low viscosity aliphatic urethane diacrylate
oligomer, MW = 5000 (UCB Radcure
30 Inc.,Smyma, GA)
EBECRYL™ 3605 Partially acrylated bisphenol A epoxy resin,
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range of 0.64 to 2.0 (2 sanples, 15 neasurenents each). 5 Exanpl e
24 was prepared as in Exanple 23 except that the conposition was as
foll ows: 8 g phenoxyethyl acrylate (80 parts), 2 g isobornyl acrylate (20
parts), 5 g Rebyapaes de resin (EPON[err] 1002, from Shell USodhsdeP- ) S
g diglycidyl ether of bisphenol A polyepoxide resin (EPONJerr] 825, from
Shell Chemi cal Co.), 5 g nethacryl ate/butadien rene pol yper |
(PARALG D[eErA]E 10 bEXLZSQE&?’Z from Rgggyﬂéggiﬁaé%s&“ﬁ%%m& J;SAQ! i ca
i xotrope & /rh g 2, from QIR SRR il Adhatil ufettfand | U
phot oi ni ti at or R%g 1700[err], fromGC baﬁéGei gy Cor .1), %.azl gl yci dyl pr opyl
tri met hoxysi | ane coupling agent (GPMI[ edindrylateradigoided, MW =21499 (JCPol yepoxi de
curing agent (ANCAM NE 2337S, fromAir gr&du ts ’gd jcals, Inc.), 0.5
epoxy diacrylate oligomer 15 (EBECRYL[ &P SJeshee ke Radcure Inc.),
and 4.0 g cogdugppwempsaticles (Air cl asglidhe@fimdfdmiloweicdpsgaeas ni ckel
particles). The resulting adhesive conposition had a, yield point and
viscosity as shown in Table 4 and is sceROXyegyaienmeisht £2908F@6Shell - 26 20
The screen-printabl e adhesi ves of Exanp . ndy 2 made usi ng
"core-shell" polyners. Exanple 25 was p?g%ggéaéq‘fgioltgﬂ’ers ng 25 parts of a

met hyl ene/ but adiEpopI™igys ene core-shel | DiguidBisphkiNA &yoky MSia] epoky om Kaneka
Co, into a mxture of 40 parts isooctyl acrylate and 60 i sobor nyl

arts
acrylate with an inpeller blade turningeB4vaiRsppeightT éﬁ:ﬂ% (Shell, Chespical oyt
0.5 hour. 23, The solution becanme warm gyr yggsi, fi¥jg. The adhesive
conposition was clear and thixotropic upon cooling”to roomtenperature.
Exanpl e 26 was [EPODEMEABas i n Exanpl e 2bigeikidusphendi & eporpusing epxywas as
follows: 40 parts isooctyl acrylate, 60 parts isobor I and 15.6
parts acrylic core-shell polymer (PARALE%EY“&&W%’G%T%%%@F@EEE%@. Af t er
cooling, Exanple 26 was clear and 30 tQQbXHoh6H, TX)

PARALOID™ EXI.-2691A Methacrylate-butadiene-styrene core/shell
15 particle (Rohm and Haas Co., Philadelphia,
PA)
G6720™ (3-glycidoxypropyl)trimethyoxysilane
(United Chemical Technologies, Inc., Bristol,
PA)
20 LUCIRIN™ TPO 2,4,6-trimethylbenzoyldiphenylphosphine
oxide free radical photoinitiator (BASF
Corporation, Charlotte, NC)
PKHP™ 200 Phenoxy resin, molecular weight (weight
average) = 50,000-60,000, average particle
25 size: about 200 micrometers (Phenoxy
Associates, Rock Hill, SC)

In the examples described below all amounts are given in grams unless noted
otherwise.
30 Examples 27-29

Examples 27-29 having the compositions shown in Table 5 were prepared
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- 38- WD 97/ 43352

PCT/ US96/ 18311 TABLE 4 Yield Point - (Pa) Yield Point Viscosity (cps)
Exanpl e Measur ed Cal cul at ed Regr essi on Cal cul ated 21

- 0. 987 184 22 24.5
0. 994 woblfls »s 22. 54 9.7 eerfgpon

4952 24 83.92 41.5 0. 947 1350 25

83.92 asygscgibed above in Method 1 of “General Paparatién of Heat-Curablg7Adbh¢sive

i\ghg sive Fil mogoggn;goggilc’{xf.g or g?g’nﬁlpl?i ,%Bg-shglrl ?ﬁ)%&)g}h‘cﬁg w%:te blfleen%%&. QJR)LE?ELE 1 The

aromati ¢ pol yepantiackize poitival 4y A Gilriepined tha sslutici @inERReIBve-aitdticicdaisk! at e

ol i goner were weighed into a 4 ounce clear glass jar, sealed with a cap,
pl aced in a fdmpeleraThissteptoakalacsafigy aligping the solutign ta coplte emof 30 ni nut es,
removed and. agi ; %) I tyl i: to

conpl ete tgse dtlhrgg%r u eﬁglr%é‘g@g%%? &@Rgﬁ%%ﬁ? gﬂ%g. fb‘r?%g%"feerﬂﬁ 3{?&% visual |y
cl ear appear amesultedhe resulting solution was stirred, while still warm
with a 0.79 inch (20 mm dianeter disk inpeller while being heated to and
mai ntai ned at 100[err] C (as nmeasured by a thernocouple positioned at the
bottom of the glass jar) on a hot plate. The m xi ng speed was adjusted to
about 4000 rpmto provide a doughnut- 15 |Ilike flow pattern around the

i npel | er bl ade. Thernoplastic resin was added slowy by hand in portions,
to avoi d agglonmeration, into the vortex and then m xed at

[1' ==
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100[err]C until fully dissolved. Conplete dissolution of the thernoplastic
resin was determ ned by a change in appearance of the m xture from opaque
to clear. Dissolution was usually conplete within 2 hours or |ess depending
upon the 20 vﬁg?ﬁggﬂess of the powder, with finer powders r egtgndoeasshess
time. For exanple phenoxy thernoplastic having a particle size of about
200 mcroneters was conpletely dissolved in about 30 mnutes or |ess while
an anorphous, |inear saturated copol yester thernoplastic having a particle
size much greater than 200 -39- WO 97/ 43352

PCT/ US96/ 18311 m croneters required approximately 2 hours. Next, the
photoinitiator required feg—-he—aenyl ate pol ymerization was ground to a

fine powder with a nortadr gﬁ@ pestlle and then added in a single portion to
t he pol yepoxi de/ acryl atg n® i)Bew/ erjossl i nker /thernoplastic resin solution
at room5 tenperature. Tt@gapped jar, wth the mxture was placed on a
roller mll for about 2 ot g—to e1fe§t di ssolution of the photoinitiator
During this tine, thejzﬂéawg.proeect from exposure to light. The
pol yepoxi de curing agentébﬁ@ter mﬁs t8en added in a single charge to the
reaction mxture and di Sjper&dd-by i xifng for about 3 to 5 minutes with 10
not or/ di sk i npel | er desctg'g'e.ﬂqalqoxée. Bl xi ng was done at a speed which
mai nt ai ned the resin temgﬁg BrE &t Ebut 40[err]C or less to prevent
undesired reaction of t pa yepaxildecdand curing agent. Next, the
conductive powder was a edgﬂmidispetﬁed inasimlar manner. Finally, the
capped jar with the dis ersdtuanLure=Mas pl aced on a roller mll,
protected from exposure {to I-g ghP °a*nd%allowed 15 to rotate overnight to
provi de nore conpl ete dispeg§|on of| t e pol yepoxide curing
o g
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agent and conductive particles. A uniformdispersion having a viscosity of
about 5,000 to about 15,000 centi poi se was obtai ned. This was protected

fromlight until further use. Method 2 20 The acryl at e- cont ai ni ng
nonomner (s) &br}g)#gzes acryl ate nmononer, and crosslinking c wer e
wei ghed into ear glass jar foIIowed by addition of thé aromatic

pol yepoxi de(s), the jar was capped, placed on aroller mll, and rotated

for about 1 toEmamplesd3®-3til a clear sol ution was obtai ned. Were solid

Noxt wer e aaded, i b posd & RRNC AT RREHELAE Sk Sl ety

In OI‘ Ot Ol n| OI‘ a I qul
coupl i ng agent fipssdesdribad sbmgh:e“@metaﬂ BftparIMxSoﬁMt—ﬂtwabté Adhettend at room

t t f bet til | | ut i
bt 2t nocl OnccBRREPE IR HeBpad oibaE TalE cxiepiensndo i 52 63 ver e
carried outs ungdey kigd. b@éf’ bedi g&ftmg 3ftion havmg cﬁﬂfs‘?foﬁh@ﬂéd 1 }‘ﬁ@l&‘%@ ih@] es were

t hen bl ended, one spatul a-si ze tion at a me, 1nto the solution using
t he above- nment wisk edatihigskeaiwas abdde rpolmthylmx eldd aapeaha\dmg a thickuéSs 07 .0085 2

PCT/ US96/ 18311, s f .about 4000 r m f.or .about 1 ui es :
ensur e t hor oughf® %Z&?g’i‘wﬂﬂi} pgedtqsmgsx gl‘Fe‘ﬁPﬁquF'é‘ %"r‘?ﬁ"ﬁﬁt to the
Louch. AN 0Dk SRS 1iDeri it BhnospHeFE sifd SYLOANIATE Ngkroddliad Lo Lhe
very warmm xture in a single charge 5 th stirring, using the

previ ousl y deslempberhich had S0pgecenteaaf their emissienchetwien 300 and 40900n wighat or  about
15 to 20 mput g2.iduth £S5V A&, Al VePidd Tt SF 2 bWremPWal Aldintdiied i 41

minutes to give a total dose of 1392 mJ/cm?.

-

This adhesive bonding film was used to evaluate the effect of various
time/temperature cure cycles on the degree of cure as measured using the method

described above in “Degree of Cure (by Differential Scanning Calorimetry)." The

15  results are shown in Table 6.

TABLE 6 DEGREE OF CURE

Cure Cure Degree

Table 5 | Temperature Time of Cure
Example | Composition (°C) (seconds) (%)
30a 27 90 60 44
30b 27 90 80 52
31a 27 120 30 56
31b 27 120 60 74
31c 27 120 80 84
32a 27 130 10 40
32b 27 130 20 55
32c 27 130 . 30 66
32d 27 130 60 83
-33a 27 140 30 90
33b 27 140 60 92
33c 27 140 90 96
34a 27 150 15 84
34b 27 150 130 100
35 27 160 15 93
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the m xture becanme hot to the touch. After allowing the mxture to cool to
roomtenperature the pol yepoxi de curing agent powder and conductive
particles were added in a single conbined 10 portion and m xed using the
af or ment i onedwpSpgdaker bl ade at a speed of about 100 to 200p¢pRisssaBsgbout
10 to 15 mnutes to disperse these two conponents. An opaque di spersion
havi ng a viscosity between about 1000 and 5000 centi poi se was obtai ned. The
conposition was stored at about 40[err]F (4[err]C) until further use. 15
Ceneral Preparation ghe fle@is it TaBIR 63hdW R b UErEOTERGLT bbiween SEaduodo1
Adhesive filnms were pr egar ed b _coatlg&the adhesi ve conpositions between
two rel ease |i nepesentvdn qmmvnélmm@ eppeendhand Vidsecondsat ¢ wipesiawre ((UV)

2 5 inch (15, 2 dpesn a8kl RCDBRhES hng o oY ki R RETEY (1 "

position to mai PreVidkadh diglet $Lehrgafless kg I0pek@ngap was adj usted, using a
feel er gauge, to a hei %g;- of 0.0025 inches (63.5 mcroneters) greater than
t he conbi ned t hik¥amples Phe two release liners enployed. The adhesive

<1 cone: coat 6d pol yasr SonbEfilbat BFEAAMIE 928 e thek Bomfenes & Ay 101 U20)

silicone-coated polyes hen pu bet ween
t he knife and bedhdsovedonding filkn betives twe releaserintis @s Hescfiled abbee i0 fGemaal

adhesi ves were osed tq..lowintensit) i.rradi at| from one side,
through the rel gg %‘Pﬂ@?g?atme63%%%!1@923%& E%WQ‘S’SYV’&@ two adj acent
General El ecfyi %&Tﬂéﬁ@ﬁsﬁh&e'f&%ﬁﬂﬁg‘i? AsHERA NG X ePﬁ’v\g-gﬁ. Psd 30

about one inch fromthe release |i The exposure ti I5 m nutes for

a total dose of BUGivebondihefilns wekh osddrio prepare elegmicalintaronedt wstisamples UVI RAD
W Integrating _vf/]h]iéh were cured at various times/temperatures and then evaluated in terms of
electrical resistance characteristics both before and after exposure to environmental
conditions as described above in Method 1 of “Electrical Resistance.” The cure

15 conditions and resistance values obtained are shown in Table 7.
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WD 97/ 43352 PCT/ US96/ 18311
Radi onet er (Model UR365CH3 from El ectronic Instrunmention & Technol ogy,
Sterling, VA). The values reported for dosage were neasured according to
Nati onal | nsybbwlasd or Standards and Testing (N ST) nethodg @g S|ve filns
havi ng a thickness of about 0.0025 inches (63.5 microneter ?T 3¥bt ai ned.
5 Met hod 2 Adhesive filns were prepared by
coating the adhesive conpositions between two rel ease |iners and exposi ng

t he coated adhesives to UV irradiation as described in Method 1 with the
foll ow ng nodifications. The knife gap was adjusted, using a feel er gauge,
to a height of 0.002 10 inches (50.8 mcroneters) greater than the

combi ned t hi ckness[ of thg t rel easg T nér§ emyl oyed. The coated adhesi ves
wer e exposed to | ol ismtepsit W irrgdiptioh frgm one side, through the
rel ease liner, und jb Zeg £0R i {ORS JUSLNg SYLVANI Al err] fluroescent
| anps, which had 9[E perg $h§i¢ é}r?ssﬁ “ @etween 15 300 and 400 nm
with a maxi mum at b5 g Te8pRsyr|e |3 i@ |9e$ |4 minutes to an average
intensity of 2 mwW &g°t‘b g|?e°a°t6’t§f‘%i es¢f 480 mi/cnferr]. The
val ues reported fof d re measurep acg¢ordijng to National Institute
for Standards and i NIST) nmethHods. The igtensity was neasured as
descri bed above. finah|{adh¢sive filim}hicknesg of about 0.0015 inches
(38.1 nicroneters)|uaesd B aipned.| Test Methgds for Heat-Curable
Adhesive Filns Deg@é.\;@ @Q@eq(t&/ﬂéf fential Scanning
Cal orimetry) The higat= & I s beflar 2 ehgzaztfer exposure to various
tenperatures for 2% & & tPnesevias| neagured using a single cell
differential scannf nf & i freter (DYC){ (Moglel 220C, Sei ko Instrunents USA,
Inc., Torrance, CA—AZopr 3jto 10
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mlligranms of the adhesive bonding filmwas placed in a DSC sanpl e pan and
hernetically sealed. This was imersed in a hot oil bath equilibrated at a
sel ected tenperature for a specified tinme using a pol yam de tweezers,
removed and GufRfasss230 cooled by dipping into a dry ice/i Swgaisty bath
(about -78[err]C) for about 5 seconds, then dipped briefly into

di chl oronet hane, followed by briefly dipping -42- WO 97/ 43352

PCT/ US96/ 18311 i nt o Hisgesia n Tahle 7 shoxy that anasesptablecleciiical copnesiga™as owel . The
sanpl e was then ] ol at a
rate of 15[err]?§§n@ﬁ:}P g?(aﬁg;wggte h%f&%gdg@%%%@%@&@aﬁa (jaggga g'gﬂ%lﬁg area
under the cur ve5® percenhdegroeaifipelyepaxiqeourd lbasedodn thieesalts shewn amtiabla® neasur ed

i th ft ided with th i 5, The, d f
ol yepox de. cur ShoiE EomReRiARS P SPSEPRBIe, b e SR S ST ot on
for a_sampl e exBas 4 i cldiur@l b3dMls QuRlekdaP et BSiruAmbS et T eaCt i ON Tor

a sanple not exposed to the oil bath. Reported values are rounded to the
near est whol e neenditioningd Exaraplex #facand 3da weregured updercanditionsiwhi¢heprovided al | y
prepared sanpl e [e t i i I posed to the oil bath, they were
stored in a fregggﬁﬁeea?ﬂgfeoﬁ Vﬂ'fg%(g}flm?%'ss for later evaluation. Shelf Life
A sanpl e of an Bdiwplead fil m coated on a rel ease |liner as described for
Exanpl e 30 below, was stored in a rolled form.  unprotected from amnbi ent
light, at a tenper atﬁrbendansﬁmmﬁdefz?@rthqqeﬂmavawgmmpke%mﬁasp@y of

bet ween aboyt 40 a : hod. m}%ﬁ - At various
times duri ngBt h?‘gﬁlg&rﬁzgﬁ&té?}sefgfgé:c@?hg% %gdt%gﬁla%h B%hogfcgﬂfg e otpﬁél}ﬁr%as

char act eri st i csdeveribedabaveliattitectest metlroddiShelbhife b ideternliGe howidng the sanpl e of

the fi1m was usgq Lo, BEERA nfleieh allehibl hatdbing ind 85, SR ThE"

characteristics in the uncured state, as well as its electrical properties in the cured

XN—

state. The results are shown in Table 8.
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for electrical resistance characteristics. Specifically, retention of tack
was neasured by touching a finger to the 20 surface of the filmto
determne if it still retained a "sticky" feeling. If a "sticky" feeling
was observe ing of "+" was assigned, and if not a rajl - owas
assi gned. Elqvégv?‘g#y was determ ned by renoving the |iner ?‘#‘?‘%‘ﬁ?’ksyarrpl e of
the adhesive film grasping it between thunb and forefinger at each end and
gradual ly stretching itto about 100 percent of its original dinmension. If

t he adhesive filmdid 25 not break, it was rated "acceptable”, and if it

broke, it was rated "unacceptable.” Residual cure exothermwas neasured as
descri bed above in Method | of "Degree of Epoxide Cure." The exot herm val ue

obt ai ned was di vi ded |by tgi initial, Junaged value to get a "% Exotherm
Remai ni ng" nunber. Afitep nont hs, tlhe adhesive filmwas used to prepare a
test circuit as descr|gh@dEtlel ow in &H ectrical Resistance - 30 Method 1."
The test circuits wit]& ﬁh% gdhesi 5e,"7'ffi | mwas cured at 140[err]C for 30
seconds at 200 psi ang 8vallgaegt o lel ectrical resistance both initially
and after -43- WO |87 k54 §452 o
PCT/ US96/ 18311 envi r qnnE&nes| agi ng. The environnmental aging paraneters used
correspond to Conditifon 1 gqf "Electrijcal Resistance - Method 1 " bel ow
El ectrical Resistancd 5 Met hod | The
el ectrical resistancg bet@een two tesit circuits bonded together with the
conductive adhesive ton@i §g films pgepared as described above in "General
Preparation Heat- CurdB € éficAdhescve Bonding Films - Method 1 " was
measur ed both before [gn§ @f[Be” En¥ onment al agi ng.
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10 More specifically, sanple strips neasuring approximately 3 inches
(7.62 cm) in length by 0.25 inches (0.64 cm) in wdth were cut out of the
coated, irradi ated adhesive sandw ch construction, the release liner from
one side was weoiMsed, and the exposed adhesi ve surface pl a%mﬁthe

test circuit pattern at one end of a 0.005 inches (0.127 thick flexible
(40" i n wi dth (LARRPHSTRTEE Setriet myprireL berhes boppyos f%% e
ci {tcwt con{ ﬁ' nﬁlanﬁhéb ﬁmnagtaé%i 1é mhhcmrédlaeéepfam%hancﬂméaﬁ@ba?emgke t
pattern, w aline w of i nches and a center to center
![Ih ne sp?m ng ?f cyre EWF%!@‘E%S ff‘Z“E)tOriﬁ)moﬂ_‘hsg?ﬂelmﬂ&%F@f%@fdﬁpmﬁeh' by hatr;d Ej 0
e surface o o bon
the film20 to @ eX| ng %%g&t {ﬂgf%?ot;}]rl) id ?lg?glﬁéﬂﬂ{??dé%@ '&’e{t{)&%’er m t

handl i ng. The sevaufier etivizamental aging \Walientchra. rermved and the circuit lines
on the flexible_substrate were visually aligned wnth mat ching circuit |ines
of 1 ounce (35 Fxamples 42ap%d3 plated with sol deron a 0.040 inches (0.10 cm
thick rigid substrat poxy resin;
More Than Circuits, ?ﬁ%ﬁp}g&z%angﬁaﬁwg%g@ﬁosg g?‘%é@g %ﬁ%@ﬁ% t pressure
by hand to thispeeparedid descritied abavedn Meﬂmdgtdf “Géndrﬂ@re;ﬂhmn oEHes Cusable | ci ent
to permt handli Wi | api nat | The, b ng filmwa red under a
uni f orm pressur éﬁg ‘?é}’“gg'ﬂ% 33?""198\3‘3% P’é’)‘ﬁM ‘ﬂéﬁ‘i‘alﬁﬁ‘ﬁg‘ aﬁlhot bar

t her node bonger piibide! RSM 4000, Toddco General, Inc., San Diego, CA),

equi pped with a ceram c thernode having a 30 foot pri nt of 1.97 by 0.118
inches (50 by 3 nm, for various tinmes and tenperatures. A silicone rubber
strip (SARCON err] 45T, Fujipoly Anerica, -44- WD 97/ 43352

PCT/ US96/ 18311
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Cranford, NJ) was positioned between the test assenbly and the thernode.
Cure tine was neasured once the test assenbly reached the desired
tenperature based on a calibration curve. Calibration was carried out by

pl aci ng a i, | thernocouple (Mdel C 5 02- K, QOrega_Engineering,

St anf or d, ?P)&ag-g{s\%e}en the flexible circuit and the FR- 4 shBUPP%{i®I, pl ace
of the adhesive filmand plotting the actual tenperature versus the tine it
took to reach the setpoint tenperature. The final tenperature exhibited a
fluctuation of +/- 5[err]C fromthe setpoint during the cure cycle. Upon
conpletion of the cure cycle, heat and pressure were renoved by lifting the

t hernode bar and 10 sig+eeRe—tbber strip and the sanples were renoved
fromthe stage and allowezl.gg gqol . After cooling for between 3 to 24 hours
at roomtenperature the bi’)r"l;xie‘cﬁarrpl es were evaluated for their initial
el ectrical resistance. MeaS8yrdngnts were nade at a tenperature of about
72[err]F (22[err]C) and agrel dtijve humdity (R H) 15 between about 40 and
70 percent on the eight Eggﬁgcqinterconnects of each sanple using a
Kei t hl ey Sour ce- Measur e §%°(Rmdel 236; Keithley Instrunments, C evel and,
OH), a Keithley Scanner el{ 405), and LABVIEWerr] data acquistion
software (vol. 3.1, Natjfiopall I[ngtrunments, Austin, Texas). A source voltage
of 20 nmV was used and thegepgi&tence was cal cul ated by dividing the applied
vol tage by 20 the neasUredETr{Fgnt. Duplicate sanples were eval uated, and
t he conbi ned resi stancg—+andge+ef|{ the si xteen total interconnected traces
were recorded. Sanples ﬁef% &LIen placed into an environnmental chanber
(identified below and Eﬁggﬂ?c”to one of three different protocols. 25
Condition 1. 77[err]C 9 —Ht—( Despat ch Model EC 503 envi ronnent a
chanber, Despatch Industﬁi «n |[M{nneapolis, MN) Condition 2: Hold at
-20[err]C for 45 ninutes,g fd=Up to 70[err]C over a period of 45 m nutes,
hold at 70[err] C/ 90% R H=F A9 m nutes, ranp down to
é?%mo
[T o] ]
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-20[err] C over 45 mnutes. Total cycle tine = 3 hours. Repeat 30
continuously. (Despatch Mddel EC 603 environnental chanber) -45- WO
97/ 43352 PCT/ US96/ 18311
Condi tion 3: wipdiaish ¢ 85% RH. (Despat ch Mbdel LEAL 69 envir 11
chanber) Electrical resistance neasurenents were nmade at 7 and/or 14 days
and the results_5 obtained were conpared to the initial resistance val ues
to eval uate el eEx#mpples 44 1n#%r connect stability, for exanple, opens and
changes in resistancfye déhipbGfons of BRaftbIECAT dfd@3 WerStath @pmRrnbSioeen two test
circuits bonded together with the conductive adhesive bonding fil ns
prepared as desuentisky adissive bondingdime betweentwo Rlcagedingtsiag dessfibedabovein abl e

Adhesi ve Bondi n il w~Met had 2" .was r t h_befor.e d after

envi ronment al a&eﬁljfigsé’[ge P grelpﬁx:augn ?ﬁlg%g'i%ﬁ%% "g%glf'?gf’%&f&%‘b rcuits,
Crystal, M) swas prehgad fiheditd bohding THAS dereQidedrot9hluitt e ffobl of ¥hriGgOUL
45[err]C. The FR-4 substrate had a thickness of 0.060 inches (0.15 cn) and

a test circuit pmetemperatire ewegydesnirthedagreedf core@ mepsyeddausingsle gethod

m croneters) th Wole) | .at. ' iMaches (0.20
mm w de and haggsgn%gr?g %‘Pe 1? oﬁg%r%)er s‘%é"é’ﬁ%%%ﬂ%ﬂﬁ%%ﬁ%%%@’g%b%
Sanmpl e strips needollowig mbdifitatibns) Thecsamples Wvefe dippediimadetong tidstday oftbout 0. 12
inches (0.3 cm in wid were cut out of the coated, irradiated adhesive

th
sandwi ch const r Beptansy Mogdel 30 DSCMettlerdnstrumept Corperationy dlighstowna NWas and t he
d 20 dhesgj
o Ponre PP AR S aitak RieSaB RO RE dBEOSEuANIM i efiberailfc i schiel o' "

usi ng |i ght haneapi3@3e50C. Jhemyultsare shown in Tables 10 and 11 respectively.

TABLE 10 DEGREE OF CURE

Cure Cure Degree

Table 9 Temperature Time of Cure
Example | Composition (°C) (seconds) (%)
44a 42 140 8 10
44b 42 140 18 35
44c 42 140 28 59
45a 42 150 8 19
45b 42 150 18 50
45c 42 150 28 73
46a 42 160 8 21
46b 42 160 18 57
46¢c 42 160 28 76
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| ength of the second release liner still on the adhesive filmto bond the
filmto the warnmed rigid FR- 4 substrate. After about 10 seconds, the second
rel ease liner was then renoved. 25 Next, a flexible circuit (3Merr]
Brand Heat nector w thout adhesive, available fro a Mning
and Manuf ac uf%l-"l“\g&%orrpany, St. Paul, MN) conprised of a OTWﬁ@g}(O.OZS
nmm thick pol yethylene terephthalate (PET) fil msubstrate, nmeasuring 1 inch
(2.54 cm by aTaABHEn1DLPEGREE DEcCEGYRE( 0. 64 cn) and havi ng on one surface a
test pattern, was bonded to the exposed surface of the 30 adhesive bonding

film The testfpa gXTDEQreLT T qQUT Tofjad O] UUpggideln
m croneter) tHhick coper 'I‘Jb"l’é:QS bﬁJﬂeYQﬁFe 0. Oﬁﬁwp nc nesoﬁgu’%o nL‘r) w de and

had - 46- V\Q 7/4 32C )_nn af (§¢°HH‘3§) 'mhni/?)ﬂ 2 mT) The

PCT/ US96/ 183111 == - alsts e spaciing

circuitry on tjhe 4Rexilbl e §1§bstrqlte W48 i'n |cont 8ct Wth th adhlesive film
and al i gned wift h47e dircudB patfern1dB thqg ri 18l FRI4 sudbtrate. The
circuit lines [on47ge f|l exi dBe sulpstr 448 werje al28 conhecteﬁuby a buss bar
whi ch ran per qENGGUT T [0 48NE CIT CUoI T NS ang was  at the end

opposite the mtg onrject i Q bet Wween 1§§e rijgid ,ﬂpd flexi b% substrates. The

bondi ng fil va/a red under, a uni form predsure 28 psiz10.19
MegaPascal s) dnd for 48 secdnds ! ingla Sefies ¥t Stlanp Bonder -
(DCl, Inc., A ant49@, HS) ed3i pped wi t180a ndt al Bher mpde h3&ing | footprint
of 1 x 10 0.1 1&gbnches (48.4 x {2 migp forf vari®us {i neses;nd tenperat ures.
A silicone rquer49"¢;tri p (Prgaduct [No. 188G 0607, 24 nnegota }$ni ng| and

Manuf act uri ng Company, St —Pauf—,— M\~ wasposi tTonedbetweerm t1e t est
assenbly and the thernode. -

The results in Table 11 show that a degree of polyepoxide cure of between
50 and 76 perceﬁt can be achieved in a time of between 18 and 28 seconds at a
temperature between 140 and 160°C. Examples 44a, 44b, 45a, 46a, 47a, 47b, 48a,
5 and 49a were cured under conditions which provided a degree of cure of less than
50 percent.
Examples 50 - 58
The adhesive bonding films made from the compositions of Examples 42
and 43 were used to prepare electrical interconnect test samples which were cured
10 at various times/temperatures and then evaluated in terms of electrical resistance
characteristics both before and after exposure to environmental conditions as
described above in Method 2 of “Electrical Resistance." The cure conditions and

resistance values obtained are shown in Tables 12 and 13 respectively.
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Tenperature calibration, cure tine, sanple cooling, and testing were
conducted as descri bed above in Method | of "Electrical Resistance", except
the nunber of 15 <circuit lines evaluated on each sanple was 15 giving a
conbi ned t ot g, ?{ ._%q Sanpl es were then placed into an envigemiReisit
chanber (identi bel ow) and exposed to one of two different protocols.
Condition 4. Hold at -40[err]C for 60 mnutes, ranp up to 85[err]C over a
period of 30 20 m nut es, hold at 85[err]C for 60 m nutes,
ranp down to -40[err]C over 30 mnutes. Total cycle time = 3 hours. Repeat
continuously. (Despatch Mddel 16307 environnental chanber) Condition 5:

60[err] ¢/ 95% R H. (Pespateh—Modet—tEA—65—efvi+orental-rehanbgr) 25
El ectrical resistance was eval at ed, uking al4 mnre nmeasur ement{ net hod, made
after specified ti t@rﬁj,\the'j@tﬂt‘é bvt_aﬂi) vg go‘margd,to the initial
resistance val ues tf€ deefithe: B et [Fah o {F of corilertNgBaBi Bilty. 30
GLOSSARY AGEFLEX| erfd I EOR o & Qg PO M é:{btﬁrgl)&i ‘aog)dna&e,.(CPS &heni cal
Co., Ad -47- \ E@@Zaﬁsdﬁédigdgpavo
PCT/US96/ 18311 Bridge< ) AGEFIEX[eri] PEA] ~ v PFenoﬁ@ethyl
acrylate (CPS Chemifal Col, ddjBridgé, NJ)|ANCAM:NE[ erri] 2334S &
Modi fied aliphatic pmme{AT oductsand %
Chem cals, Inc., Pacifi(’gAnchor Chem £&al , - 8
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All ent own, PA) Au/ N Ni ckel spheres coated with 4%
gold, nom nal particle size = 10-20 mcroneters (custom ordered) (Novanet,

Inc., Wkoff, NJ) 10 BOSTICK[err] 7900 Anor phous, |inear
saturated cQpo er (Bostik, Mddleton, MA) CAB-O SIL[err] M
Fumed sili cgpctg‘g%% Cor porationTuscola, IL) CG 1700 PCTUSI6/18311

Liquid free radical photoinitiator blend of bis(2,6-dinethoxybenzoyl)- 15
2,4, 4-trinethyl pentyl phosphi ne oxi de and 2-
hydr oxy- 2- met hyl - 1- phenyl - 2- propanone (Cl BA- GEI GY, Tarrytown, NY) CN

104 err] Li qui d bi sphenol A diacryl ate ol i goner
(Sartonmer Conpany, Exton, PA) 20 CONDUCT-O-FlL[err] Silver
coated solid gl ass sg’heres’;‘. partitle size S 3000-S-3M = 43 +/-
4 mcroneters, range |5 2060 M((:\rpnevge.\rzz(ogofgfg (Potters Industries Inc.,
Par si ppany, NJ) CONDUGTIOSHE [eryjs 4 =8 = 3 Silver coated solid gl ass
ppany mg I i 9
spheres, particle sizg %€ & 3 & S5BEE T IM =34 +/- 4
m cronmeters, range = @ogg ' bt of & [BB)s (Potters Industries Inc.,
Par si ppany, NJ) EBECRHYL[® - Low vi scosity aliphatic
uret hane di acryl ate o+ ; -5680+JcB—Radcure 30
I nc., Snyrna, GA) EBECRYIT,[eg,l 0b - Partially acryl ated
bi sphenol A epoxy re5|g1;“:-.84 noigg @ Eom
S8l 97583 3
8 = 2 gh i~ o P 3
2o olg 283873
& R =im22if oo
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WO 97/ 43352 | PCT/ US96/ 18311
MWV = 450 (UCB Radcure Inc., Snyrna, GA) EBECRYL[err] 8804
Crystalline sem -solid aliphatic urethane diacrylate oligomer, MN= 1400

(UCB Radcure wBgysszsvma, GA) 5 EPON[err] 164 PCT/US96n8310! 1 d
mul tifunctional novol ac epoxy resin, epoxy equival ent weight = 200-240

Shel | Chem cal Co., Houston Li quid
E)l sphenol A epoxy regpﬁmgﬁd%ga@ﬁ%}?v%o}elﬁﬁh%ﬂﬁh?“ acceppable electyiegl o) | Che(r:ln' cal

10 connection was ihade in all exahfbles Wﬂll'tsthé’&ne IBletEP % fogld RéHded

Li qui d bi sphenol A epoxy resin, epoxy equival ent wel ght 192 (Shell
Chemi cal Co., HgnestenthanBX%p pEthmIdélrﬁ of pi)lyﬁ%lzudé@ﬁﬁ/bascd on the results shown in

Met h | at e- but / shel |
bar 11 5 ( Rohm dAmera ek’ Ther oontrering tmaipgd acespishlp eyeppler 671 hours (4

(3- gl yci doxypr ORydeks)of BEpoS\HE 10/ éhiviratiferitdlRbABoriRlE Bxaipies 3641305,394,%3a, | NC.
Bristol, PA) 20 LUCIRIN err] TPO

2,4,6-trimet hyl tﬁémzﬂbliﬂapﬁ@ apiﬁi’spm e vexe eised ynder eanditions whikbpovided i at or

(BASF Cor por at i KHP 00 Phenoxy
resin, nolecul a?a ﬁ %ﬁﬁ Opmcgt

It will be apparent to those skilled in the art that various modifications and
variations can be made in the method and article of the present invention without
10 departing from the spirit or scope of the invention. Thus, it is intended that the
present invention covers the modifications and variations of this invention

provided they come within the scope of the appended claims and their equivalents.
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average) = 50, 000-60, 000, average particle 25

si ze: about 200 m croneters (Phenoxy Associates  Rock Hll, SC In the
anounts are given in granms unless noted

Chown 1 n Ta @B D ot cq - %ﬂﬂlllﬁlllﬂllﬂﬂllllﬂiﬂl"g 1 RO

exanpl es descri bed bel ow al |

PCT/ US96/ 18311 as described above in* Mfthdd ' of "General Preparati on of

Heat - Cur abl e AMWiesiswhiedisosi ti ons. " For Exanple 27, core-shell type
particles were bl ended, one spatul a-size portion at a tinme, into the
sol ution using the above-nentioned disk inpeller.

This step took place

after allow ng the $o0l ut AQéredridpririsble aaefxwwr@osﬁnsmﬁaakwsmh@hmieﬂ&g t he
addi tion of the thernoplastic. An opaque di spersion resulted.

97/ 43352

PCT/ US96/ 181;11 [errl

10

15

20

25

30

a substrate at room temperature comprising the following components:
a) 25 to 100 parts by weight of at least one alkyl acrylate monomer;

(b)  0to 75 parts by weight of at least one reinforcing comonomer;

{c) from 25 to 150 parts heat-curable polyepoxide resin per 100 parts
acrylate monomers; and

(d) an effective amount of a heat-activatable polyepoxide resin curing
agent,

wherein said composition and components are substantially solvent free
and said composition has a yield point of greater than 3 Pascals and a viscosity of
less than 6000 centipoise at 25°C.

2. The screen-printable adhesive composition of claim 1 further
comprising from 1 to 20 parts by volume of the adhesive composition of an
clectrically conductive material,

3. The screen-printable adhesive composition of claim 1 further
comprising from 1 to 80 parts by volume of the adhesive composition of an
electrically conductive material.

4. The screen-printable adhesive composition of claim 1 further
comprising a thermally conductive material.

5. The screen-printable adhesive composition of claim 1 wherein said
composition further comprises an effective amount of a thixotropic agent.

6. The screen-printable adhesive composition of claim 5 wherein said
thixotropic agent is silica.

7. The screen-printable adhesive composition of claim 1 wherein said
alkyl acrylate is an unsaturated monofunctional (meth)acrylic acid ester of a non-
tertiary alcohol having from 4 to 18 carbon atoms in the alkyl moiety.

8. The screen-printable adhesive composition of claim 1 wherein said
reinforcing monomer has a homopolymer glass transition temperature of greater

than 25°C.
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Exanpl es 30 - 35 The conposition of Exanple 27 was converted to a tacky
adhesi ve bonding filmas descri bed above in "General Preparation of
Heat - Cur abl e wgn@gssse Bonding Filnms - Method 1" with the fopdudesiessit
exceptions. A 9 inch (15.2 cm) 5 wde knife-over-bed coating station
havi ng dans positioned to_provide a 6 inch w de _coating atrea was used,
pol yet hyl ene cl ad pager sﬁ’é’e%lpf‘WRﬁ‘é‘EB”E}fmd’fﬁ'ggE] "&’E’f‘?&tﬁf% 9

m croneters) wa xméer@ls 28 shibGedirbif 6 FrobPanSistin Aolic pelyegdxeie Was
carried out in §’°§i?§uro en l urs ed at rmsphéere usi n1 gg_p{}iwll ?;]de

fl ouroescent | angsins, ik mlmab'equﬁe'mm@lmhﬂt"!P@onﬁﬁ?wlmrhamm 300 and

400 nmwith a 1 X m at..351. n i_nt.ensi.t cr‘r{err]
was mai nt ai ned g’bslpﬁm Lﬁ!ﬁl’sé‘d’i ?sﬁlﬁ‘(}]é’vala? 8?2 oggiséesbqs afgéé‘ Ah?ﬁre Thi s
adhesi ve bondi ng fi | m.WasThisRfteh-Priftable daihpositid ofcfaii i wileretidthe OUS
time/tenmperature cure cycles on the degree of cure as nmeasured using the

met hod descr i bedolyBesxide]rpsin Bﬁg»géecrﬁﬁs mﬂl‘ébl‘f ythepdhegiveeampesitiop aithi ng

Calorinmetry)." r e shown in Table 6. TABLE 6 DEGREE OF CURE
Cure T%e&ureo@h able 5 Tenperature Ti me of
Cure Exanpl e Corrpos L. On’I‘he scteerpriptable compositionadicliim 1 wherei{ 8 30a

27 90 . .60 | . 44 30b . 27 90

90 5o Pelyepoxide resin guring agent is a modifigd amine curing aggnt. 56 31b

217 10120 12, Tﬁ@screen—printable%ﬂhe%i]v@ composition of €laim 2 wherein said®?0

90 84 32a 27 130 10 40 32b

27 13@lectrically condmgdive material is selgged from nickel, silver, copper, or gold

particles.
13.  The screen-printable adhesive composition of claim 2 wherein said
electrically conductive material is nickel, silver, copper or gold coated particles.
15 14.  The screen-printable adhesive composition of claim 1 wherein said
alkyl acrylate is isooctyl acrylate and said reinforcing comonomer is isobornyl
acrylate.
15.  The screen-printable adhesive composition of claim 1 wherein said
composition further comprises a crosslinking agent having an acrylate moiety.
20 16. A screen-printable adhesive composition capable of being applied to
- a substrate at room temperature comprising the following components:
(@) 25 to 100 parts by weight of at least one alkyl acrylate monomer;
(b) 0 to 75 parts by weight of at least one reinforcing comonomer; and
()  aneffective amount of a core-shell polymer or a semi-crystalline
25  polymer to provide a screen-printable composition,
wherein said composition and components are substantially solvent free
and said composition has a yield point of greater than 3 Pascals and a viscosity of
less than 6000 centipoise at 25°C.
17.  The screen-printable adhesive composition of claim 15 further
30  comprising from 1 to 20 parts by volume of the adhesive composition of an

electrically conductive material.
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PCT/ US96/ 18311 The 18esulThe s¢reeriprintablecadhnsive ¢ompositionjefgleim b fughere of bet ween
50 and 100 per . i . i me of between 15 and 130 seconds
at a tenperat u%o%%g@%éﬁ%%ﬁﬂé@‘é%fg}aﬁ . Exanpl es 30a and 32a were cured
under conditions wi9ch The pereen-stittable abthgsieeconiposition opdlaieEswhedeéin sdid

percent. Exanples 36 - 40 The conpositjons qof Exanples 27-29 were each
converted to ol @Rsylateis an PRsatus H@qutlﬁpﬁéﬁfémwc'ﬁﬁ%%fé oMhers as

descri bed a.povtgnjag, a"lgﬁﬁﬁiaggng@;&g??@]g %bd?fat&‘ﬁ?ﬁft%élﬁ)&ngorireé?h%i ve Bondi ng

Filmse - Method 1"," w no I catl ons nmade e 27 as noted
above in Exanpl es 30 35.Th¥ karsen-prititabde adhesioschinnepsitioh ofcluier 5 whareinsad pr epar e
el ectrical interconnect test saqﬁl es Wwhi ct] wer e .cured at vartj ous

I

ti mes/ t enper at FPEYCIE MOPAMEF has 2omopolViner glass fransiionterperpture of erealer st ance

characteristi cgappdc, before and after exposure to environnental conditions
as described above in Method | of "Electrical Resistance." The cure 15
condi ti ons and resi3t andéevercaeprinsahieadhesi veicamposition of ¢laim bl wherein said

10  electrically conductive material is selected from nickel, silver, copper, or gold
particles.

22.  The screen-printable adhesive composition of claim 17 wherein said
electrically conductive material is selected from nickel, silver, copper, or gold
coated particles.

15 23.  The screen-printable adhesive composition of claim 16 wherein the
core-shell polymer is a methacrylate/butadiene/styrene core-shell polymer.

24.  The screen-printable adhesive composition of claim 16 wherein the
semi-crystalline polymer is selected from the group consisting of ethylene/ethyl
acrylate/glycidyl methacrylate terpolymers, ethylene/butyl acrylate/glycidyl

20 methacrylate terpolymers, ethylene/ethyl acrylate/carbon monoxide terpolymers,
and mixtures thereof.

25.  Anadhesive coated article comprising:

(a)  asubstrate; and attached thereto,
(b) alayer of the screen-printable adhesive composition of claim
25 1 wherein said acrylate moﬁomer(s) are polymerized.

26. A method of providing an electrical interconnection comprising the

steps of’
a) applying 2 heat-curable electrically conductive adhesive film
to an electrically conductive substrate, said adhesive film comprising an acrylate
30 polymer, a polyepoxide resin, an effective amount of a heat-activatable modified
aliphatic amine polyepoxide resin curing agent, said amine curing agent being
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PCT/ US96/ 18311 [err] WD 97/ 43352 7““‘“““ \Il ““! “M: |
PCT/ US96/ 18311 The results in Table 7k eptabl e el ectrical
connecti on wagy hn al |l exanples where the cure conditio d

provi ded greater than a 50 percent degree of pol yepoxide cure based on the
results shown in Tabhle 6. These connec&oi ons, renmni ned acce(gi ab&gf. that is,
the resistance dpeplyigingridadhesiyediln at 2070, and gy gifectivpamanpt Jansiestrigally s (o
weeks) of  exposUle ldve ieHAalN SBd A 1ate PBHinlet Sdthitihingfk ol Beriafian RastioR 72 wer e
cured under conditions which provided a degree of cure of |ess than 50
percent. Exanpl eprdducpotbondi ng fil m nade fromthe conposition of Exanple 27
was aged at 10 anbient conditions forr}g'% nont hs and eval uated periodically
during this tinme as described 3bove® YRR MOBUPER ARG (4 "Shelf Life" to
determ ne how | ong the adhesi vgy bongérpgilihkihgugent RiviithnaeH i Mbiey, handl i ng
and pol yepoxi de cure characteristics in the uncured state, as well as its
el ectrical propewhdres sqid cempositionagd sempenenty i and(i) presubgtantiathsglvenhireeap| e 8.

- 90 and

b) | curing said polyepoxide resin in said adhesive film by
heating said adhesive film to a temperature of between 90 to 180°C for from 15

10  seconds to 5 minutes.

27.  The method of claim 26 wherein the polyepoxide resin component
of the adhesive film has a degree of cure of at least 50 percent as determined by
differential scanning calorimetry.

28.  The method of claim 26 further comprising the step of positioning a

15  second substrate on the heat-curable electrically conductive adhesive film prior to
curing said polyepoxide resin.

29.  The method of claim 26 wherein the polyepoxide résin curing agent
is insoluble in the adhesive matrix at a temperature of about 20°C.

30.  The method of claim 26 wherein the polyepoxide resin curing agent

20 is areaction product of a novolac polyepoxide resin and a di-primary aliphatic
amine.

31.  The method of claim 26 wherein the polyepoxide resin in the
adhesive film is cured at a temperature of between 110 and 160°C for from 15
seconds to up to 3 minutes.

25 32.  The method of claim 26 wherein the polyepoxide resin in the
adhesive film is cured at a temperature of between 120 and 150°C for from 15
seconds to 90 seconds.

33.  The method of claim 26 wherein the heat-curable electrically
conductive adhesive film further comprises a thermoplastic polymer or a core-shell

30  impact modifier.
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PCT/ US96/ 18311 The results in Table 8ﬂﬁmm“mllﬂ‘|ug‘j“£r ed adhesi ve bondi ng
filmmade fr onposi tion of Exanp# gc€dx accep i ng
and pol yepoxi eb‘gﬁ?% characteristics for up tLo 16 nont hs un@%ﬂﬁ%«gﬂt
storage conditions. In addition such a filmretained its ability to provide
stabl e el ectrical i n¥ercothsduathesind clagm 26 fiathen eqmoprising\the stemefiapplyinggi ng, when
cured. Exanples 3 g;g)fl- S . 43 having the conpositions shown
in Table 9 wereplgergsélgf'r:}(raéﬁl %‘1@5 esé@%‘é@ggg%\? “in Method 2 of "GCeneral
Preparation of Heat -¥ur abThe rlieiof\ctait3@8 dirtigr Edrhprisingake aes oftdpplyigxanpl e 43

(R ——

did not contain core/shell 10 particles. -57- VO 97/ 43352
PCT/ US96/ 18311 Pw&ssHfe to ‘h%@hw/%gmg heating. |
PCT/ US96/ 1834 1 36. The method of claim 26 wherein the polyepoxide resin:acrylate

monomer weight ratio is from 30:70 to 70:30, the crosslinking agent: acrylate

monomer weight ratio is from 20:80 to 0.1:99.9, the polyepoxide resin curing

agent:polyepoxide resin weight ratio is from 30:100 to 60:100 and the electrically

conductive material is present in an amount of from 1 to 80 percent by volume of
10 the adhesive composition.

37.  The method of claim 26 wherein the electrically conductive material
is present in an amount of from 1 to 20 percent by volume of the adhesive
composition.

38.  The method of claim 26 wherein the polyepoxide resin is selected

15  from the group consisting of novolac polyepoxide resins, diglycidyl ethers of
bisphenol A, and mixtures thereof.

39.  The method of claim 26 wherein the acrylate monomer is
phenoxyethylacrylate, isobomyl acrylate, or a mixture thereof

40.  The method of claim 26 wherein the crosslinking agent is selected

20 from the group consisting of urethane diacrylate oligomers and epoxy diacrylate
oligomers.

41.  The method of claim 26 wherein the adhesive film further
comprises a thermally conductive material.

42. A method of providing a medium for heat transfer comprising the

25  stepsof:

a) applying a heat-curable thermally conductive adhesive film
to a substrate, said adhesive film comprising an acrylate polymer, a polyepoxide
resin, an effective amount of a modified aliphatic amine polyepoxide resin curing
agent, said amine curing agent being insoluble in said adhesive film at 20°C, and

30  an effective amount of a thermally conductive material, said acrylate polymer

comprising the polymerization reaction product of:

T



Exanpl es 44 - 49 The conpositions of Exanples 42 and 43 were each converted
to a nontacky adhesive bonding filns between two release liners as

descri bed above in Method 2 of "General Preparation of Heat-Curable

Adhesi ve Bondinfsizidsp®- " 5 These adhesi ve bondi ng figciyse@issrused
to evaluate the eftect of various tinme/tenperature cure cycles on the
degree of cure as neasured using the nethod described above in "Degree of
Cure (by Differential Scanni ngiCal oft #fEilaty mongmemandie f ol | owi ng

nodi fications. The sanpl es werg,dip J1s01s N ane; a
Model 30 DSC (Mettler Instrurreﬁ% @?%%?%%‘gg?éﬂpg%%@%%@%%’lo used to
anal yze t he sanpivkeeihgaiddempesitionfand companedtsi(i) end @iypersabstartialiysejeent fremyned
was -30 to 250[err]C. The results are shown in Tables 10 and 11
respectively. TABIE 10 DEGREE OF CURE Cure Cure Degree Tabl e

9 Tenper at gre Ti me . ) b0 ([err] O
(seconds) ° " (o 448 ¥ curi}f sald ol hePleSin if P RSV Ofllm by -

44b 42 heating said adhggjve film to a temperature of between 9B® WBHRC for from 15 42
140 28 dsto 5 mi u§9 45a 42 150 8
19 45b 4Feonds 1o o mintigss 18 50 45c 42
150 28 43.  Thé3neld of claim 42 whekrein the polyepoxill fesin component 8
21 46b 42 ) 160 18 57 46¢ 42
160 2 gof the adhesive filpghasmglegree of cure of at least 50 percent as determined by

10  differential scanning calorimetry.

44.  The method of claim 42 further comprising the step of positioning a
second substrate on the heat-curable thermally conductive adhesive film prior to
curing said polyepoxide resin.

45.  The method of claim 42 wherein the polyepoxide resin curing agent

15  isinsoluble in the adhesive matrix at a temperature of about 20°C.

46.  The method of claim 42 wherein the polyepoxide resin curing agent
is a reaction product of a novolac polyepoxide resin and a di-primary aliphatic
amine.

47.  The method of claim 42 wherein the polyepoxide resin in the

20  adhesive film is cured at a temperature of between 110 and 160°C for from 15
seconds to up to 3 minutes.

48.  The method of claim 42 wherein the polyepoxide resin in the
adhesive film is cured at a temperature of between 120 and 150°C for from 15
seconds to 90 seconds.

25 49.  The method of claim 42 wherein the heat-curable thermally
conductive adhesive film further comprises a thermoplastic polymer or a core-shell
impact modifier.

50.  The method of claim 42 further comprising the step of applying
sufficient pressure to the adhesive film during heating.

30 51, The method of claim 42 wherein the polyepoxide resin:acrylate

monomer weight ratio is from 30:70 to 70:30, the crosslinking agent: acrylate
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TABLE 11 DEGREE OF CURE Cure Cure cee Table 9

Tenper at ure Ti me of Cur e M“M m | on (O

(seconds) % 47a 13
47b w9 onatss] 140 24 47¢ rct /US96/18314

140 28 54 48a 150 8

22 48b rdéhomer weight ratid s@rom 20:80 to 0.1 .939, the polyepoxide ZesitBauring 43

1 L2 4 4 1

320 49b 8qggnt: polyepoxide ?e%i@oggght ratio is frng;O'IOO to 60:100, 88‘? thg thermally 8 43
160 2&onductive matenal7§81€ t foSh'iniotint JF floRP5 & Solperdeatby vilimé&ordegr ee of
pol yepoxi de cure of between 50 and 76 percent can be achieved in a tine of

bet ween 18 and th@a@e%mlmmsltlanterrper ature between 140 and 160[err]C.
Exanpl es 44

condi tions \%hl gﬁbpr §§1 deig%“‘aé‘a&%é %ﬁwﬁérw t?ee%oéy‘l‘?ﬂ’&ﬁe %Igmgﬁ?cegeéﬁg nder

Exanpl es 50 - Hfond the geslipedhsisting @f dbvidaci olyEhoxibeiRsihs, diplydidyl eteR@si t i ons of
Exanpl es 42 and 43 were used to prepare electrical interconnect test

sanpl es whi ch viitphenol Ao andimixiures;hereplis -t i mes/ t enperatures and then
evaluated in terns (35 el ?ﬁéﬂ%&pho{va aﬂ,ﬁg,em@g (f?; Eh@hbxgénpmh bef ore and
a e

after exposure to environnen con I ons as ove in Method 2
of "Electrical ﬂaemnqemmlaaylhte'mebmylmcmmdlot aaisturertheresfsi st ance val ues

obtained ar o ° hown | 54, TaR‘Le met od oF ((:jl 45 wh el%tt e grl)gglinking agent is selected
from the group consisting of urethane diacrylate oligomers and epoxy diacrylate
oligomers. |
55.  Anelectrically conductive adhesive transfer tape comprising:
(a) a substrate; and attached thereto,

15 (b)  a heat-curable adhesive film comprising an acrylate
polymer, a polyepoxide resin, an effective amount of a heat-activatable modified
aliphatic amine polyepoxide resin curing agent, said amine curing agent being
insoluble in said adhesive film at 20°C, and an effective amount of an electrically
conductive material, said acrylate polymer comprising the polymerization reaction

20 product of:

i) an acrylate monomer; and
it) a crosslinking agent having an acrylate moiety,
wherein said composition and components (i) and (ii) are substantially solvent free,
said polyepoxide resin in said adhesive film being curable by heating said

25  adhesive film to a temperature of between 90 to 180°C for from 15 seconds to 5

minutes.
56. A thermally conductive adhesive tape comprising:
(a) a substrate; and attached thereto,
(b)  aheat-curable adhesive film comprising an acrylate

30  polymer, a polyepoxide resin, an effective amount of a modified aliphatic amine
polyepoxide resin curing agent, said amine curing agent being iqsoluble in said
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PCT/ US96/ 18311 [err] WD 97/ 43352 “‘“:“‘mml“\m ,

PCT/ US96/ 18311, Jhaeigsul ts in Tables 1H“¥“H et an pEHEREARE
el ectrical connection was nmade in all exanpl és W#hefe the cure’conditions

enpl oyed provi ded greater thoan a 50 percent degree of pol yepoxide cure
based on the resadhesivesHmat 207, mabaneffectiveamount of athernally sapdictyematesdngi ned

accept abl e even fol? n,(p%é tﬂ%ﬁ:’fﬁ% ohii ol &Jpvi ronnent al
condi ti oni ng. Ex%%{pﬂ%@slgéé(gpﬂg%‘% 55a,g 57a, e’ga, lggb, %ﬁgr&g%a 55a, 55D,
and 57a were cured under condif)i onsandenydite prooomeleandy degree of cure of | ess
than 50 percent. It will be a_pgarent to those skjlled in the art that

various nodifications and vari 3 i ond3<essinkiae agpt having anecHlat BNy article

of the presend iQNG&hisAA cHthpRRidh ah8 coflfdithisi#)dnd (i) el iBstaMally Solént BeQpe of
the invention. Thus, it is intended that the presént invention covers the

modi fi cations and varsaigtriolyepoxide tesin én $aid adbesivfiln beiigieabihey heatingsaid t hi n
the scope of t heaﬂgg\?en 1 xendtocélteaﬂlprgsrat%l%%f Hleln SO 1‘&61’6’ ?otr%‘om 15 seconds to 5

minutes.

57. A method of providing electromagnetic interference shielding
10  comprising the steps of:

(a) applying a heat-curable electrically conductive adhesive film
to a substrate, said adhesive film comprising an acrylate polymer, a polyepoxide
resin, an effective amount of a heat-activatable modified aliphatic amine
polyepoxide resin curing agent, said amine curing agent being insoluble in said

15 adhesive film at 20°C, and an effective amount of an electrically conductive
material, said acrylate polymer comprising the polymerization reaction product of:
i) an acrylate monomer; and
it) a crosslinking agent having an acrylate moiety,
wherein said composition and components (i) and (ii) are substantially solvent free;
20 and

(b)  curing said polyepoxide resin in said adhesive film by

heating said adhesive film to a temperature of between 90 to 180°C for from 15

seconds to 5 minutes.
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TI83- <. REPLACEMENT: SHEET 64 Wrat is claimed is: 1. A net hod of
providing an el ectrical interconnection conprising the steBEPACEMENT SHEET
a) appl ying a heat-curable el ectrifdal ly condae—t—l—ve—adhesue_f_u m to an
el ectrically conductive substrate, said adhesiv m co risin

acryl ate pol wygdt.is laip@ddigpoxi de resin, an effecD ‘i "cj

heat - activatabl e nodified aliphatic am ne pol ye ng agent,
said am ne curing agent being insol uble | n said adhe5| Ve fl Fm at 20[err] C,
and an effective gnount | ect. ki sai d
acryl ate pol yner ?orrpr |A5|S}Ir$g?qrah3pg ‘?}Hé? ﬂjf%a] 'P{;e?c(g‘%g'tﬁﬁoﬁ'r%’ Cesf.{&%e

an acryl ate reapeser, and ii) a crosslinking agent having an acryl ate

nmoi ety, wherein said conposition and conponents (i? and (ji) are
substanti al |y sol vent f&ee; applying @h@pt-@yrable alentiicallysondugivepdhesiveddint esi n

ot woen 00 1 0 HH1iERY PRk AEh bR e TGRS S bl TcbfipRuhgRaEAtatE © ©)

The net hod ozrdtymm polyBsaideresincanefectine dindant ¢ livat-dtivaabkonodified a
reaction product of a novol ac pol yepoxide resin and a di-primary aliphatic

anine. 3. aliphatigamisg pakyeewadweﬂwns agentnRihpile SHENRBRRMBLINE
insoluble in said adhesive film at 20°C, and an effective amount of an electrically

10  conductive material, said acrylate polymer comprising the polymerization reaction
product of:
i) an acrylate monomer; and
ii)  acrosslinking agent having an acrylate moiety,
wherein said composiﬁon and components (i) and (ii) are substantially solvent free;
15 and
b) curing said polyepoxide resin in said adhesive film by
heating said adhesive film to a temperature of between 90 to 180°C for from 15

seconds to 5 minutes.

20 2. The method of claim 1 wherein the polyepoxide resin curing agent .
is a reaction product of a novolac polyepoxide resin and a di-primary aliphatic

amine.

3. The method of claim | wherein the acrylate monomer is

25  phenoxyethylacrylate, isobornyl acrylate, or a mixture thereof.

4. The method of claim | wherein the crosslinking agent is selected
from the group consisting of urethane diacrylate oligomers and epoxy diacrylate
oligomers.

30
5. A method of providing a medium for heat transfer comprising the

steps of:
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'-';-,25 .. phenox sobornyl acrylate, or a mxture r

The net hod mmwam m@gﬂw)n t he crossl i nking agent is sel Bgﬁg\lﬁﬁf@m@
group consistiny c1 r di acryl e oligomers and epoxy diacrylate .
oligoners. 30 5. A met hod of providing a nediumfor heat transfer

conprising the steps 04 Y Pi”r’%@oghe%{%pﬁ{bl%. gnﬁacm,e%?@ga BliResiieiip! |y

conductive adhesive fi | I'm'Conpri'sing an

acryl ate pol worayubsteate Saideidaesieefiine Somprising afimlhtev;ml)aﬁwarpoty‘ep@ndmdl fied

al i phatic amne polé%ﬁ)om de resin curing agent, said amne curing agent

bei ng i nsol uissid, Ahetiagtive amauat ofa medifiedalipha}ie anrjie polygpoxide regin gyringct i ve

O 2, SAAGL ! A ORI dokh WSk tliote Sk ot B! AHOE anfOTPY | 1 10
neproduct B!

t he pol yneri zatron-reactio none and ii)

a crossl inki agefieptive ahﬂumrtﬁ‘aahemllylcah@ctme ata)ernah/rsendemcrylaalpdlymwrrpOSI tion
and conponents ( gl are substantlally solvent free; 10 and b)
curing said EfHT‘EFé‘})bMH hge Yé‘lqrﬁa‘i‘?f‘ CACUPNPRAINS OE i | m by heating said
adhesive filmto a tenperatyre of, he Mfée,ﬂ hdrOan 0l err] C for from 15
'seconds to 5 minutes. 15 1 b y e et hod of claim 17 wherein the

pol yepoxi de resin curing ageht i scmssled:mg agenphaying:an asfylatermoielyac

ol yepoxide resin and a di- r C_ Al ne. .
potyep ?lerem sal composit on and c\émpong “anda(% are substantially solvent free;

10 and

-

. b) curing said polyepoxide resin in said adhesive film by
heating said adhesive film to a temperature of between 90 to 180°C for from 15

seconds to 5 minutes.

15 6. The method of claim 17 wherein the polyepoxide resin curing agent
is a reaction product of a novolac polyepoxide resin and a di-primary aliphatic

amine.

7. The method of claim 5 wherein the acrylate monomer is

20  phenoxyethylacrylate, isobornyl acrylate, or a mixture thereof.

8. An electrically conductive adhesive transfer tape comprising:
(a)  asubstrate; and attached thereto,
(b)  aheat-curable adhesive film comprising an acrylate
25  polymer, a polyepoxide resin, an effective amount of a heat-activatable modified
aliphatic amine polyepoxide resin curing agent, said amine curing agent being
insoluble in said adhesive film at 20°C, and an effective amount of an electrically
conductive material, said acrylate polymer comprising the polymerization reaction
product of’
30 | i) an acrylate monomer; and
ii) a crosslinking agent having an acrylate moiety,

wherein said composition and components (i) and (ii) are substantially solvent free,
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ey

Jd. . .The’ met hod of claim5 Bﬂ? Ie|n the acryl ate nononer is 20

grggﬁﬁyggml;ag[)wmml\M‘m acryl ate, or a mxture thereﬁEPlAGEMENLﬁHEET'

e, “tr a®éf er tape conprising: (a) a
substrate; and dtthched thereto, “(b) a heat curabl e adhesive film

conprising an acryl ate, 25 pol ner de resi effective
amount of a heat - aﬁéam%ﬂge HF ’&ﬁ’ ﬁ%? F'Elbﬁ‘r'i’ﬂr?éragygq ?/%E‘?ﬁ'l"&éa‘ﬂem n
curing agent gdiaive mmta%tsme raﬂ.r@mw%l ol urs%thf?omns Jﬁd@ﬁh?w ve film
at 20[err]C, and an effective anmobunt of an electrically conductive

mat eri al , saiminates.yl ate pol ymer conprising the polymerization reaction
product of 30 1) an acrylate nononer; and ii) a
crosslinki ng agent - haV|ng an acrylate noiety, wherein said conposition and

conponents (i) and (ii)p ﬁkﬁmﬁwﬂﬁ@ti\@'ahﬁesﬁ@ tY%ﬁﬁFerftiﬁeoompng sai d
pol yepoxi de resin in said adhesive filmbeing curabl'e by heagl ng said

adhesive filmto a temi®rat arsubsifate)endatbachedtheceta, 80[err] C for from 15

seconds to 5 m nutes. conducti ve adhesive

transfer tape conprisi i‘é) (3‘)heat"§"§lﬂf)§@}°§‘[v8 (it CMFygﬁ@&cfﬁ%@et o, (b) a

heat - curabl e Pa@lnw & polyyépgoxideqesin, 4nl eftctive ﬂﬁét)ﬂt afe nﬁﬁllﬂéﬂi‘ihph@tl@%ﬁﬁpox' de

resin, an effective anmount of a modified ali phatic am ne g&l epOXI de resin
)|

curing agent Polygpexide esin quiing sgentgsairt alb@len:grmmgﬁmbelegmo im®id adhesi ve
0 2 0Lty 0RE) b oo AFUHBL KGRI o
product of: said acrylate polymer comprising the polymerization reaction product of’
i) an acrylate monomer, and
ii) a crosslinking agent having an acrylate moiety,
wherein said composition and components (i) and (ii) are substantially solvent free,
15 said polyepoxide resin in said adhesive film being curable by heating said
adhesive film to a temperature of between 90 to 180°C: fn_r from 15 seconds to §

minutes.

10. A method of providing electromagnetic interference shielding
20  comprising the steps of:

(a)  applying a heat-curable electrically conductive adhesive film
to a substrate, said adhesive film comprising an acrylate polymer, a polyepoxide
resin, an effective amount of a heat-activatable modifted aliphatic amine
polyepoxide resin curing agent, said amine curing agent being insoluble in said

25  adhesive film at 20°C, and an effective amount of an electrically conductive
material, said acrylate polymer comprising the polymerization reaction product of:
)] | an acrylate monomer; and
i) a crosslinking agent having an acrylate moiety,

wherein said composition and components (i) and (ii) are substantially solvent free;
30 and '
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J) .. an acrylate noNnoner ; and|| a crosslinking agentﬂﬂ%ﬂﬁﬂp H
“acryl ate noi ﬁm““ﬂﬂﬂ““m:ﬂﬁu corrp05| tion and conponents (i) and %I |§ ggt
substanti al | 5 67 said pol yepoxide resin in said
adhesi ve f|In1befng cdrabl e by heating said adhesive filmto a tenperature
of between 90 to 180] ]C for conds. to 5 [ nut 10. A
met hod of providing eléit rcﬁ\‘ﬁ'@ﬁé‘!‘ﬁ@“bﬁ?@f“g @ Fesiicta sgﬂlﬁgﬂ]ﬁ‘\‘fb?;’bb conpri sing
the steps Offeafify said Nb'l'ﬂ’m%lﬁ‘%ﬁh eghm?é)&ffbeﬁb&@;tqd (63aBLIC ERFHR Y5 Ve
adhesive filmto a substrate, said adhesive filmconprising an acryl ate
pol ymer, a meetomisdxSdmnutesi n, an effective ambunt of a heat-activatable
nodi fi ed aliphatic am ne pol yepoxi de resin curing agent, said am ne curing
agent being insoluble in said 25 adhesive filmat 20[err]C, and an
effectivg anount of all electrically conductive material, said acrylate

pol ymer conprising the polynerization reaction product of: i) an

acryl ate nononer; and ii) a crosslinking agent having an acryl ate

noi ety, wherein said conposition and conmponents (i) and (ii) are
substantially solvent free; 30 and (b) curing said pol yepoxide resin

in said adhesive filmby heating said adhesive filmto a tenperature of
between 90 to 1 80[err]C for from 15 seconds to 5 m nutes. REPLACEMENT
SHEET _
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