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Summary
Briefly, the present disclosure provides an electrically conductive adhesive
comprising a reaction product of a radiation sensitized solventless acrylic pressure
sensitive adhesive precursor comprising an acrylic acid ester of non-tertiary alcohol, the
20  alkyl groups of which have an average of about 4 to 14 carbon atoms, and a polar
comonomer, and electrically conductive flakes having a density greater than zero and
below about five grams per cubic centimeter,
In another aspect, the present disclosure provides a method of making an
electrically conductive pressure sensitive adhesive comprising mixing a plurality of
25  electrically conductive flakes having a density greater than zero and below about five
grams per cubic centimeter with a radiation sensitized solventless acrylic pressure
sensitive adhesive precursor comprising an acrylic acid ester of non-tertiary alcohol, the
alkyl groups of which have an average of about 4 to 14 carbon atoms, and a polar
comonomer, and polymerizing the precursor to form a pressure sensitive adhesive.
30 It is an advantage of the disclosed adhesives to provide improved z-direction
(thickness) conductivity performance while also providing equal or better x-y direction {(in

the plane of an adhesive film) conductivity across the desired gap length and surface area
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pol ar c nongr, ,an | ectrically 20. conductive f.|lakes having a density
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The sol ventless acrylic pressure sensitive adhesive precursor conprises an

acrylic acid ester of non-tertiapgale§ Peorintda al kyl groups of which have
on At OTE.— and-

an average of about 4 to 14 carbdo , C a pol ar conononer. 25
Sui t abl e acryl i cAhoimbas arerlsrdimaisunied tofbermaatifaaddiyehe teso Gahopt.” ddhey| at e,
2- et hyl hexyl cryl.ate

acrylate. THSOPP! P'émgr&ﬁgglt‘%lg?se %'reryﬁ'gﬁéi{?tﬁ r“inc’ll'gl@%(lmgf‘%gﬁ%’ll’ g‘f?g‘gag ‘?{iﬂf‘ﬁ gwaa%lr ylic
pressuregs seﬁg' é('eyge, 1 RGNASUNS 101 SCUSTY, 3CR8Q4I &-&S5)f rom about 99 to about 50
parts by wei ght I(’)r]:)v{[dgc? is%;%felétrn'scglrly conductive adhesive comprising a reaction product of a
radiation sensitized solventless acrylic pressure sensitive adhesive (PSA) precursor
comprising an acrylic acid ester of non-tertiary alcohol, the alkyl groups of which have an
average of about 4 to 14 carbon atoms, and a polar comonomer, and electrically
20  conductive flakes having a density greater than zero and below about five grams per cubic
centimeter (g/cc).
The solventless acrylic pressure sensitive adhesive precursor comprises an acrylic
acid ester of non-tertiary alcohol, the alkyl groups of which have an average of about 4 to
14 carbon atoms, and a polar comonomer.
25 Suitable acrylic acid esters include, for example, isooctyl acrylate, 2-ethylhexyl
acrylate, butyl acrylate, n-hexy! acrylate, and stearyl acrylate.
The acrylic acid ester non-tertiary alcohol used in the acrylic pressure sensitive
adhesive precursor comprises from about 99 to about 50 parts by weight of the precursor.
In some embodiments, this ester comprises below about 98 parts by weight of the

30  precursor. In some embodiments this ester comprises below about 80 parts by weight of

the precursor.



In sone enbodi ments, this ester conprises bel ow about 98 parts by wei ght of
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S0/ parts bygweight of the acrylic pressure sensitive adhesive precursor. In
sone enbodi ments, the polar nononer 20 conprises at |east about two parts
by wei ght of t heTpeswltifemtiondlneyldtemorororsiitsed i the atiylic pprefae samsitioerer

conprises at | east about five parts b i ght of th recursor. The nononers
and the pr opdieraRectingr esterise Bobubart L o3k et bu Nkl B vk and
pressure-sensi ti ¥gitAMRIANRnoRRAkY MiudeNOF BRinipYe, biiyfc BBANActhdtaflictdeR, mononer
m xture will contain fromabout 50 to 98 parts b I ght of the

Wel g L .
acryl at 5t y fecanstisi cenEn vatimiadacatapidsasscions NANipsiiatacrora-vinyl-2-
copol yneri z %%rglic}o}ﬁg,rﬁy\\rnir;yrﬂ Cap%&gctﬁlﬂmegghy%%%r%ur?le icpﬁate, benzylacrylate,

2-phenoxyethylacrylate, and combinations thercof.

The polar comonomer comprises from about in 1 to about 50 parts by weight of the
acrylic pressure sensitive adhesive precursor. In some embodiments, the polar monomer
20  comprises at least about two parts by weight of the precursor. In other embodiments, the
polar monomer comprises at least about five parts by weight of the precursor.

( The monomers and the proportions thereof are selected to provide a normally tacky
and pressure-sensitive adhesive copolymer. Normally this means that the monomer
mixture will contain from about 50 to 98 parts by weight of the acrylate-type monomer

25  and 2 to 50 parts of the polar monomer copolymerizable therewith, the sum of these being
100 parts by weight. Of course, more than one acrylate-type monomer and/or more than
one polar monomer can be used in a mixture when desired.

The solventless acrylic PSA precursor is sensitized by the addition of any known
initiator, for example, thermal and photoinitiators.

30 Photoinitiators which are useful for polymerizing the precursor include the benzoin
ethers (such as benzoin methyl ether or benzoin isopropyl ether), substituted benzoin

ethers (such as anisoin methyl ether), substituted acetophenones (such as
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nor.e than one polar nononer can be used in a m xture when desired. The
sol ventl ess acrylic PSA precursor is sensitized by the addi ti on of any known

initiator, thermal and photoinitiators. J, ors
whi ch are uts‘ﬂ? u({a ?HP poI ymeri zing the precursor incl ude FE?ﬁJgieﬂﬂz@ls%% et hers

(such as benzoin nethyl ether or benzoin isopropyl ether), substituted
benzoin ethers (such as anisoin nethyl ether), substituted acetophenones

(such as - 32\Mid06:8/a0kdpRRorRahd URGhelHd# B8 Ihenacttadheddne) yasahubdahismane and
2, 2- di net hoxy- 2- phenyl acet ophenone), substituted al pha- ketols CSi)sauch as
2- et hyl - 2- K#alsdsushed Br%%éﬁom@yoxyawoahatoaﬁl:w%@%@ﬁwsw@&tn&u

1- phenyl [oX8 y avail abl e
phot of mi 11 at SRR Aalont O:EL DASHRADRAMEA, (o PLAIAILY 12 ors
avai | abl e f pbmtoﬁlthmrs nﬁ;hete; ﬁ)lrb:yan@ﬂe theclagasure@rserifs cﬁ'onutwmrsaamuahle fyém Ciba

phot oi ni l lsulg] hat the p{_ cur.sor ‘i}mﬂrbt;l? g upon

exposur e to T’Féa p(jfj'l'egb?qsat pligstive egoymtar p OIPW@OBE SPEAUCRNI8re time. For
exanpl e, ?Fbc@x'@&h@?@l'y{deﬁ&&lr oRkR ]{(ﬁ{n@tﬁl} Yhedb oyﬁa@l l1ﬁﬂt SOURE R tﬁ@@etmedor ovi des
about 0.05 to 5 par er par s by weig t of the total precursor

mononers. Plepaspisitimee oz sxdnepie,ohch pliotpinitigierspreferablyar¢raged in aineundthet | osed

't or fer onc P TAREESHE AR o Ribreiasdfo bHET PPRSEIRUGy Ll vy o,

carbon di oxi de, Pﬁdtbptj’[ym@ﬁzaﬁblgeﬂhhﬁla}%dﬂs bfahé Mateditld dciobed Hercid babH cafifedoXygen
still can be tolerated. In sone enbodi nents, a sufficiently inert
at rosphdfe eHHn@R %qﬂt@o@ae@ytoas%m iRt5rigrongs EPm OKYERe ANXIMEVR #iTisensi t i zed

mxture wit Iﬁtr@o(iph?é?é YIBRTak gltlf()ﬁ c%bﬁ Hlo'xgi tﬂéﬁﬂﬁ\p fﬁgtg 1%9 Ezﬁ‘ﬁe ?&:} £6ha

ul traviol et atron an Irra atlng min air. Good
pol yner i zat ianwounted ukygncsah chebfamtemtahdmsemagmhodmmk am‘ufﬁdmﬂiyewent bl ack
| i ght | anps raviol et. ionin the

500 400" oSBT Bartiect Bkt b et & ey BT gt b i R hbout

1000 m |1i JoHAReic Bifth whikhas %aﬁs%ﬁ‘rteh%ttl%rsefe@i&d la&rauﬁﬁa radMtiol aR@ktchcul ar
selection within the skill of the art guided by the photoinitiator

sel ecti dA armadidtmgdbroughethef filmpinaire Good mlymen@auonmsem mﬂsbef?étﬁmbéumgahded into
tacki £ er's, o SBPASAG BRER TRl SRRl il RRuncB e A ROR R =
the 300-400 nanometer wavelength range at a rate of 1rrad1at1on of below about 1000
milliJoules per square centimeter can be used, with particular selection within the skill of
the art guided by the photoinitiator selection and the choice of monomers.
20 Other materials can be blended into the radiation sensitized adhesive precursor
mixtures, such as pigments, tackifiers, reinforcing agents, fillers, anti-oxidants etc., which
i selections and amounts do not interfere with the desired results.
| The descriptions of the fillers used herein follow those generally accepted in the
art. For example, flakes include shards, wedges, trapezoids, and the like, such that the
25  particles are acicular and non-spherical and have a width and depth much greater than the
thickness. Fibers have generally similar width and depth, which dimensions typically are
much less than the length. Spherical particles may be regular or irregular and generally
have similar length, width, and depth dimensions. Spherical particles generally are used
for anisotropically conductive adhesives that have high electrical resistance in the plane
30  while having low electrical resistance through the thickness. The adhesives taught in this
disclosure generally have low electrical resistance in all directions; that is, they are

conductive through the thickness and in the plane perpendicular to the thickness.
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coating of (Sauc ag gﬁver copper, nickel, gold, tin, zinc, platinum, palladium, iron, tungsten,

molybdenum, alloys thereof, solder, or the like. The conductive coating on the filler may
20 comprise from about 5 to about 45 weight percent (wt. %) of the total weight of the

coating plus the base particle. The electrically conductive fillers used also may be

particles having a hard and/or sharp core, hard enough or sharp enough to penetrate an

oxide or other surface layer on the intended substrate to improve electrical conductivity.

For example, steel or stainless steel particles can be used. Coatings with conductivity
25  greater than the core particle also can be used on otherwise conductive core particles.

In some embodiments, the ratio of the density of the electrically conductive

particles to the density of the base pressure sensitive adhesive resin is below about 5. For

example, the pressure sensitive adhesive resin density may range around from around 0.98

to about 1.1, and electricaily conductive particles with a low density base particle having a
30  conductive coating generally have a density below about 5 grams per cubic centimeter

(g/cc). In contrast, known electrically conductive metal particles have a density of at least
about 7 g/cc.
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or even
is the x-y direction or that direction perpendicular to the adhesive thickness. In some

embodiments, the electrical resistance (Ohms) in the z-direction is below about 4, 3, 2, or
even below about 0.5. In some embodiments, the electrical resistance (Ohms) in the x-y
20  direction is below about 5, 4, 3, 2, or even below about 0.5.

The peel adhesion level of the adhesives disclosed (in N/cm) is generally at least
about 3, 3.5, 4, or even higher. In some embodiments, the peel adhesion level of the
adhesives disclosed is balanced such that the adhesion on one surface of a disclosed film is
within about 20% of the adhesion value of the opposing surface. In some embodiments,

25  this adhesion balance is within about 10%, or even closer to evenly balanced between the
opposing surfaces.

The adhesives of the present disclosure may have any suitable thickness. For
example, a thickness (in micrometers or um) of at least about 20, 30, or even greater
thickness can be used. In other embodiments, the adhesive has a thickness (um) below

30  about 200, below about 80, below about 70, below about 60, or even thinner.
In another aspect, the present disclosure provides a method of making an

electrically conductive pressure sensitive adhesive. Generally, these adhesives can be
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The el ectrical resistance of the adhesives disclosed is generally bel ow
about 15 4 Ohns as neasured through the thickness (also called the
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this adhesi gg,0alg d68lar %or}%ﬁo'}&ke?, @ﬁggmgx"s{% e frécisor ' OREh ah;?esgu}é%”' y bal anced

0
bet ween the OppoSi ng surtaces. €s 0 prese Scl osure may
have any susdnsibibeadhesiek NEscful troerialexalnpd tpseadisdddsed aesg, (in m crometers or m

of at |east about 20, 30, or even greater thickness can be_used. |In other
enbodi nent s, t heSUARREIuKS aﬁ“»gsca&bf FRatgdn RS Q%h@wman%@nﬁml%@ye bel ow

about 80, DGl QR R PLEasd HnerP Suta e&hngpan@[relegyeqﬁm}mrg%rl kndn BRL her
aspect, the present disclosure provides a nmethod of making an electrically

conducti ve pdhesiseans. Ransiuldr selecivheswitien ti@eskdl afl thyartt hese adhesi ves can be

-6 WO 2008/ 014169 P us20Q7/ 073838 I X l. [t f
el ectri gtgl ly con@ﬂlﬁrcq-ll- eé‘lelngﬁ Eesﬁga]eﬁeggggg%aﬂgicpﬁulﬁﬁg%i?@gm?%%ﬁgﬂ%légﬁepand bel ow
abput five @eakirRelly Solh&ivedRkiIRERNIM ihhendasbrli@sr HRAFE.t PreReably,

solventl ess acrylic pressure sensitive adhesive precursor conprising an
acrylic aci thegsqcarsors@fe piymeriged iveply the Rakpvire sespendedkyrpvigingdlekesof whi ch have

an average ol ARl it b SpGRER o WeioRldh noRllhe SRR 2nd

pol ymeri zin precurso orm a pressure sensi esrve. Useful

mat eri al s i egbedigeithihs prediselsaseshlphaized while therdithelr goicavesaritdds dpe coat ed,
usi ng aggl known neans, onto a flexible tag& backing or release liner. Such
[

tape badki ngsiptelyeneneaded. pryrdingpasties oAy HpiferRdy sufpendsd thaoughithe
Particular ggligekio?the Batfiid Mistbdtitiafii hiforfily fUlfer@Ed™ means that particles are

located throughout the adhesive thickness such that below about 80%, 70%, 60%, or even
fewer, of the particles are found below a midline through the adhesive thickness. In the
opposite situation, more than 80% or even substantially all the particles settle to the

20  bottom of the adhesive.

In some embodiments, the mixture contains sufficient electrically conductive
flakes to provide an adhesive having an electrical resistance below about four ohms
measured through the thickness. This amount of flakes (in volume percent or vol. %) used
in the adhesive typically ranges from about 5 up to about 30, as described above.

25 The new isotropic adhesives of some aspects of this disclosure also can provide
improved thermal conductivity as compared to known scrim-based isotropic adhesive
products. Such embodiments can be useful in situations where thermal conductivity is
desired together with electrical conductivity. Examples include devices requiring a
uniform heat profile and/or heat-generating devices needing to release heat.

30 In some embodiments, the adhesives of the present disclosure can be used in
grounding applications, for example, in electromagnetic interference (EMI) shielding in a

communication device such as a cell phone. In other aspects the adhesives of the present

7-



10 Generally, the mxtures of these electrically conductive adhesive
materials keep the electrically conductive flakes suspended in the

fl akes-precursor mxture. Preferably, the precursors are polynerized while
the flakes aygasgppgeded, providing flakes substantiall ypcyhi 6NMﬁﬂbs
suspended through the thickness of the coating. In one enbodi nent,
precursors are polynerized while the other conductive particles are 15
substantially suspended, providing particles substantially uniformy
suspended t hiisologire clrebe ude'd wkthqsﬂtadfcimhiebmdﬁ PaB), pi-ﬁudnlswtrimbdaaisl (?WB)j dgrorm y

suspended” ans that S. ar | ocat ed t hr oughout a hes
Chi Cknece s JEROTe et Bl SOl5tr 1360, I <60k HEORUHLAH o b 4 1 Abqe0
particles arsauéreﬁﬁlﬁn@%mn%e@&hﬂ&ﬁmtahﬁ@eg@m E&ﬁelaﬁgeﬁdtef»ﬁal ttﬁut%a@%%%n then the

opposite situation, nore than 80% or even substantrally all thé particles
settle to thengeef ﬂ»@trtn@nﬂéfmm eeed hargery with the coomstiemboing p@mdsd with@nm xt ure

ff I I d
i ng el BaeHERbeREE I bE Rt RO i KFor S BR P R AR ATIARNER e

t hi ckness. TEhield c&mgumltnfvaﬂdy@be&céssmnymhuﬁebﬁ@% eRtudiig MdctiviflessiS8euchi n t he
adhesive typically ranges from about 5 up to about 30, as described above.

25 The new isipatiopithe wdlse dinjasiops caidivecemmaedaicdayith e sleginisalliomuductiab so can
provide ased
S0t ropi o adkaerts bl KA b e S TR Bty BB b s
wher e t her maknsitbredidhdsivel doyifonsis tockhs surée tiogeghipeaksvint lvalddys atiokCadrious circuit
conducti Ihlél tyf, Exanpl es include devices requiring a uniformheat profile
and/ or 8?‘ ating devices needing to rel ease heat. 30 In sone

enpodi nents, t he IRERRSEGiREntt, % ﬁBﬁ%&P&dh@éﬁé‘s'rﬁaﬁMﬁﬁ 16RR1RRicHSEsthlde

groundi ng appllcatlons for exanple, In electromagnetic interference (EM)
shi el di ng i reftar seyerahdays txatilenst ahovi foer wealds cpaing beween pﬂmmé‘:mnemhm: herd0HSpect s

t he adhesi veis ?1 the rese ﬁ? 2008/b0 41 ? CTI U {1073838 d| scl osure
can be used %‘H’e é t 8RS (’é’t%}ls’ RAPSIGS TP pg) | or
flexible ci rlswleteemﬁlakﬁgamlahedsevéﬂam@yz to d.tmea@tr%oﬁﬁﬁaﬁm\‘v&ks ac@leom@baghicht Of
about 4 to about 20 square mllineters can be ’(F:Lounded to a larger EM

shi el di g ek imP0% vaeﬁww@af itsanfeembodigatso fhe providadedbesivanmsentaiy en
larger, wth o Sgelcﬁ‘fgﬁ'l%ﬁgt%?& AREE DGel {Pagk fogsg 1%%5% zﬂ)oﬁﬂ“oa' »@9&‘3 éc\éf‘erﬁ%)c%r% 449 to

t he present osure. Know nateria uses are I'rmt
70°C in ambient relative humidity.

In some embodiments, the provided adhesives also provide thermally conductive

benefits along with their low electrical resistance. For example, an acrylic pressure

20  sensitive adhesive without conductive fillers may have a conductivity of about
0.18 W/mK. 3M™ 8805 High Adhesion Thermally Conductive Adhesive Transfer Tape

( (from 3M Company, St. Paul, MN) is reported to have a thermal conductivity of

0.60 W/mK. In some embodiments, the adhestves disclosed herein have a thermal
conductivity from about 0.50 W/mK up to about 1.8 W/mK.

25 Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as

well as other conditions and details, should not be construed to unduly limit this invention,

Examples
30 Where not otherwise specified, materials were available from chemical supply

houses, such as Aldrich, Milwaukee, WI. Amounts are in parts by weight unless

otherwise indicated.



shield designs with valleys or recessions that are bridged, reducing

ef fectiveness. In such situations, the valley dinensions can be
accomodated with the electrically conductive adhesives of this disclosure
i n enbodi me the electrically conductive pressur LLd

adhesi ve co%%%o\errgﬁ#g@t he surface through peaks and vall e?ngjgé@Jgé.}sgsgri ous
circuit 10 features. In sonme enbodi nents, the provi ded adhesives maintain

| ow el ectrical resistance after several days to at | east about four weeks
cycling between a | ow tenperature of -40C to a high tenperature of 85C. In
sone errbodigyfqté“sa t he provi ded adhesives maintain |ow electrical resistance
after sever ay% to at | east about four weeks accelerated aging at 15 60C

in 90% rel AL Ve BTGB d0n 1 1. sogg%m%rmom MENTS, UNERRIRMiGET adnesives
maintain | e T, S evert al T b St vout
four weeks ;"‘%ﬁpaﬁt %]ﬁ% "Z ("'.é ent /?1 i m sone
enbodi nent T’ t he provi ded adhelsi"\?es 5178% th¥ovi de I’ V@Bnauﬁ'{)f’ ¢
benefits allong with their |ow P88 cal resistan XanpI S anlacrylic
pressure 20 sensi tive adhesivel without conductive fI}5|0|—e3058%91 tve a
conducti vit . _3MIM 8805 Hi gh Agi¥9i~f 15hpmnoa] |y
Conducti ve Akdhdm%&ﬂ@ SRRTER20 alfngters( f r om 3M Conpan§ilveBroatébglhss s i $
reported tdt have a thernal conductivity of 0.60 W (i&ight% sibree>Entradt ment s,
the adhesiyes disclosed herein have a thernmal copgughi B5G ¥ 30:80mmabouit 0. 50
WK up 1o |¢RRsct-b-HIFEaHsFA (iRt s and advant ab§svédlodtlt SladsMaRE 1 0n are
further illjustrated by the fol|l ow ng exanples, bHE35t glﬁ% ﬂ\FeP'IﬂrOH terials
and anount g thereof recited in| these exanples, as \}n,g ditions
angd detail<, should not be const r ued to unduly li |s |n ntlon

EXarrpl es J Vet her €C+11 Uu, fretet ere Vet lJI c from
chem cal sy ng‘?/““‘ﬁ %O a]syf’“,&rdrl ch, M I wauke ﬂ"f’@/‘\ﬁoat%@&?ﬁtsg in

- (D

parts by vvq Nt unl ess ot heer se indicated. -8 WD 2008/ 014169
PCT/ US2007/ 1073838 _Materials Material DesignationiSource Descriptio
Novamet 7181 Novamet Specialty Sitver coated Nickel
Products, particle agglomerate
(Wycoff, NJ) (Novamet)
Novamet HCA-1 Novamet Nickel Flake
Novamet CHT 05300-1 Novamet Silver Coated Nickel Flake
Ciba® Irgacure® 651 Ciba Specialty Chemicals, | 2,2-dimethoxy-2-phenyl-
(Tarrytown, NY) acetophenone
Test Methods

5  Conductivity Test
The IPC Multi-Purpose test board (IPC-B-25A) (Diversified Systems, Inc.,

Indianapolis, IN) is used to measure the conductivity of the adhesive in both the
z-direction and the conductivity in the x-y plane. The z-axis is the axis along the
thickness of the adhesive. To measure the conductivity in the x-y plane of the adhesive,

10 the adhesive was laminated to 1.7 mil (43 um) thick Kapton® polyimide film (DuPont,
Wilmington, DE). A test sample 2 mm wide and approximately 25 mm long was cut from
the laminate. The test sample was laminated to the IPC-B-25A test board across the set of
traces that were 2.0 mm apart. The test samples was laminated with light (0.35
kilograms/cm®) finger pressure. The test assembly was allowed to remain at 23°C for one

15 hour. The electrical resistance between two traces that were separated by a 2 mm gap was

measured with a multimeter resistance probe. For measuring the conductivity in the z-axis

9.



Conduct-o-Fil (r) SF82TF8 Potters Industries Inc., Silver coated glass fibers
(vall ey. Forge, PA) (weight %silver > 7, Fiber (Potters) length, D 10 = >
15 m D50 = 30-80 gm and D90=<150A m Conduct-o-Fil(r) SF82TF20 Potters
Silver coat ggh fh@dSidol bers (weight % silver >17, Fiber Eg@m Q757389- 80 m
Conduct-o-Fil (r) SGL5F35 Potters Silver coated glass flakes (35 weight %
silver, DI0 = 8 m D50 =19 m D90 = 32 m Conduct-o-Fil(r) 5-3000- Potters
Silver coated glass spheres S3N Novamet 7181 Novanet Specialty Silver

coat ed N ckeirectiBh @lickhess), prradhesdie saggleoras lahiaated Ve afgorticdlgf a@vamilimdier anet

HCA-1 Novanet, Ni ckel F| ake Novanet T .Q5300-1 Novanet, Silyer ated N ckel
Fl ake G bati§e s?lgg P?efmeﬁbafﬁgg’@& gﬁ%y&@ﬁg}ﬂnﬁﬂ& old plated Copper o

2, 2- di met hoxyse2sRNRPYdverchithyWie ad}{‘ééivécﬁ{e‘]ﬁgﬁﬁ%%s'{'@ﬁg»J}@tli}ﬁﬁl&eéo@?@lﬁ:“ct Lvity
Test The | PC Multi-Purpose test board (I'PC-B-25A) (Diversified Systens,

Inc., | ndi adapwlvids traddy on thedBEeB-LH tayelosed. eTihdelfned d 3dt i 2. bfnt he adhesi ve

in both the z-di.recti and.t he conducti vi in the .x- ane. . The z-axis
5 the ati oufhdirEieh OfyR nk aS A Grbiolrth et il BedhF

conduct i Vi t Yarhple bitth¥ to BineR&ieQfact bethe IPEH-YEcircl@ bohel. aAtBeSsitlea ofle goRIM nat ed
to 1.7 ml (43 m thick Kapton(r) polyimde film (DuPont, WI m ngton, DE).
A test sanpplated capperwirerethatvasiob Pereradryith aahosiva ey dampafs ceonfect wigene phe

| aninate. The .eslo ATREIRS HaPThRH vt Ve hREsie ARAMGH. figard across

t he set of
resistance was measured by probing the IPC trace that was in contact with the adhesive

10 and the IPC trace that was in contact with the gold plated copper trace on the polyimide
f film,

Peel Force Test
An adhesive film sample was laminated, with a one inch rubber roller and hand
15 pressure of about 0.35 kilograms per square centimeter, to a 45 um thick polyethylene
terephthalate (PET) film. A one inch (25.4 cm) wide strip was cut from the adhesive
film/PET laminate. This adhesive film side of the test strip was laminated, with a two
kilogram rubber roller, to a stainless steel plate which had been cleaned by wiping it once
with acetone and three times with heptane. The laminated test sample was allowed to
20  remain at ambient conditions for one hour. The adhesive film sample/PET test sample was
removed from the stainless steel surface at an angle of 180 degrees at a rate of 30.5
centimeters per minute, The force was measured with an Imass Model SP-2000 (Imass
Inc., Accord, VA) tester.
Adhesive Film Preparation
25  Adhesive Syrup 1
A mixture of 98 parts of isooctyl acrylate, 2 parts of acrylic acid and 0.04 parts of
the photoinitator, Ciba® Irgacure® 651, was partially photopolymerized using
fluorescent black light lamps to a syrup having a viscosity of about 1000 centipoises
(1 N*s/m?).
30

-10-



traces that were 2.0 nmapart. The test sanples was |amnated wth |ight
(0..35 kilograns/cnR) finger pressure. The test assenbly was allowed to
remain at 23C for one 15 hour. The electrical resistance between two traces
that were sqp@hbfiiy @ 2 mMmgap was neasured W th a mpblphRigh736@SI St ance
probe. For nmeasuring the conductivity in the z-axis -9 W 2008/ 014169

PCT/ US2007/ 073838 direction (thickness), the adhesive sanple was | am nated
over a portion of a 2.7 mllimeter wde, gold plated copper trace on a

pol yi m de f iAdiesive pnipi2on of the gold pl ated copper trace was not covered

by the adhesi Th | de test str th 1
o de traces on i Aeniple at 4B paaHtoarll s S B SRy anialat s o
overlap j unqrsmcﬁ&na@@@wme QW.I')ChnB|03239pﬁrt§@ptﬂ@f)hc%ﬁﬁtﬁt&0@i%®q 2@%&5@%@?

adhesi ve test rrPIe and the two mm wi de trace on PC- B- circuit
board. The pmsmmﬁ bphthlrgmrczed psing 8uore@pptéﬂaoﬂ<rlmbblammato aysumervingoy er ed

W th adhgsr V& S 0(% @orﬂ?%dd %nﬁg(ﬂg%gg one of the traces on the |IPC

board that wdas covefe e vb test sanple. The resistance was

measur ed by probr ng the IPC trace that was in contact with the adhesive 10

and the IPCExraa?ﬁethat was in contact with the gold plated copper trace on
I

t he polyi mde m Peel Force Test An adhesive filmsanple was | am nated,
with a one inch Aubixége pbbd &pf AdaesivgSarupllisandr258 gpf Adbesi p dw3B ki | ogr ans

per sauare GRILLITLREs o todficd Ak ARbYSLM RPeiRs oAl o (PET)

film A one cut f es film PET
| am nat 40 Thbsdwdhefakes (Cirdovtso-BRROGFGI5HRS)ta08 0. 09tgrrams ofdexdretdiohdibadiateni th a

two kil ogr rubber to a stainless stgg pl ate whi ch had been
cl eaned by b’tebrlﬂfié‘sm\‘frf Ing-» Yéest Baterseth @i i é“lf'i“FFe‘gas\/ﬁeB?'PS Hdshe, The

| ami nat ed t‘%ﬁ% cedp %s‘ﬁré’ﬁﬁ ﬂHeQi%%%réd%te%%eﬁ#‘éEHWo SlicoHERicidl t@ﬂs{ﬁgfebf I?Eﬁcf or one

hour. The ad | m sanpl e/ test sanple was renoved from
st ai nl ess stidwb tcathickoess af agmoxamgtely Hif prhShedogtingesasatradiated irearoier30. 5
centineters neasur th an P- 2000

Tt The SRt v i Ao sty ck/“@ﬁfe@rnrwﬁ?‘rﬁwﬁf&a%%ﬁgd SRS s o

Syrup 115 ofthe adhesive coating was 940 milliJoules (mJ)/cm®. The irradiation energy received at
the adhesive coating surface was calibrated using a Light Mapper UVI Map available from
Electronic Instrumentation and Technology, Inc., Sterling, VA, Examples 2-7 were made
substantially as described in Example 1 with the amounts varying as shown in Table 1 and
the energy varying as shown in Table 2. Test results are shown in Table 2.

20
Comparative Example C1

3M™ 9713 XYZ-Axis Electrically Conductive Tape, a high performance pressure

sensitive adhesive loaded with conductive fibers, from 3M Company, Saint Paul, MN.

-11-



A mxture of 98 parts of isooctyl acrylate, 2 parts of acrylic acid and 0.04
parts of the photoinitator, G ba(r) Irgacure(r) 651, was partially

phot opol yneri zed using fluorescent black |ight anps to a syrup having a

vi scosity of O centipoises (1 N's/n2). 30 -10 69
PCTIUSZOO?/&?@%@ngé‘ esive Syrup 2 A mxture of 74.7 pa&%@gggﬁégééé%yl
acrylate, 24.9 parts of N-vinyl-caprolactam (ISP Technol ogi es, Wayne, NJ),
and 0.23 parts of the photoinitiator, C ba(r) Irgacure(r) 651 was partially
phot opol ynerdeagshrativeBxdhpRr@scent bl ack |ight lanps to a syrup having a 5
viscosity of abouyt 2000 centipoises (2 Ns/nR). Exanple 1 A mixture of 63 g
of Adhesive Syr ufomparative Exemple C2 a8 espgisd Sy thpsapepiesdup pe Ereplods h 66.9 g

of conducti ' P il A 1 ctive
fl akes (Con ggétpkgﬁfzﬁ %%@%{F‘ﬁ%ﬂfnﬁ 1%2 ggﬁégﬁwgﬁegg%gggﬁd?ggggl ate
( HDDA) ( Cyt €27 gruhssifiCoadudtioeli® Be0083Nevagonsed ) inakdthe adiesivgrceatimgs degassed

inder ¢ SEUSEBE TR ek ML el SRSUES,CEL B AR Sl ol ot o

coating
was irradiated in an inert atnosphere, with fluorescent black Iight |anps
such that tReffiafve Eemfpiats at the surface 15 of the adhesive coating was
940 m I liJoul es (m])?cmz. bThe irradiation energy received at the adhesive
coating surface WasmpertivbEasreple (5iweg paepaied by tivbgaperpradetiuriviap Ezaraple &bl e from
El ectronic Instr ti and Techno : rli VA. npl es 2-7
were made §ﬁﬁ§?§ﬁf£%f#98g§mﬁ%§ prgdbggéﬁﬁiﬁg?%’ﬁ% '%ﬂﬂﬁﬁgugﬁﬁ s varyi ng
as shownoi n SERTE20lariNG2 2 N\6F 1eRRRRY 7 MA WYdrd Gscd $o AR bdheliRe k:@at&% sdigfén.
results are shown in Table 2. 20 Conparative Exanple G 3MI'M 9713 XYZ- Axis
El ﬁct ri cal | yThedmedietionemerpapeceivediat ih adfesive coating cuiptce 348 P80 mEasi ti ve
adhesi ve | oaded with conductive fibers, from 3M Conpany, Saint Paul, M\
-1l Comparative Example C4
Comparative Example C4 was prepared by the same procedure as Example 1,
15 except that 45 g of Adhesive Syrup 1, 182.0 grams of Adhesive Syrup 2, 0.07 g of HDDA,
48.5 g (6.3 vol. %) of Conduct-o-Fil® SF82TF8 116.9 g (11.6 vol. %) of Conduct-o-Fil®

SG15F35 and 48.5 g (6.1 vol. %) g of Conduct-o-Fil® S-3000-S3N were used to make the

adhesive coating solution. The irradiation energy received at the adhesive coating surface

was 659 mJ/cm’,
20
Table 1. Adhesive Compositions
Fillers (Grams/ Volume %)
: Adhesive Adhesive HDDA
Example Syrup 1 Syrup 2 SF82TF8 | SF82TF20 SG15F35
(grams)
(grams) (grams)
1 63 250 0.09 66.9/6.9 115.8/9.2
2 63 250 0.09 66.9/ 6.7 161.2/124
3 63 250 0.09 66.9/ 6.5 - 212.2/15.6
4 364 1453 0.55 388.1/6.5 1231.7/15.6
5 364 1453 0.55 1817/23.0
6 364 1453 0.55 --- 388.1/15.7 1817/ 6.0
7 45 182 0.07 154/20.7*

* Example 7 also contained 122 g (5.7 vol. %) of Novamet 7181 filler particles.

-12-




WO 2008/ 014169 PCT/ US2007/ 073838 Conparati ve Exanple C2 Conparative Exanple
C2 was prepared by the sane procedure as Exanple 1, except that 45 g of
Adhesive Syrup 1, 182 g of Adhesive Syrup 2, 0.07 g of HDDA and 227 grans
of Conduct - Gyfhbdsolg1er 3000- S3N were used to nmake the adhggipiR6PabsRd S

sol ution. The irradiation energy received at the adhesive coating surface
was 659 n>J/cnR. Conparative Exanple C3 Conparative Exanple C3 was prepared
by the sane procedure as Exanple 1, except that 227 g of Adhesive Syrup 1,
0.34 g of HIahle LA rngEndrgCand Test-Resalts (r) 10 SF82TF20 and 122.2 g of

Novanet 7181 were uged to nake the adhesi ne}@gaﬂ olution. | The
irradiation energy feceived at| the-agdiiesi ve aﬁg urface was 8 mi/ cn.
Conpar ative Exanpl e| GATRUMPAY dt i weaEranp | ¢ desigtiity ¢ Peebiionse thp(,&@ma
procedure as Exagmpk e 1Enemgyexd q@tmlhlgaktmég g (Bnmpgapesi veNSIRLp 1&g G grans
of Adhesive Syrup 2| @md%emf)of H § o6 vddejol| . Siyle Af Side B
Conduct-o-Fil (r) SF82TF8 116.9 g voll. YPhafs) Conduct - o- Fijl (j SG15F35
and 48.5 g (6.1;vol] 9 9g00f Conduojgo Fill(r) 3530001 S3N wer e usegtj6to make
t he adhesivye coatipg sol uti or. The™ i rradijati on enerqgy recei ved at the
adhesi ve coating su fac?m 659 py-cnl. |20 Tapd e 1! Adhesive osiftions
Fillers (G ans/_Vol Adhesi ve "Adhesijve A _Exanpl e Ser Syrup 2 g
s SF82TF8 SK82Tk20 rans (grams) (grans) {1 63,25010.0 6.9/ 6.9
115.8/9.2 2 635250 ?QG 9% )Ollgl 2/w12. 4glr3 63250 0. 09 g? .5
212.2/ 15.6| 4 364 L453 882 55 ~88. 19895 ---| 123{gg/ 15.6 453 364 14@@ O. 55 ---
--- 1817/ 23.0 i ' ' '

5 842 0.11 0.45 35 38

!,

6 842 0.19 0.86 38 4.0

7 560 0.10 1.67 3.5 3.7

Cl - 4.61 7.33 3.4 4.0

C2 659 0.16 Open 59 5.9

C3 940 0.07 Open 1.4 1.4

C4 659 0.29 1.2 2.8 2.7

Foreseeable modifications and alterations of this invention will be apparent to
those skilled in the art without departing from the scope and spirit of this invention. This
5  invention should not be restricted to the embodiments that are set forth in this application
for illustrative purposes. All publications and patents are herein incorporated by reference
to the same extent as if each individual publication or patent was specifically and

individually indicated to be incorporated by reference.
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6 364 1453 0.55 --- 388.1/ 15.7 1817/ 6.0 7 45 182 0.07 154/ 20.7* *
Exanple 7 also contained 122 g (5.7 vol. 9% of Novanet 7181 filler
particles. -12 WD 2008/ 014169 PCT/ US2007/ 073838 Table 2. Curing Energy and
Test Results XY -Plane Irradiation Resistivity Resistivity Peel Force Peel
Force Example Energy (2 mmx 2 mm) (2mmgap, (Ncm (Ncm (md/cnR ) (Ohns)
5 mMmw de) Side ASide B Chnms 1 940 2.9 3.35 4.2 4.6 2 940 0.37 3.35 4.6
4.5 3 940)Qclfml 4.7 4.3 4 842 0.19 1.09 4.5 4.4 5 842 0.11 0.45 3.5 3.8
6 842 0.19 0.86 3.8 4.0 7 560 0.10 1.67 3.5 3.7 d --- 4.61 7.33 3.4 4.0
C2 659 0.16 Cpen 5,9 5.9 (C3 940 0.07 Open 1.4 1.4 C4 659 0.29 1.2 2.8 2.7

Foreseeable nodjfic S d at.i ons of th| s invention will be apparent
to those kil l ]F%“Pﬂg'%ﬂ”g Q?@E}Fs%ee ¥ from t he scope and spirit of
this invention., fhdtdn p?odd%‘!@f'ﬁ fafﬂiht%ﬁ%bﬂsﬂd&%ol%nﬂe%%&r&ﬁé Ffi:sélﬁ’e §diRitive

enbodi nents that are set forth in this application | ustrative
pur poses. adhesiyaiprecurser compriging apal&e/lhtcacdreeteh ef mmtelrtmm rakmhalt tt abkgylr ef er ence

to the same ext i f each indj ubli cati gn or pat ent was
oeorti ooy iy s dvpaes atd Kot Lt st g A BBy i ence.
-13 electrically conductive flakes having a density greater than zero and below five

grams per cubic centimeter.

2. The adhesive of claim 1 wherein the electrically conductive flakes comprise from 5

to 35 volume percent of the adhesive composition.

3. The adhesive of claim [ wherein the polar comonomer is selected from acrylic
acid, itaconic acid, N,N dimethylacrylamide, N-vinyl-2-pyrrolidone, N-vinyl caprolactam,
acrylonitrile, tetrahydrofurfuryl acrylate, 2-phenoxyethylacrylate, and benzylacrylate,

acrylic acid, and combinations thereof.

4. The adhesive of claim 1 wherein the polar comonomer is selected from N-vinyl-2-

pyrrolidone, N-vinyl caprolactam, acrylic acid, and combinations thereof.

5. The adhesive of claim 1 further comprising electrically conductive particles and/or
fibers.
6. The adhesive of claim 5 wherein electrically conductive fibers have a density

greater than zero and below five grams per cubic centimeter.

7. The adhesive of claim 1 wherein the flakes comprise from 5 to 25 volume percent

of the adhesive composition.
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W claim 1. An electrically conductive adhesive conprising: a reaction
product of a radiation sensitized solventless acrylic pressure sensitive
adhesi ve precursor conprising an acrylic acid ester of non-tertiary al cohol,
t he al kyl groups of which have an average of 4 to 14 carbon atons, and a
pol ar conononer; and electrically conductive flakes having a density greater
than zero and below five grans per cubic centineter. 2. The adhesive of

claim1 whereinmn LR c§ﬂn§ﬁ§1hg@l?édd&eﬁ9@m&1hi/?h£\h sms@m&@ﬁ Jowemop to 35
vol une percent of the adhesSive conposition. 3. The adhesive of claim!]

wher ei n t heicpsobeders.conononer i s sel ected from acrylic acid, itaconic acid,
N, N di net hyl acryl am de, N-vinyl-2-pyrrolidone, N-vinyl caprol actam
acrylonitrile, tetrahydrofurfuryl acrylate, 2-phenoxyethylacrylate, and

benzyl acr yj at e, ThedRfydf FaiRC8 Wherdfithe Bakdsnaé subdtantiNey @dformdy dithdugdhesi ve of
claim1 wherein the polar conononer is selected from N-vi nyl -2- pyrrolidone,

N-vi nyl cdhovglatheshickaess pf the floi. d, and conbi nations thereof. 5. The adhesive
of claim1 further conprising el ectrical | y conductive particles and/or
fibers. 6. The adhesive of claim5 wherein electrically conductive fibers

have a deng ty THaMRAL Fcldile8whercth BB ddiR8IveNaé hiy BlebtiRMErefhn e G St | Met er .
7. The adhesive of claim1l wherein the flakes conprise from5 to 25 vol une

percent  ofhmsiecasuied $i theowgivipediickngss. - 14 8. A film conprising the adhesive
of claim1l having a thickness from20 to 200 mcroneters. 9. The film of
claim8 wherein the fl akes are substantially uniformy distributed through

the thickngss ofhetflif dficdidlin 81ther-5ﬁ1ethfa hiHBsRE hat ah Ble&rivhaeaidndRIAARRST ve has

an electrical resistance bel ow four ohnms nmeasured in through the thickness.
11. The fidhmsoheashrgidin helaregierpentisulad bethie Whickness.an el ectri cal resi stance
bel ow two ohnms neasured in the plane perpendicular to the thickness.

12.  The film of claim 8 wherein the adhesive has a peel adhesion of at least 3 N/cm.

13. A method of making an electrically conductive pressure-sensitive adhesive
comprising;

mixing a plurality of electrically conductive flakes having a density greater than
zero and below five grams per cubic centimeter with a radiation sensitized solventless
acrylic pressure sensitive adhesive precursor comprising an acrylic acid ester of non-
tertiary alcohol, the alkyl groups of which have an average of 4 to 14 carbon atoms, and a
polar comonomer; and

polymerizing the precursor to form a pressure sensitive adhesive.

14.  The method of claim 13 further comprising coating to mixture onto a flexible tape

backing or release liner.

15. The method of claim 14 wherein mixing the precursor suspends the flakes in the

mixture,

16.  The method of claim 14 wherein the mixfure is polymerized while the flakes are
suspended through the thickness of the coating.
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12. The filmof claim8 wherein the adhesive has a peel adhesion of at |east
3 Ncm 13. A nethod of nmaeking an electrically conductive
pressure-sensitive adhesive conprising: mxing a plurality of electrically
conductive flakes having a density greater than =zero and below five grans
per cubic centinmeter with a radiation sensitized solventless acrylic
pressure sensitive adhesive precursor conprising an acrylic acid ester of
non- tertigly o eRlRkof iifmAldkyerbih APRiRire WBhGihRENRIGH cRURIAEP Of 4 o 14
carbon atons, and a polar conononer; and polynerizing the precursor to form
a pr essur eosduttivt flakesad pesiidean ddhesivebaving modedtical rasistad® Helow fewr ohmapr i si ng
coating to m xtyre, ont fl.exi ble tape backing or release liner. 15. The
met hod of TRFAERHS 1% fthHiekAeHy t he precursor suspends the flakes in the
m xture. 16. The nmethod of claim 14 wherein the mxture is polynerized while
the flakes are suspended through the thickness of the coating. -15 17. A
met hod of 18l ai Mihk4nethed ef claitthE3 whereiir the polat edmencudrfis sslented fdbmetnilical | y

conductive f] akes.to.proyvj de an.adhesjve _havi an e} ectrical resjstance

bel ow f ourdCish Rconigaed, AN flweﬁma& ﬁntdﬁeNtWﬂ%%ggthife% Noyanylsemeactam ci ai m
13 wherei h“ﬁﬂ ) ( i i Lt,aconi c
acid, N, Nra&l rlret ﬁg%’g%tgy?am ge, "\I!-iv %géf’g - %}%ﬁ%@@ﬁ%&é,@gibﬁ%ﬁ% lrlggef act am

acryl oni t rachydic atelf amchgmisihatidngtydreafcr yl at e, 2- phenoxyet hyl acryl ate, and
benzyl acrylate, acrylic acid, and conbi nations thereof. -16
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