ELECTRONI C ARTI CLES FOR DI SPLAYS AND METHODS OF MAKI NG SAME Fiel d

This disclosure relates to electronic articles useful for display devices
and net hoa® 20f1/1r8deBng the articles. Background El ectrrise@lilogsact i ve
materials are materials that respond to high electric fields and produce
optical or mechanical effects. For exanple, electrolum nescent devices

i ncl ude a phosphor |ayer (electrically-active material) that, when coupl ed
to an electric field, can emt radiation, either directly or through an
internedi ate | ayer that absorbs the emtted energy and reemits it at a

di fferent wavel engt h. TypicaIIy, el ectrol um nescent devi ces are made by
depositing a conductive e e patterned, on a substrate,

bt cal |y gPhES RONI ARTI L ES SRS AN BT MEATHRIR O UARING: af such
as a phosphor can then be applied ong¢ E?f t he conductive | ayer. The

| ayer, which contains the electrlcally active layer, then is covered with a
thin dielectric material to protect it froma transparent el ectrode which
can be applied thereon. These types of devices, with two el ectrodes and an
electrical ly-active | ayer sandwi ched Bifleen them are capacitive devices
and can store C Ie

electric fiel ggg lbc}J %rélzﬁeﬂo eitléacgr'?)bb é{l @%Snl?slr%ggc(# (Yﬁ)lgﬁy Vgcr%geM]ﬂ]tethO g in
order to dffifpikig heart@yest 0 the el ectrically-active layer. It is equally
critical that there be no substantial conduction pathway between the two
el ectrodes which would create a short-circuit and render the device

i noper abl e. Typi cal |y, dleleq&k gmnnn nsul ating materials are
situated between the two plates in a capaclitor or capacitive device. In
order to SUPPEIbctABalBLRGNE hiatdrial fe bRicMaRNhithespon® tdhigh @RctridTreldl @ldect ri ¢
needs to be very thin, have a high dielectric constant, or a conbination of
both. In mgdme@ab% jor meehaésai @@@cts i Forcgampls, phaeteqlpminsseeatdewdees inadude hi gh
dielectri a een.enp electrl mat.er.i.al-s, , For

exanpt . MPSTOT KRBT S SRR 4% B BT G b B,

el ectrol Lmlﬂﬁacaelah éiﬁh\éf giesutly e ﬂrrﬁ@glﬁlipﬁlte\fﬁediﬁﬁe%ye@ﬂia@@@sor‘t%btﬁ@elﬁﬁte@' um num
oxi de or titani um oxide can also be used as dielectrics in capacitive

devi ces. Bty ahf oot itatdi @ffewsny we@lm bEynieatlyr qzl@crtml@lnmemeot dejers ity ve

devi ce by _vapor, deposition te chni r ivel 05|tes n be
formed by b RGBOHBRE %ﬁ%ﬁd@xﬂ; OB PRl P e SERER S GG

particl esliat a fRY®I eii. ed e elbéthicalfonsha Aatdre 5@ihks aPhBShot ¥aH Geh b@' nders
have rel atively | ow | ectric constants, it is necessary to include a

| ar ge vol apnbed)@n fapldf élre grmduétoiedsyern Thiedays.nefeieh cantyjes the chicgivalipeoiire
dlelectrlc &0 stant to support e electric field in the capacitive device.
Surmary. Syef R EoviRa SRR digGefe Gl in iy s AR AL e ul tn

el ectroni &adﬁ%&é G@foh aah at aﬁﬁ“’e@ tBerBbidl hTH’ds@ bt bf GevEQESH AR tw I bOrdRWand
dielectric | oss but al so have very om1conduct|V|ty El ectroni ¢ devi ces

such as capdoitatly;actet atronsdwiahtd dtetal themsied epacitide devgamssind samstore
materials and structures, mcro-electr chani ca devi c
T eronf1 et JuS PRSI St v S foet B St YRRl S <Boags ¢ ve

devi ces, HaYechMd &RSRIELDE: HEGHcf t@rlrn@aﬁ' @ﬁér? ¥o Ak efé@ﬁﬁc@lng aQRllgeri Ryl ating
naterlals There is also a need in the fiel el ectroni ¢ devices for

si npl er, aupaléy edoabiactbre beaowiubhstentral nglcbucomepahway betpreodihe éwe glchtradasi ces.

| n one aspect, electronic. article r vi ded th i ncl udes a substrat e,
a conduct %hgpa ?at%afla%‘bﬁlﬁcwﬂoanfiﬁsnieﬁﬂﬁq é{tcsmoge diel ectric

conposi te, Qcaﬁyfdlél%&m@%g 1&u§ﬁﬁ§ﬁﬁte§f&[sfa€i‘@ ﬁtuartéaleoeft\!vééltthé Hid ks adlh acent
to at | east a rtion of the conductive elenment: and an el ectr cal ly-active

| ayer whiaapaditer ad¢apeaeitive toviad Theaddr tqnmppoﬂmn&iectriueﬁeiéb@m@els ticftaoeplaés, t he

hi gh di el ctr conposi te, mh reln th h di.el ectric conposite c nprises
a pol yrrerﬁ l%ﬁ&neegﬁﬂ’ bFrVﬁﬁéi i, Jagn glfgp@%ﬁ‘ée%fé? Eattanpor BQ%BE@P%H gfiller
ret ai ned t & o8 citiVRE, k I £OR Ii%%efe . hat i ncl ude
an electﬁ#@él yocgngﬁé?fng I§§2# %%JLgna%%gUIat¥ r€ Fh %gﬁa%tlally
surroundumgymmemeébemwmmmbthBQMﬂunm¢mgwhayeﬁor&hmmﬂubsﬁmaanm@nﬁbe a

pol ynmeric substrate such as, for exanp yi m de. The conductjve el enent

can be parfEpydanatoars giclkqsic ip ak?CB@Iuallle%é?%swa%% iNOrFondKeli Yegaeek 9Xidesy esi n
such as an epoxy 1



resin, a cyanate resin, a polybutadiene resin, or an acrylic resin. The

bi nder can al so be a pressure-sensitive adhesive conprising the reaction
product oWVoaeryl2Bw3pr ecur sors. The filler particl esTaseoifioegder
include a core body that can be in the formof a sphere, spheroid, a flake,
or a fiber. The core body can be a ceramc or a polyner and, if a ceramc,
can include silicon dioxide. The core body can be substantlally hoIIow The
el ect ri cauflyacdnaim ﬁ‘gldP ayté?anwhomd@ PQIU@SCadeIaS dtfquﬁtftcélm 94Ha©1}we or

conduct i ﬁé Pc%§ c%lno an1 Iale?ectlrlc n% inc orat o apa t %@ 1be al alljmrnum or
silver. I'fisu atlnﬁl?ﬁ &rocan be gq) 31)8ﬁ Y Eygéﬁ)lnclude
the same Jepbgtiodlccsiqhdie m&hﬁmb@@yconhpbs&@g@neim@ﬂhmv@mgt dior-afugat | ng

| ayer can include al um num oxi de or silicon oxide. The provided conposition

can i ncl deorbingfrazex mhinfdm‘e@ldnaﬂ@@lagmamcas that havalngh disdecirig¢aasiant r| C
net od

const ant reat er. as

covenbl | ARy gl aR e hove il PR R RO R s R

conduct i ificlgh€iinte Aslids 8nfil1Easti GeHIR thAbi8ddrAo Ler Mhigh eRNPUEdIV&risUbst r at e,
di sposing a transparent conductor adjacent to a transparent substrate,

di sposi ngroasfaete seprioeiaht yleaieicifiedd indhe capaditize datice.o t he transparent
conductor to forma transparent electrically-active substrate, applying a
hi gh dielectric conposite adjacent to either the conductive el ement on the
conductive substrate, the electrica@dhnﬁgﬁjve | ayer on the transparent

el ectrically-active substrate or both, and | am nating the conductive
substrate to thSIthmsipaneérdfoeireultaﬁhgmateyia&cusiaﬁé ig plestromt dewocst that haviee hi gh
dielectri el enent .on the

[ adj acent 1 ot.h th ductlv
Conduct | venigh ERelEranRat hE Bt RelR Py OB Sy Fosbe B Bhs par ent
el ectri catibytrded dléb‘?ce'ég@cfhta[sfbfaﬁa&t‘érsf ecRtbReardiishl ﬁ%s&i@svdrﬁ%rgans Mo provided
are displays for electronic devices that include the provided conpositions.

Fur t her nonggrigh end ﬁuwtwe&ieucm@emoempcrmmcdle(MEM&b dencdsuniecrgdloididi spl ays. In
this disc]osure: adj acent” r rs to Iaéprs Which are in proximty

with one SNEEhEFOEGdRY CEAESCRIO, @v 4G epnackiye fewhcs, fiyn increased they; hger
refers tqgeaq mtamh%tﬁf 1R NABRItE lﬁan@f{ﬂ%%amlg hTRBY iP/sSORLdINHASHQE

di sconti nuous, cross-linked or uncross nked and may | nclude voi ds and/ or
a gas; of elect’romlcalﬁwcés foe bierpdert moee dvandmiddl, intanbécrming pradesdeb &t prioduceade by
appl ying heat to a nonnetallic mneral; "electrically-active |ayer"
refers t&uglﬁﬁ9@¥ of material or materials that can interact with a near by

electric field,Ry.di EChn gf%gt?&ﬁ& aicld it Hgiﬁ'de% tfle}}tQﬁgu@Js a&abstrate, a

"el ectrically-conducti ng" ers to na erials having a resistivity between
about 10-dnthwctilve elomonnadjacent to the substrate, a high dielectric composite, having a first and

a second surface, the first surface adjacent to at least a portion of the conductive element;
and an electrically-active layer which is adjacent to at least portion of the second surface of
the high dielectric composite, wherein the high dielectric composite comprises a polymeric
binder, and from 1 to 80 volume percent of particulate filler retained in the binder, wherein
the filler comprises particles that include an electrically-conducting layer and an insulating
layer substantially surrounding the electrically-conducting layer. The substrate can be a
polymeric substrate such as, for example, polyimide. The conductive element can be
patterned. The binder can be a thermoplastic or thermosetting resin such as an epoxy
resin, a cyanate resin, a polybutadiene resin, or an acrylic resin. The binder can also be a
pressure-sensitive adhesive comprising the reaction product of acrylic precursors.

The filler particles can further include a core body that can be in the form of a

sphere, spheroid, a flake, or a fiber. The core body can be a ceramic or a polymer and, if a
2-



"in electrical communication with" refers to a first material positioned
within the electrical field of a second, electric-field generating materi al
al | owi ng woepgy12gmaer at ed by the second material to be Ptcanst@nes$sto the
first material either directly or through a field effect; "filler™
refers to coated or uncoated particles which may be hollow or solid and

whi ch may be nade frominorganic materials such as glass or ceramcs or

or gani c regtaErraias ivgheds slicopaligniae. sThmepreragdsheanibe subytaiadly drbpws Tsach as
spheres, herai ds, .fibers, and/ or .l akes; "l amnate”..or "lam nating"
Cefers iopTLE KGopdusRa R pdbres T meLglpt 86 FE VI mEY ey be in
direct CQR@&C! Mokt PR IRAGItHRe AktadHrAENEmIminO8esiRBO TR indflitafg layer

| am nation; "substantially holl ow' neans enconpassi hg some void or gas;

" non- condydt b ageranaé er s pelymenant ¢aalincludthe srac puterial escthe cerglbiogy.cbhduct i ng;

and "spheroids" refer to particles that ar haped li.ke a.sphere, b not
por fect | yoguodndits, vt B YG G 2F el MIRRED ey dSo SRR Rsa e i1
the need ﬂr@%id@cﬁé@ﬁ%&sltﬂﬁi @h @€l RYusfafleMbaERd thBAdpak eAey 4n cdh BhRCH dikfectric
materials with high dielectric constant. The provi ded nmet hods al |l ow

manuf act woestert grépterghavitgeti4 devi ces using a sinple, economical process that
i nvol ves | am nation of two or r ar of ,th evi ce usi. i gh

el ectri o mprnaeisnectts SgtfBabinet bRy eS R FRHERLEE descr i be
each di sghaaed Eipeemli;MRBhdREivE ¥RIEnt ARARIERLALLTtOTo foid aRIbBERAMvel NVenti on
The brief description of the drawi ngs and the detail ed description which

f ol | ows reobsgrapadisposih@n ipnspaemp Eorfdpcior hdjgtanata & warspiwsdi swbsirate, dipoethg
Description, of .t ti.c of a partjcle

ml uded PPy STUCLPUT e TEER R G i B BB b
articl es.clectricallyfak@%e s&@rﬁ@,%p%?rﬁ?g £hidh ARTRLIE cHhM D 9§ a&int &PMRPARE S usef ul
in the provided nethods. Fig. 2c 1s a schematic of an  enbodi nent of a
provi ded whdudtivorlerncat o theeonductive substrate, the electrically-active layer on the
transparent electrically-active substrate or both, and laminating the conductive substrate to
the transparent electrically-active substrate so that the high dielectric composite is adjacent
to both the conductive element on the conductive substrate and the electrically-active layer
on the transparent electrically-active substrate to form the display device.
Also provided are displays for electronic devices that include the provided
compositions. Furthermore, electronic devices are provided that include such displays.
In this disclosure:
“adjacent” refers to layers which are in proximity with one another—having three
or less layers between them;
“binder” refers to a network of polymeric material which may be continuous or
discontinuous, cross-linked or uncross-linked and may include voids and/or a gas;
“ceramic” refers to a hard, brittle material that is made by applying heat to a non-
metallic mineral;
“electrically-active layer” refers to a layer of material or materials that can interact
with a nearby electric field by direct contact or though a field-effect;

“clectrically-conducting” refers to materials having a resistivity between about 10

to 1 ohm-cm;



Figs. 3a and 3b are schematic drawi ngs of an apparatus for carrying out a
physi cal vapor deposition step useful in the manufacture of provided

el ectroniwoanti/iebmws. Det ail ed Description I n the fPolriuseding28939
description, reference is made to the acconpanying set of draw ngs that
forma part of the description hereof and in which are showmn by way of
illustration several specific enbodinents. It is to be understood that

ot her enbodi neiit slegtrisal commeyntation avidn defgyto irptaaeciipliprsitionereyihinithey f r om
t he scope,or .spirit of th rese { hvent.i on. . The follow ng det ai

doscr pt i riehEpisosRuel . FRARE Tl AR M R B Sh g B8 By

Unl ess  otthe@EsosE@ mafgial &t RAransfelred toTh@ Tl stNRERA 2itAE iRl YHEthfduEA S, fiddrount s,
and physical properties used in the specification and clains are to be
under st ocdfegs being nodified in all instances by the term "about."

Accordingly, unless (ndicat to the contrary.. the nunerical paraneters set
forth inthe f oVEEGelE loaRuRrot BeicdRoRi A duah AR PETRIOER BRLAG: Pt oms
that can wigael nfd9Be Ad8 FronPRBrdalR HRSHE1S Sud BRELst bESerSAKIbE ofclniee obt ai ned
by those skilled in the art utilizing the teachings disclosed herein. The
use of nunaetidabuchasgebmisys ardpay be B Vaniobs shapesasuch as ptherss, sihetvids, t hat range
(e.g. 1 tg 5includes 1, 1.5 2, 2.75, 3, 3.80, 4, and 5) and any range
within t HEt" 4RhY8" HaXeS: — An el ectronic article is provided. The el ectronic
article can i ngdhggted of URRIALE” HIPQE tdWla&ilg Bwé RREMGE IR i BNMpplisd

di sposed. The conductive el enment can be in direcCt contact with the

subst r at dowr; thdy awebe in dir¢dh sostadi stithatre, andihei onddjacent foenp roethdeafteel ect r oni ¢
article Hs %@ﬁonponent of a capacitive electronic device. Capacitive

el ect roni &4é&/PLes include, for exanple, capacitors, actuators, artificial
nuscl es and orggiSantaRhoIEHRE Sbhi hcffassinbY6mEBR or gas; _

m cr o- el ectro-nmechani cal (MEMS) devices, mcro-fluidic devices, acoustic
devi ces, el ect'‘mohynndiesoghtefdratmpmateshle that arv rot clektraaldy-paplectinglaedt r oni ¢
readers, and sgnsors, . The substrate can be non- conducti v terial that
G suppor t o CORGGR PCepdrain SRy pBeabe Al b heran Sobas sl FEaH have a
substantially fﬂeﬁirov%!&{ AE&réHdarfitfs Bfd mk@lobs Rl bRl for ﬁ?éﬁﬂ?&l’ees of rigid
substrates include glass, ceramcs, or crystalline materials that have
geonet r i cdddtrpnrtdebices that feguies diatectrivemitenye nathngsdiofectoppenastaran TaE t he
capacitive elgftr ni.c devi ce. Exaq%gﬁs ofkgl%xible substraﬁes inchge

t her mopl 2EPYEo4 MEiReds gy BenparEstldpe Proviqsd depess using yaplg pegnomiea ¢ |

pol y( net I : i gh or
Pow donsitt oo o e BnindtANOE 0B Kok, R R R AR R FPEReu

pol yet hermsatiflenes, pol yuret hanes, pol yam des, polyvinyl butyral, polyvinyl
chl ori de, polyvinylidenedifluoride (PVDF), fluorinated ethylene propyl ene
(FEP), and pol \istaRQyeHen@gyis a%t;mﬁﬁéedttﬁ@e?ﬁsgb@tea?h figgosed embiodingnt pfy| ose
derivativgs,, héfhéﬁt&%%of ﬂewnﬂﬁwgﬁ%(?ﬁ%%ﬁ? deé@ﬂ@l&%‘ﬂﬂé%@&iﬁ an@nd hi gh
Tg cyclic olef I pol ymers. e supports can also 1 nclude a transparent

mul ti | ayehe dghil@idesédiption(WivEkfolloprsavord partichiarlg @Remplifly iRistladast one
crosslinked polyner |ayer, such as those described in U S. Pat. No.
7,215,473m@Fﬂ€H@H@). pol ynmeri c substrates such as pol yesters, polyacetates,
pol yacrylics, polyimdes, or any other polyneric materials, typically in
sheet or web formthat are insulating and can support the application of a
conductive el ement upon t heBrief Descriptionsofithe Brbwiliggent s, the conductive

el ement can be applied at anbient tenperatures and pressures_as a liquid
sol ution. For Rganisiechepati ofppartichpincludgg in Hlbay pepfulgn seme Rpbedimests off . )

di scl ose i I . i stors made fromink-jet printed |ayers that

i ncl ude 5%@%%%?%§H¥%i%ﬂ?%? conductive elements of the transistors. And, U.
S. Pat. App. Nadgs.20@8d 08 8rtGoHerhdtRedredingh of cathsstleas @ScfDAHE ptovalednk

formul ations that include conductive netallic nanoparticles which are
usef ul agnetBediuctive el enents in el ectronic devices. Furthermore, U. S.

Pat. Appl. No.p. 8/ 807 ) | i use of silver
conducti ve ingggg%l%gééFgg%ﬁ%%ﬁ%ggﬁéﬁxgﬁé%ﬁa@éyg$§g%4%§§Cég%gﬁinents,
conductive el enents can be applied by electrol ess plating nethods which are

well known to those of ordinary skill in the art. In sonme enbodi nents, the
conductive el enent can be applied by vébor deposi tion methods such as
evaporati on or magnetron sputtering. In sonme enbodi nents, conductive

el ements can include highly conductive netals. Typical highly conductive
netal s include elenental silver, copper, alum num gold, palladium

pl ati num nickel, rhodium ruthenium alumnum and zinc. Alloys of these
metal s such as silver-gold, silver-palladium silver-gold-palladium or

di spersions containing these netals in adm xture with one another or with

o, o o o o ~ o Y Y | T T r



Hi gh dielectric conposites are conposites that have a | ow density, |ow

m crowave | oss (dielectric loss), and high dielectric constant. Hi gh

di el ect riwocompasisses can be useful in electronic devi cesT/usaaih/028939
capacitive devices. Such high dielectric conposites can have a dielectric
constant of from about 4 to about 10,000, from about 4 to about 100, from
about 4 to about 50, or from about 8 to about 30 when neasured according to
t he di scl osed kigsBa ged Bodss schgratic dspuingy of ysaipgrat fighcanangeutr physis#posi t es
for the pr.gyi dedsphesth anid At shifru SR JAS A SPa ARESHRRg! | ess than
5.0, |ess PRanPYO" PeBESYREN 0 B EES ThA 00, “and evenfess than 0. 02
when neasured according to the disclosed test nethods. Capacitive devices,
typically, include two substantially parallel plates (electrodes) that are
| ocated cl ose to each other but Defeded Besgrittiong nat eri al between the pl ates
and define an X—Y €hane. The.%rdirﬁction S nprgal to the X—% | ane and
defines the gelﬁét}eao SW}I&({GF%(H) S 1§ eéeléﬁeé%fnlafi% FPePE AW NEESDEnce of an
added di efr@6inkt thalBIrRId sHrt Srahye&Rriptiéh Riradresd if\ddichi 2OsHdwh bycRPR6T ti ve

devi ces can have one or nore electrically-active materials between the

pl at es. litlusteatioppercra npecihaembobmenis. fiiateks walcrtasidhatmthaylenbodendnty so
that an electric field,generated at o | at e. reaches the other plate. But
e s 9 e el <PA g e af oD e Medr R Hgopt e iaiahs on ¢ hat
pl at e angyrésenii@terltloANIhebIeshvihe dbhBePiReipRIrAHRrdfBS istot /) bddké inghort .

The sinplest insulating material for capacitors is air. Air has a

di el ectrilonitiops¢mat of unity and is non-conductive. But the low dielectric
constant of air requires that the two plates i.n the capacitor be very |arge
o area and vearyeitihtR galhurdRH B 5l st SERasreuende. ot or age
or capacigh3fiesl pietsticssed & HESpdcttlaBion Snd@URnd drb kShe MRIRIR & LR N9 a high
dielectric constant between the plates in order to enable the two plates to
be physi oaddificd ardlhestangaby thaterm Gatadut. SwA ¢doedinglgcuniéss ifdiedtel geher at ed at
one plate to su&gtantLally over Iaq t he BtEer | ate f r.hnggr ca citance
or devi cEOMTHYathGmPDSHIFY warepaisre sgtgrth phe ‘E%ﬁ%ﬂ&é lcafit i ot devi ces,
the capacidijny %r@idf%"r&émﬁﬁ&st%ﬁatfcraﬁ% H&ncﬁ‘né ifBntthe abeul p?&y@rt[ets @bu%h"t%n about
5 pmto about 100 [tm from about pmto about 50 [tm or even Trom about
5 pmto dizabtai@ds pnthagaskilled in the arfindizmothic deadhinggtiscdbsdddetein.c Thongposi t € can

act as an electric field ,"l.ens" to help focus the electric field emanating
£ om t he TEIESEL YRS LY SHURING ingyes kﬁvﬁ@ﬁ@ Wit b rangg (§-gch foonincludes

el ect 11 caf iy, ack vy, bayen dfMhnd MierankEARhindhiGaLeLl the di el ectric
conposite’has two primary paraneters tRat | nfluencé the "l ens"
ef f ecti veness AwclettheiEdticieas pmvidedc dhe eleetroniehgcla ¢an icdndt antbsamd t he

dielectric | oss tangent. TQe dielgctrié constant of the dielectric
e g

conposi t éPPAMNIEH e dusaveslepeiivdispeseet $he eanduntivi clementieal be Hydifsst | oss

tangent i . i i hat,..i hssd es not
benefi t f%gaﬁgﬁﬁﬁHk%ug&n#%gbﬁﬁﬁggP?q%%%%%Q?%é?§%$%Hgg% fgﬁggfgggﬁﬁ%9higher
di el ect riatidoissd @mbponant dfacapadifinee dle@todicnauvices apagtive ¢loctidnéc devicepl ane and

the Z-direction on the target layer, up.to alimt. However, if the

di el ect r iiBlaghdorrempte. CHRCE YRRt artiiciyl Musgles apf SrRaphSTRItENYCHYUY not be
ef fici ently f OGHSE 4y RYo EREro W Rani&li Q@I‘Eﬁ\d@%e’v{}%s %*or-ﬁﬁd Vic-gp,eclcgﬁsgig.
dielectric conposite also can cause electric frél 0SS due to resistive
heat di ssdephits,eiccasluagsacemti@tpipeclcbrdtie idkossl papagelettrontorcali@s, andgi ven

el ectronic article there is an optinumdjelectric constant and | oss

proper t y Schioas uFleubsirate gan boggaienjcopauative srasrial ghatgan wepeit 8 CORFUEtiVe e| d,

W th m ni Cl ki i,V |

ol oot i nerk SR R?e(ag%éﬁ%‘g%i RONBAEAL L AELl oMU Bly far urpacd BRGLIAR -
in the Xrigld oafiekiBediBxe@bicodf agidkmbitiesh iadlo¥eglads) b&amidcordirpdtaling i C
conposite can be optim zed for a given application to adjust the dielectric
const ant ra#eriglpthat pawgsametrigally @ﬁ@glspsmf@ﬂeﬁ gt thrgepapaigttires @8 opaintioneofifBed t o
derive r ecsdﬁé tit?vebeeigc%%n?cnde%'c%p%%laﬁl' fes tofﬁ%xi etsrﬁﬁara%&q élﬂ&esﬁ Frﬁ(? lﬂl Rl%ﬁch%rs] be
useful in éiernlnlng per%ornancg Val UES that can be used td esi gn

articl es dnalybgolghisedrecd d.| BETPppi9airiiates \(¢.5 Npblhenapfme@hicyietci MO ¢
el ectrical properties for a given end e application. Thus, one skilled in
the art as, needed can, devise a new test nethod, if desired, to determ ne
the dielectric constant and the dielectric | oss tangent for each specific
vol une of dielectric conposite. An alternate approach can be to use the
test nethods provided herein to optimze the material set and test the
final volune of the dielectric material in the end use application

assenbl y. The dielectric constant and | oss tangent nay be optim zed
to different effective performance levels in the Z-direction or X-Y pl ane,

o o T "



The bi nder can be stable at tenperatures above about 65C, above about 95C
and can be inexpensive to offset the cost of the filler materials retained
t herei n. BOndaw3fedr the provided el ectronic articles caoThS20mo2899@ve
transm ssi ve adhesi ves. The binder for the provided conpositions can
include low dielectric loss (mcrowave-transm ssive) polynmers that can

range from non-polar naterials to polar or aromatic materials. The
d| el ect r inolycgehongies, mbercml@eathlgh @HOWrdeq&ermlﬁhﬁe@ﬁ redyetindencex anpl e 1

GHz, typica ncre £ arif d/or arom
ol yrer " diir il SRR bRt EBaE b BIERS. pREPERk iR, o
aromat i C Bugkel hallySin Béhl&@de% frywhlyhdbntehﬁﬂueﬁ@y(mﬂmﬂae@ﬁatéd &Hﬁleﬁé they are
present at Iom1|eve i ca non- pol ar and saturated nmaterials can be
used if mrgwluex(@EB) @ﬁd bp rylea¢ eulﬁdecﬁndrﬁhqrmesquﬁémsawaé@n%@@ﬁm ons. Al so,
t he bi nde can hav. 0.sign t funct onal,i hat ..absor bs
i or owavereryiifar o Pol e B Ri@ios, F Phea pPEbl el Tedfor 11 o
adhesi ve JSPRILHES. TAB sipporidden Adh arlNRS: trahBfar&deSiiMeS §Ridal®m
thernnplastlc or thernnsettlng adhesi ves. Typical thernoplastic adhesive
i ncl ude, (MO ariided theypomwith ablghgong expssliaded pelymeatityes swah asghosencl ude
nat ur al nt.he er butyl. rubher, nitrile bber s etic
ol y1 sopreteddpy &l s gy st S bsipe)” Boiies st Gy Rt RbRe M onorrer
rubber ( %Do%h&etaeelmk@mce Q)%lyul%ﬂe){' &eﬁybﬁi@eP&W@ﬁb YatdrRianyPi@fil M sheet
styrene-butadi ene random copol ymer’, fl uoroel astoners, silicone” el astoners,
and conbiaratdbdnen thae moﬁsulﬁlfmgw@dlcam herpotshe apphlgataur@‘sx soadugng chenent
epoxy- based ?ghe3|ves such as, for exanple, ethylene-glycidyl
(neth)acr UPPR{E R opol yner s, phenolic based adhesives, or (neth)acrylic
adhesi ves. ThQE%m%QQﬁ%b&ﬁhéﬁﬁ%ﬂ%%oﬁ&ﬂﬁ&%%H%&&h&Jﬁ%éﬁ%b1&1a&ﬁﬁﬁ&hVe|y
(i ncludi ng noi sture-cured), or photochem cally. The provi ded binders can
i ncl ude aempératirgraad purseurseasa liquid seldtiesi Fesxampjy, Eal| Pat. Apgl. Nor yl i ¢

pressure it eS|v r t|aII solventl ess and.are UV or

D ot bl e IR A RRERER oY 8 delosgt Wb AT insidoR Grar et R e 86t vent

m xed w tleJré {hh€incluOBE R HN Rk fdricBRduchve ORIRNA oTRSEIRLR S aXRE, MY ch may
or may not” be a layer of the provided electronic article. The sol vent can
be renmovdtht.yprdNa. AG08/THY6bI flderet ebndisaiaien dendadtdi¢ inkedernsulatioraghat include
cross-linkers that %En be actk¥ateqato cro s-link the binder, if desired.
Cross-1i rﬂeesiu%a.nht %n%,%zam Chrp R SreanHD B Elsa bR SIeCRaNC r eact  at

both endselRegr ﬁr‘é Ibalt ”&' 1. }Yr g0 /0ol @6’750(?%\&5*1% %{‘ﬂ 3@1&%!&9 fAEOCESS

or they can inc e t her mal ™ or p ot ochem cal 1 ni atorg t can

acti vat edisbyf klh&r carductdd mks orelectroluminSalewedisplews aothgt embodiments,

pressur e- SenSItIVﬁH?dheSI es can be mad fronlprecursors t hat fan conpri se
Frell

a pol ar rfSRGwREVE skmeatsfan-bsdprlicdRyRisrtiolesy piatipg mefinds whaghrsaaell kgawn
conpri se,y, e ?iﬁaﬂmaﬁy%av 180 iR Gn 86l e 1?1%5@516?1{5 &%oﬁ&ﬁeh‘v@%bém%hFQa!ﬁode the

al kyl groups o e an average o 4 carbon atons, and a

pol ar co-apphahey vapbudémiltenanstiiddssualt adevapbmtion bﬂmlagtcteronfspmtt@mrrpl e,
i sooctyl acrylate, 2- eth yl hexyl acrylate, butyl acrylate, n-hexyl acrylate,

and stearyl adpype &m sﬁlme&bﬂ eorslyptive demari sareinsludg Righhegandectivegpetalanp| e,
acryllc c in
substit ut ﬂgér§F§J es gﬁgﬁagsﬁgxkk%ﬁﬁﬁégﬁ P$§'§gbgﬁ?&han Qéﬂgyrrolldone
N-vi nyl qﬁﬂa@hﬁ@paﬂhmh£MBBhMﬂb®®nrhuthmapﬂym@hﬁmzb&aﬂmlaﬂkmkaf&w$:

2- phenoxyeth%lacrylate and conbi nations thereof. The pol ar co-nononer can
conpr i sesn¢trls wheibslvar-gdd aperapdpar, sEvaRaMEPYkdiwR, QrriispEFSpsi ¢

pressure- %ﬁ&?ﬂlﬁé %ﬁ%s&g & ¥ GaRESG WG Sne another of Qﬁh%ﬁle}‘ﬁ{ytdlseiﬁ? ?A% dic
pressure-sensittve adhesive precursors mnay al So conprise nu ctiona
acryl at e gmgeysl DthSusbfuMatdrialyrfot &(ﬁidabtlekc‘dléfh@iwcmmml‘sﬁarbrﬁ%bﬂ&i&tlﬁiér
exanpl e glycerol diacrylate, glycerol trlacrylate ethylenegh%;

di acryl at@etam%@%)ﬁﬁgﬁbg$%@ﬁ infligie opidgt @ utmwtletomee BIc oFideetiRacr yl at e,
1,3-pr opa}) th g{hﬁg 4 a%is sucl‘i]'as al]{?ﬁrﬁ Bﬁ@/‘ég fa roBU%lgee EF %Clrd?é (%%%g sta rﬁa%%z o(ill ol

dlacrylate i riacr anetrio rine cryl ate,
1, 4- cycl Qligran@ol, o cathBiahatydmiteredte sl ylatdrial Ofor sulsastey hid €nductive
pentaerythritol tetraacrylate, pentaerythritol tetranethacrylate, sorbitol
hexacryl ate, bis[ 1 - (2-acryloxy)]-p-€ethoxyphenyl dinmethyl nmethane, bis]
-(3-acryl oxy- 2- hydroxy) ] - ppr opoxyphenyl - di met hyl net hane, tris-hydroxyet hyl

i socyanurate trinethacrylate, the bisnmethacryl ates of pol yethyl ene glycols
of nol ecul ar wei ght 200-500, and conbi nations thereof. The nultifunctional
acrylate nononmers used in the acrylic pressure-sensitive adhesive precursor
can conprise fromabout 0.05 to about 1 part by weight of the precursor.
The nononer s and the proportlons thereof can be selected to prOV|de a
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one acryl ate -type nononer and/or nore than one polar nononer can be used
in a mxture when desired. If desired, additional tackifying materials can
be added wo 2bhe12aaByl i ¢ m xture. The sol vent| ess &CTyuS2e1 118839
precursor can be sensitized by the addition of any known initiator, for
exanpl e, thermal and photoinitiators. Photoinitiators which are useful for
pol yneri zi ng the precursor include the benzoin ethers (such as benzoin

met hyl etdhnendy theeepadicrenpeysddphic wevided cleetiande artigles arctsbseiesied fet her s (such

as ani soi n_nethyl..e r) Sty ophengnes (such as
2,2-dietﬁ%%%g%éﬁb%héﬁg%éhgﬁgaﬁ?gbﬁbﬁggﬁggéﬂgﬁéﬁﬁﬁacetophenone), substituted
al pha- ket ol s (ieuehd@sivé cliidiislcad be puaénEd PB P pitepheneRahcand i@t ot oact i ve
oxi mes [such as 1-phenyl-1, 1-propanedi one- 2- ?O-ethoxycarbonyL%ngne].
Commer ci alohguciivaicleansing qhdewvd mrenfutonionconfamrations orihgrppdesss efrealiRGACURE
series of initi tors gggh as]]RGﬁ 651,ra%%&lable fEPgQCib% Specialty
Cheni cal S AFOMIEHELONY B HBURE Y TSRGT 8RS dtiom €rai8 84Syt hat t he

pr ecur sorstiystuRQloy ARbIBARALIIR ONL&K P THY P@ttérf? chige %@Ef@&fﬁsﬁ{gepdtﬂeﬁﬁﬁg source for
the desired exposure tinme. For exanple, such photoinitiators typically are

used in daduntucs bzph a3 roodigenaphoie-replatien [Sepahlatipnpelectt@ubgart s by wei ght
of the tqtal precursor nop rs.. Useful sol tless acrylic .

or essur o-JuBhiIR; BoinedR) BESaT dvapgubedtct o e ng. frojectien pag . nos.
6, 339, 111itRe\akhy? 36 aBrhtdrRQE T e MBI rhy2dnd)inclined lithdPRQIhQP athY PRdg @hd On Of
thin layers of the materials disclosed herein can be carried out in an

i nert at nbepbherasfaedpntovknsubisiate bf ecreerarg Exismosupsteaic mateyiaknown i nert

at nospher e, such as.nitrogen, carbon djoxid hel i u or argon js suitable,
and a smatPHATGACBRUE SRS S P s Taeersrga f R EStE Y bodi ment s, a
suf fi ci enfdn¥fehRgilto Al RBRNRL By GRNoRRy NI\ rBYstpaM&h! RGsidt pAkRls @h the
radi ation sensitized mxture Wth a polyneric filmthat is transparent to

t he sel edtcadadgl fromavivetietly of agdisatriabmiabndcltithen positiacliat napgtivdhplodghsisteat il m

in air. Cood po ri zationp resylts can be attai.ned usi bank of
1 uor es caRtesteunds fghe hie Sellpie Byt Wt Shineen Febfe THEGRIATE r avi of et
regi on i yé e AR e AR RHELEACiRRLRRYL o bARGSs @bt A4TRIBePb rhibadi at i on

of bel ow about 1000 mJoul es per square centinmeter can be used, with

parti cul axpsedetuhorpostd phatoresig. dkiyletchofg dahendude, furiedeadpleyreatteve ion

photoi nitiator selection ang.hhe choi ce of nmoponers. O eh]nate ials can be
bl ended 440604 9B 2RIAUPLYS M2 BigRSPETSY REAA ANy BT SRUBRIEsHRIBRICREGY &5CT- Slich as

Pi gment s,;of BEH R Satterfddl ShOLGHEAREN S bbidhb&T,SdepBRtdy dhddbsiakt €
whi ch selections and anounts do not interfere wth Phe esired results.
The pr ovithedgl e mesk ot bpdseca anntingmethedscr een- pri ntabl e material s as

bi nders. In thig disgkosrre,-thekignnl" creeg-printable" refers to.l ow

mol ecul ar wei ghte BioykisA clesirpris pticdesdpclpdn 3 hgh diqlerdic pRmROsHe (has EHBPHSFES hi gh
enough t . . £ . . . e
particuIg?%gﬁg§§%g§g§f%g§R§£2328§%ﬁggﬁﬁggkgggg%?%gﬁﬁ%?Pﬁﬂgﬁhgggég vent | ess
f or mul at itgmder oHigndikleckeicsompesites chiwincratbimigrs that are thBlracgisstefadhedvesr nor e
adhesive polynmers with or without conpatibilizers may also be used as the

bi nder, pUeYrURY-PHEAdESNPY HAMBIEIRE HINSSIXEH PT & PEPRD-PREHMAAMATabr Oper ti es

for the i J i : il i | ow
frequencfﬁ%ﬁﬂ%gﬂgw a %%?&fggﬁ%éﬁﬁ%§¥%§8gkﬁaﬁo%éﬁ@€%h&?%hﬂgﬁhggﬁgﬁa|n t he
mat ri x mefeardsdHinked bt HaB@sascasitythst @nisfabilaotdigpetsad fitlyrs réthibedwathén it asd

i ncreases as coated filler |oading increases and as frequency increases, SO
pol yner s G PR S¢TegsPriRiRd ONOriatanBpnarfthasrrosidedalereonic agisle. noPyellsrthey are
typically. | . r.co It rial.: I.cat l.oF out 6 to 10
G0, " pol yIFLRRERL cghlerte R E B R s P RLARES VIR Vea” Thus.
t he provicaabightestsofahEndi-idiRbi®e, dIBEUGE Sr ScrePpogible badbssiry gserat er i al
having low | oss fromthe high MHz (above 108 Hz) to the GHz range (above
1012 Ft)ﬁmnwnuﬂmﬁﬂgh dielectric constant fillers for the provided
electronic artjhcl &5, can. wl LSS r%‘%ﬁl&)sfe iR hakaMol elng'ige;‘l(ﬂw%glérgw ody, an
el ectrically-co uéilng ayer substantria Fy encapsulating’the body, and an
i nsul at i ngssl(dieictrad lobHasid g dicrbir coauedti Migh BrletriRCdonpeditdsyag ®Bduct i ng

| ayer. High dielectric constant fiIIer% useful for the provided el ectronic
devi ces can have a | ower density than typical fillers used to increase the
dielectric constant of conposite materials, and do not substantially
increase the dielectric | oss when mxed into the conposite material. The
filler size, shape, and conposition can be selected for a particul ar
application and frequency range with m crospheres, acicular fibers, and/or
fl akes being typically used. The filler can be coated with electrically
conductive material, as described below The density of the particul ate
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In sonme enbodi ments, the particulate filler conprises hollow gl ass

m crospheres. An average outer dianeter in the range of 10 to 350 [ma is
sui t abl e.wOhe1wvi2saye of average outer dianmeters of the nPcraspienesyscan be
15 to 50 lam The density for the mcrospheres can be about 0.25 to 0.75
g/cc (typically about 0.30 to 0.65 g/cc), as neasured foll ow ng ASTM D2840.
The gl ass m crospheres can be soda-line-borosilicate glass SCOTCHLI TE d ass
Bubbl es aweiul dbtlectrongndcsMesatpaaycapstitivegerices vRuchchigh diglegjric eaperasites

m cr ospher es._shoul e str.o nough Wit hst drostat,.c pr re of
2t eant ABDuT EReRE PhUG0% R At Aatio R BN LB ARNEY G aPig OY!

si gni fi capdrh ¥béui Lty aBsut SO7 iShG aBb@IIBRBEIEED Wik a8 arddRecsaimpas tice
mat erial density and do not contribute to the desirable | ow density, |ow

ni cr owaveliscdessd fashmgiheds. o ddiiengllye useful highdinteciaic. conppsiSeBNChE PRFiIddas s

Bubbl t hi s,.gbj ect, T K37, gl b
densi ty oryot Fidet EaYSloen BEEGHEREEE A3T S B8t Pl ISR F8S st aci o
crush strgngdh, £ld 3RRQs Mah 0(020wHenVRedsuMdtddcstdingt@ e @blosed st Rbth3A%0 and a

m ni mum survi val of 80% Even stronger mcrospheres may be used, such as
S60/ 10, 0CPSCOTCHEVITE, Gpis By, Badhdletsvoniubstantinliypostliat pletes (ledirosies)shajtare of

10, 000 psi (68..9 MPa) .a n_aver.a di anet er. .of abaout p t hough
these haveedtbs g iatapad B AT G GTeth Rk the pits B g3 B o
filler catyopGHRYTAd 2RO is hotral 3P B1tX BOpMAd MIEIPRES BRlgen@hl difeid@bout 5
to about 45 vol unme percent or the high dielectric conposite. At |evels

bel ow - 15f thddetrid figll inttee dheenvernt anoddidghéltitoamatahabhgecemthelpdatel. el ectri ¢
const ant .Lhe conposj.te,material occurs. Levels above. about.80 vol une
per cent . AR OB AT 4 e SHL RS RS B TRODPHIL F STCTA r |

mat eri al gegy&life blRs C AP ASHSrEinMMaeht o HRAKINRIosc Whbdkhhbghndaadh1gs of
particles, the adhesive conposite nmay becone |less tacky. Th a foanmed or

st ar ved matiixficld igpogiated at enesilgnirddchenthe atheuplateoBut itas rlsorainpontegt 8t vol une
percent can Re air.or anoth?r ﬂas” Enbqdi nent s havingﬂé%llgr olﬂpe | oadi ng
factors iMYCRESAPYIEP FhANcdHaE REnHangR My piRteAnys PHdTardierst Fuhgeper

m cr 0SPhefi s thif-cBeatind 9+ 4brPOGhe kAnAYQ itk uS @B It 4t GRN Ed)capAtRob is BE. Wiehas

m crospheres when neft processing the conpoSite naterials. If the

parti cul atdelestrin@bndtarh ef emty andek @ot-cowdictiye.cButdthe tawdieleatric constant of air

el ectricall y-conducting |ayer, at |ea t‘par ially surrounding the particle,
can be prigWiEradnat the twoplpfegndhe P?H?&Ht?rjlec GRABES D ar@sativRY Ay dPeih The
provi ded i i . i rround
Phe ti 11 arterty R TRRERHR e ARkt Sepebhcfanld e O B LEL: KBS, of

t he surf anstciaslebaviag a hehsticldGec obnstdne betuwret@ate pdatesin avderad chabdsthe 9080 of t he
surface area of the particles in_the particu] at e, average, is covered by
the el ectM3tgio '@ﬁ-@dﬁaﬁ{ﬂ éavher&@aftibﬁbt.o a%ﬁ@’ tar & P‘i“icc%?({] gt glateter can
be in dir 1 : I : filler. ar it can
be. adj accnr ity S5t Y JRG G IR MRl clEiRRE bk BUEC BBl ¢ T

t he surf abpicatlyfihehppiotidel ekctrodibdevibay theapdcypicqadtby canrisufrat inbgutl5ayer s,

can be between the outer surface of the partjcles and t

he
el ect ri cdPRYOEFNY wE: ity phgubp Hovipeabope G i glirpm abovfuieh ity abQus af iy or
material s e o ' i frequency range of a particular
applicatf%%ﬁﬁfﬁ%?ﬁ%%?@“ﬁ?%%é@??égggﬁgf wetting the surface at the thickness
used, | ow costThegndvidbehigh didiedniid ¢dnypmdite tireadiat e elattric Tigpl ‘dads’yo Atlpm num
stainless steel, silver, titanium and tungsten are utilized.
1

A
di scont i rfaeisshe alpeic dreldgragnating &onythe sprelnchy nelermartapithg X-Ynlane and the &ur s
when t he goati f synface .c . . d] iC
const ant SEACE IRl ARART O (082 U2 Ry A BMERIQRIELTERE D
f r om abouias bwé pribe; pranasetseha ifflighcd er tenby pifetilvbiest fermh@baut 10 to 100

nm for conposite materials having |ow | oss in the m crowave frequency
range. Lapeosnyueotheshlestria oonsant pid thiidiglersidelosy wnggsi dhe diekactricoimaptaglensi ty
conposite terials. . Far hve i Z ille Lghke, the i ckness
and type it feleBrlcompesits s RelintRheiafl ki Bin At B Sme fEiobEr < T
the | eveltagfentisel edstiic®riRsdecttit fibRAIhAQSHisEipatbd ath@des wer Yereht the@at.i Ngs

|l ead to very high mcrowave | oss. Wileg not wishing to be bound by any - 16-
particular theory, this is believed tobe due to coupling with the electric
field of the mcrowave radi ation. This type of mcrowave | oss decreases as
the electrically conductive coating thickness increases. However, as the

el ectrically-conducting coating thickness increases, mcrowave | oss due to
coupling with the magnetic field conmponent of the m crowave radi ation

i ncreases. A mnimum nm crowave | oss has now been achi eved at an
internedi ate el ectrically-conducting coating thickness, at which coupling
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The provided high dielectric adhesive conposite can be conpared to a
reference conposite material that is simlar in conposition to the

i nventi vewoannoresise naterial. This reference conposite maTarse@l/oesme ai ns a
sufficient quantity of a titaniumdioxide or bariumtitanate filler, or
anot her suitable comrercially avail able m crowave transm ssive filler, to
provide a dielectric constant within about 5% of that of the inventive
conposi t e nat dpiggheral, ggmpories With kit ipercesdrpsheraliotegte penstans pamaforsss thhe
fillers he pr.esent. inv ion. T vided ¢ Si mat eri al. t.ypically
nas & dentsid PRrEUERERR B ST Ps el et BR T O SR bR i Blimt et 1 &

materi al Héwdicgaf Iy di@&srié baRtaibdhthe compositent OB HRAAWOBEL Snaytdoebéi | | er
material for the provided conmposite can be 3Iass m crospheres with four

proper t i exdficignilyefogesedibyahd Yiewsoebaetantbe desed dghL. aTlrohgl distactriceanpppsite

conductive | ayer encl osi he el ectricall ondycti ve coating; |, ow

densi ty: nfgryearate B S ahe Forebhifohd FRORURTA RSBl feadd

m cr osphasgent. N, fhovEvay8BcttNEirtidRABE Ys £A5htiRLER dRE BT AYRA: dnd 164ke

provi ded conposite. Non-el ectrically conductive filler particles such
as gl ass mostydmeasured 4 loss tghgens) thatthelns fean theclegtie ddldaimith reintrhdldosyet al
filmby any.useful ans, .such as by conventional coating techniques. These
techniqyé?xpﬁgﬁﬁ%ggﬂgﬂ§§F53'fvapor deposi ti on methods such as sputter
deposition, evERAfigh H¥RcERALh{ER BRPoSAL RRAI oL #H& infR8kdE the BRBI & dcld/ apor
deposition; and solution coating techniques such as electroless plating or
m rrori ngn thaXg¥cdndcadecctipnep defioal abonts Thipe theak@pcttio cemponite cihat t he
particle surface.is properly .exposgd to t.he netal sour spo that the

ar 1 ol o LY T eBeRRGP IR Sl 6 GSeRE cOrut FRESSS okt 1 m

t hi ckness;iguBpicailyeflst MRthof¥ 8iPbEuscl b SRNEEulEBRRIdni dApeciBBidst flegDdcan be
stirred under netdl vapor flux in which the coating thickness is controlled
by exposuand théspeesatisicabdpogiafilon de@treininypdrfosmhbiatei vafpes st cmmgbaresgdb@ pr ovi ded
inasim]ar proieﬁf,.fo.lexa | e, q¥ depositing netal. with concurrent

addi tion 1g8>'i‘§i§° T3 Mg gqtef RO tHat R ALt WIQLOpLL, %C.mca_ A
conposi t &, FRL-ELd B a BRYn R L B ciion TER BRY &lillQPinttheat 9athediaaLy) cl es into
a thernmoplastic naterial. This can be done by any useful nmeans, for

exanpl e, deyispeineivrigst nfeehddh érdvsipddasd dacmebethealiclentde neshanhambthe diatécxiag t he

coated particles |nto.the nelt. Typigcal equi pnent for such processes
i ncl ude 39%%@%%@% R AN S MG B‘Plgl?\?ﬁltéhA&r%@E?%e YRt cohs ar e

typical | y,.G fhe RALE thet AL pfdifd & (P&tinhi ﬁérﬁ‘a{t id1Ed MRS Yh 1
uniforni%mb g%%eg %ﬁte thgpthefﬁggfasf?%{ ﬁﬁ% e no?msggferi%% mechani ca
damage suoiumasofthe d&ilairiomateriakcihuheendize apglsaatibn agembhyposi te materi al s can

be shaped into_a final article by any useful neans. Examnl es such
articles includ® Jl%lﬁ%g CORERNS Path S@ﬁg%ﬁ%,bem@%ﬁdde@gfgﬁr% egfréeth‘fﬁ ques

such as ipj j [ : t A
continuod£*§%%??%l%%#gbggz%?&ﬁﬂgﬁl?ﬁ%ﬂg@%ﬁgggpg?i@ﬁ??ﬁgﬁQfggg b§€%%tially
enconpas specibiy apleatiods thx divhicaids @bmpbdite daa haubs tehvciral constatsof 840 25 in

di sconti nuous. matrix can -18- be fornmed with | ower quantjties of matrix

mat eri al HhEnY P&eg 2ne e losscgireniRfoud> sad pidielectiecqnstent ragigedron H18P0 can be
bound to [ j [ ] ri - ' normal |y
cannot bgﬁ??§%% ?ﬁg%ﬁg#§§ﬁghﬁ§#§gﬁﬁgg#fﬁﬁagxﬁgg'Pﬁgﬁ%hgﬂggﬁkggkﬂaterial

A net hod ohstastsd i disigctaicdbspbsie dewhseniasadd 607 ps BVY deX-Y o girlonildsd

met hod i ncl udes di sposing a conductive el enent adjacent to a substrate to
form a condfeen V¢ tedpkkoranere. Nibe fese sangentding glseivaty 18 adairioks fvE-Erefekt

whi ch may, af t | t .0 v, I SGUS: ove.
The. pr ovi A2 ot Hog 1arS80h e ey oy HlS A e Wiife BEF R pBLARE RSO

adj acent to a THegit6wdéEhigh slidhscri@t@npdittOsamaat s mnd@atiefitld “lens” to help

el ectrically-active substrate. The transparent conductor can be applied

adj acent facusithpslsetrisdtclsumanating &opythy ﬁ9n(i’)ﬂ9‘&ﬁ% clRmENNE\PrelRgHE tovaiss dichar y
skill in . art d. i ncl e . et S . di conducti ve
ol erent " Al Sy A0S BTG A Bl AR R B ek e ERER S R
conduct orth€ aelIh&e Strofdy UALRd targe(ctietraatyhbevd) 18086 PAsRcr St BRtdidtarit ncl udes
glass. An electrically-active |ayer, a§ defi ned above, is deposited or

di sposed adjacent to the transparent conductor so that it is at |east
partially in contact with the transparent electrically-active substrate. In
sonme enbodi nents the conductive el ement can be disposed directly on the
substrate, the transparent conductor can be disposed directly the
transparent substrate and the high dielectric conposite contacts either the
conductive el ement on the conductive substrate, the electrically-active
substrate or both. A high dielectric conposite as defined above can then be
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t he non-conducti ve body, a glass mcrosphere 104, which is holl ow and

encl oses air 102. Electrically-conducting netal |ayer 106 substantially
encapsul aveonan3mwenduct i ve body 104. Insul ating | ayer PO8/USeHIilobBIBS a
non- conductive netal oxide, substantially encapsul ates

el ectrically-conducting |layer 106. Particle 100 can be incorporated into a

bi nder as a part of a high dielectric adhesive useful in the provided
el ect r oningpptiafthascampshetttieribichi then hedpldhamight pot be efficiemjlyabsorhgddyd 2b are

schemat i dr,awi s af, co nents. useful in the, provided neth | n,one
orpon oné AR 31 fP TRROERN Biot oG b orhsleE s B ST fTEHIGR 1ok lal®
subst r at ao 2684stivh BBat\WNs§AtBRASSH,HBNa Biveperetbdit afsRahentis aAedpimexi de | ayer

204 (indiuntin-oxide). Conductive substrate (Fig. 2b) has patterned netal
conduct i whcle¢tepeonstant andilosppopertypaeasticd b tsise tangeithihet kelpulosuy the eleptrz

(pol yi m N .sone .e di nent s).. .Patterped, netal conductive el ement 214 and
t he portﬂ%ﬁ%‘gﬁl?ﬂgnl %@%f ?gaﬁg?ng% é?gﬁab’mbatteyned metal conductive
el enment 214 ar g iCR¥BKBSWMRS tsePoliindth 84 BGhIRioss @MIEHNG bERTBR Sdfagitidd 6.

Fig. 2c is a schematic of an enbodi nent of a provided electronic article
(el ect r olpkaten el seahso ko tR@OY fillarswiaivinlg highadislsatrievonssinde tar the aplyynescini ve

bstrat Fig. 2 . I i t t duct i bstrat Fig. 2b).
The el ectP B e neree 1 AEuHe PMERGo e b PRIRL FHERHE: df SO ve
el ement  Zldotfdb $PORRILCHBARs HidRStY, #bexample, I MBkdhigh afddchic @hiR3itvefosoNposi te

216 contacts conductive substrate 214 and el ectrically-active |ayer 206
whi ch i s wcphospltrs byrnams paelymer biodcduasiddnglodidletirednenganic filloxdrdegtal s

di sposed on_phosphor | ayer 206. Transparent conduct 204 i s di sposed
upon g1 adiREr ERORSRER: poftrs GhdeaesRa SRR ShuIREREGHGheBidhd g ang

met hods GARoRENIJUS yRPS AL &Gritdlly QLo HSRIn@ A6V G8&h dshRbuk heRE &GS on

el ectroni c devices. "Exenpl ary él ectronic devices include actuators,
artifici aloamgstines beald cortians{acs nhfor axamptd, glass butdlst Adtrnatiesly, the
nicro-electro-HEfHanical IVEMB) . devi ces, nicro-fl?idic devi ces,. acoustic
devi ces, RAFUHADLIRH MATINE 2 COPRIOULFALPE ShFICCT G DA Yaig TaElidct r oni ¢
readers,;ﬁﬂgmﬁﬁm?%ﬁﬁmumﬁngac&?b@&&scé%%oéggégiﬁ@ﬁﬁc@ﬁm§9ﬂﬁﬂ&ﬁ&§&hkpn are

further illustrated by the followi ng exanples, but the particular materials
and annuﬁﬂ&nthénebfﬁh&sktedﬁbnrghﬁsnkmw@h@hesmmaﬁcgegm$§$h@bhb;ﬂ@@ﬂdftions
o e oA ot ol S Bl B Nt i S VS BiAOBi s
high di el Eel! Cordbddi@lcan bl sbilfoiABRLER A RIIPhaRSy P HRESIRLy ddfiflcs/ ceram ¢
m crospheres coated with a highly conducting metal [|aye irst and an
el ect ri cahityrialn sehaleisiigoh dyoexidd, bartivre ticanber andlitesiencdiakidagfomerce produced by
t he physi cal vapor deposition of respecti netals., Other fillers such as
et al Parqorrm%lé% mfﬁ?aaléa 56&;@&%& %i %IP_@E@C rf\ée?z??@a%tm l?giﬁvv@ffneté? Veal | y
i nsul ati ¢ Gl - @ ¥% AT osition
to proviggaﬁygﬁﬁﬂpgrgﬁpgyc g%%§t£ﬁ¥%$i$%é%%. }Q © AN apﬁgﬁgpgéngﬁg for
carryi ng topd, thenfélldPWhapel thediifer bige, shomicrowatd fjsquedey, andlthdlmicivevappabat us 310
i ncl udes a housing 312 defining a vacuum chanber 314 containing a particle
agi t at or BABOIYMREC RRsianglt 31350 eantepplaty e theedertmeadlicaRduativePAticical | oy i f
ai armet ey )00 PR EL bR b KA A 0Bl RIS bR, sl BRI Ve
322 fol | daethgly cteciricatipacdhdifctiag tiyepasthe 324r asfasebf thaparictaipPabdn 326 for the
particle agitator_ 316. The chanber 314 is capabl e of be;ng evacuated to
g:iuzz kgr O:Jrflﬁ‘rttﬁl%ss‘gd"fbéés qtr% letsﬁ éorrtamgg@teé[as f@LeEp?raﬁl.es lfor (;he 1im?@63§igcfﬂmf he h ous |t g
inc abl e, rubber L-gasket sealed plate at is fitte
with an g& %?%% Sﬁgﬁﬁt for dc magnetron sputter deposition source 330 (a US
Qun I'l, US, | NGehiJadiclkost, cobybsitd ittxdeebinaet Cheddfct Sorfirspeniidd aigret al
sputter target 332 (13 cmx 20 cmand 1.25 cmthick). The sputter source
330 i s poWRlpetic BYheaiveNpRPOSiigEGARD? BRSO of  PRlyaRte Mmamial-olf Céhbfust r i es,
Ener gy 1 800 REnd Flinthls S0iabi R0 B BABRGSR g TR WU, L0Y 316"
actangul ar open G 34 (10 8 emix 13 e Tt Re Lo 336, Thertpeni ng 334
is positioned 7 cn1directly beIOM/thé'éﬁ?face 336 of the éputter target 332
so that sputtered nmetal atons can enter the agitator volunme 338. The
agitator 316 is fitted with a shaft 340 aligned with its axis. The shaft
340 has a rectangul ar cross section to which are bolted four rectangular
bl ades 342 which forman agitation nmechani smor paddl e wheel for the
support particles being tumbled. The blades 342 each contain two holes 344
to pronote comruni cati on between the particle volunes contained in each of



-21- the four quadrants formed by the bl ades 342 and agitator cylinder 316.
This particle agitator can hold up to 2000 cnB vol une of gl ass bubbl es or
ot her sub®OratwR326¥ypi cal nodes of use of this apparat ugCans2desesisbed

bel ow i n the exanpl es. Powder Electrical Resistivity test The vol une
electrical resistivity of the coated particles was neasured using a test
cell build in-house. The test cell consisted of a DERLIN bl ock containing a
cyl i ndri ceie té@dﬁftc?nw sthble ﬂb@@m@é‘m‘v‘ﬁ)@b%fﬁ a‘?_OlU 681D, abprrealinwt Py ard qendecavi ty
was cover.ed b ect.r £ ode cn cross
sect o trawstfy R RS frreh THE L b R R (O Ui da b gar ol s
to be tesreddveeiectfdlid @éclch cddise ﬁ&vma/vettﬁan@m&sﬁmabh@mefsr om the bottom

el ectrode. Then the brass cylinder was inserted and a wei ght was placed on
top of the braBw iydarherehe erdeﬂmmppﬁéowntl@@udqﬂpw dl@iﬁ@gg lose is 18 psi
(124 kPa), on the growder cﬁlﬁlﬂdes vere connec &) g” g’{lt

mul ti met &P PEVRESERE PRy @P%Yﬁ%eés 78 o F‘&HPS? |P8 B 12GeS PPE Oheasur ed
r esi st anGRorhstiC@bicvals € Mhe HRIdHR: WY MBate€HL 8t Hi¥h fr)éq&fncfelﬁ' Sudpadst fog! es.

Conposi tes contai ning coated particles Polyethyl ene conposi tes The
coat ed pawxeinplees Gz, éym@dilafdnqrgaswmtb@bslmarrm land/oparoyatipigy @ﬁtée pOIZNGAGE

8200, Do a_Br abend bat ch m ained at a te re of 160C.
The comdbddEe facid SRR SePanmnieh FEHThE At ubeb FEBBIFeR Sy B ot at i ng
bl ades atys6fl PRk bRIvi@RIRLMPoSBbE! f tHS aT@ B bt RS lefelb.| Bypitdllymh&-pbiae
conposite was formed by first placing ten conposite betweén 2 p| eces of

pol yest eranlisptgrat¢combitorints gaiBb¢ nsedrif kigh diwelsmf biilder snded othamveledsequent |y

pl aced between. .2 al ymn |.ates.. The ol e as th serted into
D heat ed hoationat Babd it Ebiodd gyt neS el Rt Mo fishdn | i ana)
and nol dea@sérggﬁn@fot,vg@gfrqueﬁh@ a pressure of 1000 psi (6900 kPa) and
tenperature of 150C. Shinms were inserted between the alum num plates to

cont r ol the tﬁl"ltckhm@s fmftheamlcbdﬂrqlgledleléamh adbﬁrmslone)oﬂutdsmahacthaiedl anet er of
appr oxi nma 18 a thickpness of 1.0-1 0X tes:

Bhoxy comiBTt s Thera s P B CBYCEROS S AT Los P Blvcon,
Danver s, t%%noglﬁ@ﬁ&‘@dﬁ’é@fv@ hic1®e, Rk SHpRakItIngdICRINRNed N0t 2dIBLdheGROX Was

m xed thoroughly in a plastic beaker vvlth a spatula. After 2 mnutes the

m xt ur e viaslugonated! arsyatheet eddbers| butgl rubbdérciitwa suliblessc eyhthnqumlmqpmmu m

pl ate. Anot rel ase ner | aced qn top of th and an

al umi numSt Q?I@ prgﬁ‘f %E#%r ?t%ﬁ E@pw&n% e ongesT Fubget @ﬁ%ﬁé The

sandwi ch f ed at
nﬁﬁ%%%m'léﬁe 1bRES ﬁémﬂaﬁlgﬁ? N (IENE! bulaﬂi%n@& %rexf%gﬂ |

roomtenperature SS re o I\/Pa was appl 1 ept for
a m ni nurfiwkodladhmuiers, sﬂamhe chsposty, endladnlandlcmmheeeofofm;ﬁcat rheamdscatiighi ckness
of 1.5 - a%ih(e)snrfgp can be epoxy-based adhesives such as, for example, ethylene-glycidyl

(meth)acrylate copolymers, phenolic-based adhesives, or (meth)acrylic adhesives. These

adhesive can be crosslinked thermally, reactively (including moisture-cured), or

photochemically. The provided binders can include acrylic pressure-sensitive adhesives.

Typically, the acrylic pressure-sensitive adhesives are substantially solventless and are UV

or visible-light curable.

The binder can be formulated in a solvent, mixed with filler, coated onto a liner or
onto a substrate layer which may or may not be a layer of the provided electronic article.
The solvent can be removed by drying. The binder can include additives such as cross-

linkers that can be activated to cross-link the binder, if desired. Cross-linker additives can

include difunctional molecules that can react at both ends to cross-link the binder during

-11-



Dielectric Measurenents - (Used for Exanples 1-5) The dielectric
properties of the conposites were neasured at roomtenperature (23C) using
a LCR netwo 20Mbidade372- 960, TENMVA, Centerville, OH) at | @arfUsegquaes9ses up to
1 kHz. The bottom el ectrode was a 10 cm di aneter al um num plate. The top

el ectrode was a 4 cmdi aneter alum num plate. The plate thickness was
1.4cm The bottom el ectrode was connected the negative end, and the top

el ect r odehgeentivsane enere procesher gisyicen inslude tharmal orgthotasbemerl ttagers that at

conposi te_sanpl.es [ aced. between the el ectrodes. A weight equival ent
of 18 psfa?%ﬁimyﬁg¥ﬁ®§F%£mﬂﬁ wﬁ %ced on top electrode to exert close

contact bet weelbidhelcql REtIcqEGSuRRAndifie: SARBTIVE QU aeRlc flhe prreds o ekht
capacitance (in picoFarad, pF) was used to calculate the dielectric

const ant @R romprishepelanporemer andiamgntidarfraenemes, Thewsripelor monpragecag i s t he
measur ed capacitance iT pE, d.is.thq:thgcknpﬁs Oflthiﬁélaﬁgin neters, Ais
the area QfPEPGLE SRR AT SFHRACH SECEP G SHELalgphol B allyl groyep Oy ™ et er 2,
and e0 = BiBPhxvelddledefalBbf EBoAIRIE 14 caB6n Q@ﬁﬁ,%@d%a@@&mﬁ@ﬁm Suitable

Commercial |y avail able high dielectric constant ( filler was used in the
Conpar at iageyli®egidpistess inglade.dBr esembé, tispogtyl eerylaty, givtldilledxgbaaryletecnisl ant  of
-1200. BaTi wa rchased from Ferr.o rpgration, Ceveland, .OH  638.46 ¢
of 3N SCRFOILTTEreB0 G AL B T Eo g PBRGRaPP A (SrE ORGP N4t or  and
the gl assopslRs 2018 a6idah @ atfide nRtHAGH I ALY itRRHIctRId, d&RES bitsAfted POWEr
of 3 kWwas applied'to the target and the coating was carried out for 24
hours. Theryddrardbesuchas directhgdcrylanhdaiN-vagt2-epysredildong, N vimyByapodlactiie, sanpl e

el O SR A ST B ML 5
oW of 3 B o Y Tl By PB Ty o Enr Bluced
t he i nsulth¢ ropli¢ prgeurc-Tmeitiv\@l 2B IvE/pIARIBOHBPCT/ US2011/ 028939 chanber was
;ggagdBSng;ggﬂ%%reHeg‘hees% a\cl\gl[ig plrre%sr{g\e/-%gﬁsit-il;fgead es?éeu]grgcdurgo%\sl\%%gl a{sce)sclorsrfplri\s/el ty was

multifunctional acrylate monomers. Such multifunctional acrylate monomers include for

example glycerol diacrylate, glycerol triacrylate, ethyleneglycol diacrylate,

diethyleneglycol diacrylate, triethyleneglycol dimethacrylate, 1,3-propanediol diacrylate,

1,3- propanediol dimethacrylate, hexanediol diacrylate, trimethanol triacrylate, 1,2,4-

butanetriol trimethylacrylate, 1,4-cyclohexanediol diacrylate, pentaerythritol triacrylate,

pentaerythritol tetraacrylate, pentaerythritol tetramethacrylate, sorbitol hexacrylate, bis[ 1 -

(2-acryloxy)]-p-ethoxyphenyl dimethylmethane, bis[l -(3-acryloxy-2-hydroxy)]-p-

propoxyphenyl-dimethylmethane, tris-hydroxyethyl isocyanurate trimethacrylate, the bis-

methacrylates of polyethylene glycols of molecular weight 200-500, and combinations

thereof.

The multifunctional acrylate monomers used in the acrylic pressure-sensitive adhesive

precursor can comprise from about 0.05 to about 1 part by weight of the precursor.

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

monomer and from about 2 to about 50 parts by weight of the polar monomer co-

polymerizable therewith, the sum of these being 100 parts by weight. Typically, more than
-12-



Epoxy conposites were prepared for a filler concentration of 10, 20, 30,
40, and 50 volune % D electric constant val ues were neasured and are

i sted bewowoim2¥mbl e 1: Table 1 Dielectric Constant of PEpaxgoiCorsyesites
with Ceramc Fillers Epoxy conposites 0% 10% 20% 30% 40% 50% BaTi O3 powder
filler

one acrylate -type monomer and/or more than one polar monomer can be used in a mixture
when desired. If desired, additional tackifying materials can be added to the acrylic
mixture.

The solventless acrylic PSA precursor can be sensitized by the addition of any
known initiator, for example, thermal and photoinitiators. 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 2,2-diethoxyacetophenone and 2,2-dimethoxy-
2phenylacetophenone), substituted alpha- ketols (such as 2-methyl-2-
hydroxypropiophenone), and photoactive oximes [such as 1-phenyl-1,1-propanedione-2-
(O-ethoxycarbonyl)oxime]. Commercially available photoinitiators include, for example,
the IRGACURE series of initiators, such as IRGACURE 651, available from Ciba
Specialty Chemicals. An effective amount of photoinitiator is used, such that the
precursor is polymerized upon exposure to the appropriate light source for the desired
exposure time. For example, such photoinitiators typically are used in amount that
provides about 0.05 to 5 parts per 100 parts by weight of the total precursor monomers.
Useful solventless acrylic pressure-sensitive adhesives are disclosed, for example, in U. S.
Pat. Nos. 6,339,111 and 6,436,532 (both Moon et al.).

Photopolymerization of thin layers of the materials disclosed herein can be carried
out in an inert atmosphere, to prevent interference from oxygen. Any known inert
atmosphere such as nitrogen, carbon dioxide, helium, or argon is suitable, and a small
amount of oxygen still can be tolerated. In some embodiments, a sufficiently inert
atmosphere can be achieved by covering a layer of the radiation sensitized mixture with a
polymeric film that is transparent to the selected ultraviolet radiation and then irradiating
through that film in air. Good polymerization results can be attained using a bank of
fluorescent black light lamps. Typically, radiation in the near ultraviolet region in the 300-
400 nanometer wavelength range at a rate of irradiation of below about 1000 mJoules 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. Other materials can be blended

into the radiation sensitized adhesive precursor mixtures, such as pigments, tackifiers,
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reinforcing agents, fillers, anti-oxidants etc., which selections and amounts do not interfere
with the desired results.

The provided compositions can include screen-printable materials as binders. In
this disclosure, the term “screen-printable” refers to low molecular weight organic
oligomers or polymers that have a viscosity high enough to form stable dispersions when
filled with high dielectric particulates as described above. They may be screen-printed as
solventless formulations or include solvents for coating.

Blends of two or more adhesive polymers with or without compatibilizers may also
be used as the binder, provided the resultant blend has sufficient mechanical properties for
the intended application. At low coated filler loading levels and low frequencies, below
about 1 GHz, nearly all polymers will function in the matrix material, even those with
significant polarity. Microwave loss increases as coated filler loading increases and as
frequency increases, so polymers with less functionality and less aromaticity and no
polarity are typically employed. For composite material applications from about 6 to 10
GHz, polyolefins and polytetrafluoroethylene are typically employed. Thus, the provided
electronic article includes a composite adhesive material having low loss from the high
MHz (above 10° Hz) to the GHz range (above 10" Hz).

High diclectric constant fillers for the provided electronic articles can include
particles that can include a core body, an electrically-conducting layer substantially
encapsulating the body, and an insulating layer at least partially covering the electrically-
conducting layer. High dielectric constant fillers useful for the provided electronic devices
can have a lower density than typical fillers used to increase the dielectric constant of
composite materials, and do not substantially increase the dielectric loss when mixed into
the composite material. The filler size, shape, and composition can be selected for a
particular application and frequency range with microspheres, acicular fibers, and/or flakes
being typically used. The filler can be coated with electrically conductive material, as
described below. The density of the particulate filler in the inventive composite material is
generally below about 3.5 g/cc (typically below 2.7 g/cc). For some applications, a
particulate filler having a density below about 1.0 g/cc can be used. The desired dielectric
constant of the composite material for a particular application can be determined by the

type and amount of filler used. As the desired dielectric constant increases, materials well
-14-



6.3 7.2 9.1 12 Exanple 2 The followng fillers were prepared by
physi cal vapor deposition of nmetal and nmetal oxide coating on different
si zes of WW2gl1a326Bubbl es. The conposites were nade in poTyESkéngloesydd mat ri X
and the dielectric constant values are |listed belowin Table 2. Table 2
Dielectric Constant of Polyethyl ene Conposites with Ceramic Fillers PE
composit eksnox())v%)i% (‘312? art made with titanium dioxide or barium titanate filler must be made with

greater filler content and increasing density.

Acicular fibers may comprise polymeric materials, or inorganic materials such as
ceramic or milled glass. In some embodiments, the acicular fiber is chopped strand glass
fiber (available as FIBERGLAS Milled Fibers 731ED 1/32 inch (762 pm) from Owens
Coming, Toledo, Ohio). These fibers have an average diameter of 15.8 um and an aspect
ratio of 40:1. Mica is a typically used inorganic flake. Typically, mica flake material has
an average density of 2.9 g/cc and an average surface arca of 2.8 m”/g (available as
Suzorite 200HK, from Zemex Industrial Minerals, Inc., Toronto, Ontario, Canada).

Hollow microspheres are typically used over fillers traditionally used to enhance a
composite dielectric constant, such as titanium dioxide. Such microspheres can be formed
from glass, ceramic and/or polymeric materials. Generally, the material for microspheres
is glass, but ceramic and polymeric materials are suitable.

In some embodiments, the particulate filler comprises hollow glass microspheres.
An average outer diameter in the range of 10 to 350 pum is suitable. The range of average
outer diameters of the microspheres can be 15 to 50 um. The density for the microspheres
can be about 0.25 to 0.75 g/cc (typically about 0.30 to 0.65 g/cc), as measured following
ASTM D2840. The glass microspheres can be soda-lime-borosilicate glass SCOTCHLITE
Glass Bubbles available from 3M Company, St. Paul, MN. Generally, these microspheres
should be strong enough to withstand hydrostatic pressure of at least about 6.9 MPa (1,000
psi) without the microspheres being significantly ruptured. Crushed microspheres increase
the composite material density and do not contribute to the desirable low density, low
microwave loss features of the present invention. K37 SCOTCHLITE Glass Bubbles meet
this objective. These K37 glass bubbles have an average density of 0.37 g/cc, an average
diameter of about 40 pum, and an isostatic crush strength of 3,000 psi (20.7 MPa) with a
target survival of 90% and a minimum survival of 80%. Even stronger microspheres may
be used, such as S60/10,000 SCOTCHLITE Glass Bubbles with an isostatic crush strength
of 10,000 psi (68.9 MPa) and an average diameter of about 30 pum, although these have a
greater average density of 0.60 g/cc.

The particulate filler can occupy from about 1 to about 80 volume percent, or from

about 5 to about 45 volume percent or the high dielectric composite. At levels below
-15-
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about 1 volume percent no significant change in the dielectric constant of the composite
material occurs. Levels above about 80 volume percent are less desirable because there
may be insufficient matrix material to hold the composite material together. With high
loadings of particles, the adhesive composite may become less tacky. In a foamed or
starved matrix composite, a significant amount of the remaining 35 volume percent can be
air or another gas. Embodiments having filler volume loading factors in the higher end of
the range typically include stronger microspheres, ¢.g. S60/10,000, to avoid significantly
rupturing the microspheres when melt processing the composite materials. If the
particulate is not inherently electrically-conducting, an electrically-conducting layer, at
least partially surrounding the particle, can be provided.

An electrically-conductive coating layer can be provided on the surface of the
particulate filler to substantially surround the filler. By “substantially surround” it is
meant that at least 50% of the surface area, at least 75% of the surface area, or at least 90%
of the surface area of the particles in the particulate, on average, is covered by the
electrically-conductive coating. The electrically-conducting layer can be in direct contact
with the surface of the particulate filler or it can be adjacent to it. When the electrically-
conducting layer is adjacent to the surface of the particles, other layers, typically insulating
layers, can be between the outer surface of the particles and the electrically-conducting
layer. The electrically-conductive coating materials are selected considering the frequency
range of a particular application. Desirable properties are: wetting the surface at the
thickness used, low cost, and the availability of the material. Typically aluminum,
stainless steel, silver, titanium, and tungsten are utilized.

A discontinuous layer of electrically-conducting material, such as occurs when the
coating forms beads on the surface can reduce the dielectric constant. The electrically-
conductive coating layer thickness can range from about 5 to 500 nanometers (nm) (more
typically from about 10 to 100 nm) for composite materials having low loss in the
microwave frequency range. Layers below about 100 nm in thickness are typical for lower
density composite materials.

For a given size filler particle, the thickness and type of the electrically conductive
coating are important factors in the level of dielectric loss. It has been found that very thin

coatings lead to very high microwave loss. While not wishing to be bound by any
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particular theory, this is believed to be due to coupling with the electric field of the
microwave radiation. This type of microwave loss decreases as the electrically conductive
coating thickness increases. However, as the electrically-conducting coating thickness
increases, microwave loss due to coupling with the magnetic field component of the
microwave radiation increases. A minimum microwave loss has now been achieved at an
intermediate electrically-conducting coating thickness, at which coupling with both
components of the microwave radiation is low.

It is also known to provide a substantially insulating layer on the electrically-
conducting layer such that the insulating layer substantially surrounds the particulate filter
and also prevents electrical short-circuits when high loadings of such filler particles when
the filler particles are dispersed in a matrix material to increase its dielectric constant.
Such insulating layers are disclosed, for example, in U. S. Pat. No. 6,562,448
(Chamberlain et al.). Such an insulating layer may be thin, for example about 4 nm. The
material for this coating is typically selected for compatibility with the electrically
conductive coating in order to avoid undesirable chemical reactions. For example, when
aluminum is used for the electrically conductive coating, an aluminum suboxide can be
suitable for the insulating layer. In some embodiments, the insulating layer can include
ceramics or polymers. Ceramics can include ceramics or non-conducting polymers.
Exemplary ceramics include non-conductive metal oxides such as aluminum oxide or
silicon oxide.

The insulating layer can be provided by any useful means. In general, this can be
accomplished by introducing oxygen into the deposition process under conditions and in
quantities sufficient to form oxides of the electrically conductive coating material, such as
aluminum oxide when the electrically conducting layer comprises aluminum.
Alternatively, the insulating layer can be coated from a solution or from a composite
solution according to techniques well known to those of ordinary skill in the art.

The provided high dielectric adhesive composite can be compared to a reference
composite material that is similar in composition to the inventive composite material. This
reference composite material contains a sufficient quantity of a titanium dioxide or barium
titanate filler, or another suitable commercially available microwave transmissive filler, to

provide a dielectric constant within about 5% of that of the inventive composite material.
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The inventive composite material contains the fillers of the present invention. The
provided composite material typically has a density less than about 95% of the density of
the reference composite material (typically less than 85%).

In some embodiments, the filler material for the provided composite can be glass
microspheres with four properties: an electrically conductive coating; a non-electrically
conductive layer enclosing the electrically conductive coating; a low density; and sufficient
strength to be melt-processable. Hollow glass microspheres that have even lower density
can also be employed in the provided composite.

Non-electrically conductive filler particles such as glass bubbles or milled glass
fibers can be coated with a thin metal film by any useful means, such as by conventional
coating techniques. These techniques include: physical vapor deposition methods such as
sputter deposition, evaporative coating, and cathodic arc coating; chemical vapor
deposition; and solution coating techniques such as electroless plating or mirroring. In
cach case, proper care must be taken to ensure that the particle surface is properly exposed
to the metal source so that the particle may be uniformly coated and to ensure that the
proper film thickness is obtained. For example, in sputter deposition, particles can be
stirred under metal vapor flux in which the coating thickness is controlled by exposure
time and deposition rate. An insulating coating may be provided in a similar process, for
example, by depositing metal with concurrent addition of oxygen in the vicinity of the
particulate surfaces.

A composite material may be formed by incorporating the coated particles into a
thermoplastic material. This can be done by any useful means, for example, by melting the
thermoplastic material and mechanically mixing the coated particles into the melt. Typical
equipment for such processes include single and twin screw extruders, for which process
conditions are typically chosen such that the coated particles are intimately and uniformly
blended with the thermoplastic, while not suffering mechanical damage such as abrasion
or fracture. The resulting composite materials can be shaped into a final article by any
useful means. Examples of such articles include lenses and planar antennas. Melt
processing techniques such as injection molding, or heated platen presses may be used.

A continuous matrix can result when the particulate filler is substantially

encompassed by the matrix material with no substantial voids. A discontinuous matrix can
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Exanpl e 3 RCF 600 gl ass fl akes were purchased from NG- Canada. The
gl ass fl akes were coated with tungsten, followed by an al um num oxi de

i nsul at i yol2ayer23166 produce the high dielectric filler. P¢@AISBeig/oeg93RCF- 600
gl ass flakes were loaded in the particle agitator and coated with tungsten
metal first using a tungsten netal target. A cathode power of 3.00 kW was
applied for 9 hours. After the coating, the resistivity of the filler was
checked Wi fﬁgﬁ%@l%&fvmmuwémeg of matrw @é&erlalptham'h@drfersa @Qﬁtmpws wetsixodder ved
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al um num’s rget 7 hours

with par tﬂo@hawmﬁm@aﬂﬂmamb@gh meheﬁv&pwlﬂlaﬁt lehanp ek mavik howerpi. 5. 0 scem
of oxygen was introduced in the chanber along with ar The sputter
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conposites 10% 20% 30% 40% 50%

substrates have been discussed above. The provided method also includes disposing a
transparent conductor adjacent to a transparent substrate to form a transparent electrically-
active substrate. The transparent conductor can be applied adjacent a transparent substrate
by any means known by those of ordinary skill in the art and includes the same methods
used to dispose a conductive element adjacent a substrate. In some embodiments, the
transparent conductor comprises indium-tin-oxide and the transparent substrate includes
glass. An electrically-active layer, as defined above, is deposited or disposed adjacent to
the transparent conductor so that it is at least partially in contact with the transparent
electrically-active substrate. In some embodiments the conductive element can be
disposed directly on the substrate, the transparent conductor can be disposed directly the
transparent substrate and the high dielectric composite contacts either the conductive
element on the conductive substrate, the electrically-active substrate or both. A high
dielectric composite as defined above can then be applied to either the conductive element
on the conductive substrate, the electrically-active layer on the transparent electrically-
active substrate, or both. Finally, the conductive substrate can be laminated to the
transparent electrically-active substrate so that the high dielectric adhesive composite
contacts the conductive element on the conductive substrate and the electrically-active
layer on the transparent electrically-active substrate to form the display device. The high
dielectric composite can be a pressure-sensitive adhesive composite. Alternatively, the
high dielectric composite can be non-adhesive. In this case, a clamp or clamp-like device
such as a frame can be used with pressure to assemble the layers and hold them together so
that the device functions properly.

Some embodiments of the provided methods and electronic articles can be better
understood by the Drawings. Fig. 1 is a schematic of a particle included in fillers useful in

some embodiments of provided electronic articles. In Fig. 1, particle 100 is composed of
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the non-conductive body, a glass microsphere 104, which is hollow and encloses air 102.
Electrically-conducting metal layer 106 substantially encapsulates non-conductive body
104. Insulating layer 108, which is a non-conductive metal oxide, substantially
encapsulates electrically-conducting layer 106. Particle 100 can be incorporated into a
binder as a part of a high dielectric adhesive useful in the provided electronic articles and
methods disclosed herein.

Figs. 2a and 2b are schematic drawings of components useful in the provided
methods. In one embodiment, transparent electrically-active substrate (Fig. 2a) has glass
substrate 202 upon which has been disposed transparent metal oxide layer 204 (indium-
tin-oxide). Conductive substrate (Fig. 2b) has patterned metal conductive element 214
disposed upon flexible polymeric substrate 212 (polyimide in some embodiments).
Patterned metal conductive element 214 and the portions of the substrate not covered by
patterned metal conductive element 214 are covered with high dielectric adhesive
composite 216.

Fig. 2¢ is a schematic of an embodiment of a provided electronic article
(electroluminescent lamp 200) in which transparent electrically-active substrate (Fig. 2a)
has been laminated to conductive substrate (Fig. 2b). The electronic article shown in Fig.
2¢ has patterned metal conductive element 214 disposed upon substrate 212. High
dielectric adhesive composite 216 contacts conductive substrate 214 and electrically-active
layer 206 which is a phosphor. Transparent conductor 204 (indium-tin-oxide) is disposed
upon phosphor layer 206. Transparent conductor 204 is disposed upon glass transparent
substrate 202.

The provide articles and methods can be incorporated into display devices that can
be used on electronic devices. Exemplary electronic devices include actuators, artificial
muscles and organs, smart materials and structures, micro-electro-mechanical (MEMS)
devices, micro-fluidic devices, acoustic devices, electroluminescent lamps, electronic ink
and paper, electronic readers, and sensors.

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.
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Exanpl e 4 Al Ox insulating | ayer was sputter deposited on Cabot's

Vul can carbon black (XC72R). The dielectric constant val ues were neasured
and are |weted/i2se6¥abl e 4 in conpari son to un-coated carbomuskiaoksd3The hi gh
| oss tangent val ues indicate that the uncoated carbon black is a |ossy
material (high dielectric |oss). Table 4 Pol yet hyl ene Conposites with
Carbon Black Fillers 12% volune, in PE D electric constant Loss tangent

Vul can Carbon 53.0 0. 20

Examples

Preparation of Coated Particles

Coated particles used as high dielectric fillers in the examples are glass bubbles/
fibers/ ceramic microspheres coated with a highly conducting metal layer first and an
electrically insulating layer in the outer. These coatings were produced by the physical
vapor deposition of respective metals. Other fillers such as metal particles, and carbon
particles were coated with an electrically insulating outer layer such as aluminum oxide by
physical vapor deposition to provide high dielectric constant fillers.

An apparatus 310 for carrying out the PVD process is shown in Figs. 3a and 3b.
The apparatus 310 includes a housing 312 defining a vacuum chamber 314 containing a
particle agitator 316. The housing 312, which may be made from an aluminum alloy if
desired, is a vertically oriented hollow cylinder (45 cm high and 50 cm in diameter). The
base 318 contains a port 320 for a high vacuum gate valve 322 followed by a 15 cm
diffusion pump 324 as well as a support 326 for the particle agitator 316. The chamber
314 is capable of being evacuated to background pressures in the range of 10°° torr.

The top of the housing 312 includes a demountable, rubber L-gasket sealed plate
328 that is fitted with an external mount for dc magnetron sputter deposition source 330 (a
US Gun II, US, INC., San Jose, CA). Into the source 330 is fastened a metal sputter target
332 (13 cm x 20 cm and 1.25 cm thick). The sputter source 330 is powered by an MDX-
10 Magnetron Drive (Advanced Energy Industries, Inc, Fort Collins, CO) fitted with an arc
suppressing Sparc-le 20 (Advanced Energy Industries, Inc, Fort Collins, CO).

The particle agitator 316 is a hollow cylinder (24 cm long x 19 cm diameter
horizontal) with a rectangular opening 34 (16.5 cm x 13.5 cm) in the top 336. The
opening 334 is positioned 7 cm directly below the surface 336 of the sputter target 332 so
that sputtered metal atoms can enter the agitator volume 338. The agitator 316 is fitted
with a shaft 340 aligned with its axis. The shaft 340 has a rectangular cross section to
which are bolted four rectangular blades 342 which form an agitation mechanism or
paddle wheel for the support particles being tumbled. The blades 342 each contain two

holes 344 to promote communication between the particle volumes contained in each of
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Al 0" insulation |ayer coated Vulcan carbon 4.8 0.004 WO
2011/ 123263PCT/ US2011/ 028939 Exanple 5 Al um num powder (1-3 m crons)
wer e pur cwesed/Rsmwm At | anti ¢ Equi pment Engi neers, Ber gemCiraisdg11/m3so3fn
insulating Al Ox | ayer was deposited by reactive sputtering. The dielectric
constant and | oss tangent values (in brackets) are listed in Table 5. Table
5 Dielectric Constant and Loss Tangent of Ceram c-Fill ed Epoxy Conposites
Conposi t éh¢ fpur quadrants formed by the blades 342 and agitator cylinder 316. This particle

agitator can hold up to 2000 cm® volume of glass bubbles or other substrates. Typical

modes of use of this apparatus are described below in the examples.

Powder Electrical Resistivity test

The volume electrical resistivity of the coated particles was measured using a test
cell build in-house. The test cell consisted of a DERLIN block containing a cylindrical
cavity with cross section of 1.0 cm?. The bottom of the cavity was covered by a brass
electrode. The other electrode was a 1.0 cm? cross section brass cylinder which fitted into
the cavity. The coated particles to be tested were filled in the cavity to 1.0 cm high from
the bottom electrode. Then the brass cylinder was inserted and a weight was placed on top
of the brass cylinder such that the exerted total pressure is 18 psi (124 kPa) on the powder.
The electrodes were connected to a digital multimeter to measure resistance. This
configuration provides the measured resistance is equivalent to the volume resistivity of

the particles.

Composites containing coated particles
Polyethylene composites

The coated particles were added to the polymer melt (polyethylene — ENGAGE
8200, Dow) in a Brabender batch mixer maintained at a temperature of 160°C. The
composite was formed by blending the two materials together by rotating blades at 65 rpm
for approximately 15 -20 minutes. A flat film of the composite was formed by first
placing molten composite between 2 pieces of polyester liner to form a 3-layer sandwich.
The sandwich was subsequently placed between 2 aluminum plates. The whole assembly
was then inserted into a heated Carver lab press (Model 2518, Fred S. Carver Co.,
Wabash, Indiana) and molded into a flat film at a pressure of 1000 psi (6900 kPa) and
temperature of 150°C. Shims were inserted between the aluminum plates to control the
thickness of each sample. Each composite film had a diameter of approximately 18 cm and

a thickness of 1.0-1.5 mm.
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Epoxy composites:

Epoxy composites were made using 2-part DEVCON 5 Minute epoxy (Devcon,
Danvers, MA). Known weight of coated particles and the 2-part epoxy was mixed
thoroughly in a plastic beaker with a spatula. After 2 minutes the mixture was poured on a
release liner which was placed on an aluminum plate. Another release liner was placed on
top of the mixture and an aluminum plate. Shims were inserted to achieve desired
thickness. The sandwich assembly was then inserted into a Carver lab press maintained at
room temperature. A pressure of 5000 psi (35 MPa) was applied and kept for a minimum
of 1 hour.

Each composite had a diameter of 10 cm and a thickness of 1.5 — 2.0 mm.
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Dielectric Measurements — (Used for Examples 1-5)

The dielectric properties of the composites were measured at room temperature
(23°C) using a LCR meter (Model 72-960, TENMA, Centerville, OH) at low frequencics
up to
1 kHz. The bottom electrode was a 10 cm diameter aluminum plate. The top electrode
was a 4 cm diameter aluminum plate. The plate thickness was 1.4cm. The bottom
electrode was connected the negative end, and the top electrode was connected to the
positive terminal of the LCR meter. Flat composite samples were placed between the
electrodes. A weight equivalent of 18 psi (124 kPa) force was placed on top electrode to
exert close contact between the electrodes and the sample surface. The measured
capacitance (in picoFarad, pF) was used to calculate the dielectric constant (k) of the

composite using the formula,

K=C*d/e* A

where C is the measured capacitance in pF, d is the thickness of the slab in meters, A is
the area of cross section of the top electrode = 50 cm?® =5 x 10 ~* meter’, and ¢p = 8.85 x

102 F/m.

Example 1 and Comparative Examples

Commercially available high dielectric constant (k) filler was used in the
Comparative Examples. BaTiO; exhibits a very high dielectric constant of ~1200.
BaTiO; was purchased from Ferro Corporation, Cleveland, OH. 638.46 g of 3M
SCOTCHLITE S60 glass bubbles were loaded in the particle agitator and the glass bubbles
were coated with aluminum by sputter deposition. A power of 3 kW was applied to the
target and the coating was carried out for 24 hours. The chamber was vented with air and
a small (10 cm®) of the sample was taken out for powder resistivity measurement. A
resistivity of 3.5 ohm-cm was achieved. The outer insulating layer was applied by reactive
sputter deposition of aluminum with a partial oxygen atmosphere using a flow of 3.0 sccm

through the chamber. A power of 3 kW for 8 hours produced the insulation layer. The
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chamber was vented and the particles were removed. The measured powder resistivity was

above 30 megaohm/cm.

Epoxy composites were prepared for a filler concentration of 10, 20, 30, 40, and 50

volume %. Dielectric constant values were measured and are listed below in Table 1:

Table 1
Dielectric Constant of Epoxy Composites with Ceramic Fillers

Epoxy composites 0% | 10% 20% 30% 40% 50%

BaTiO3 powder 3.5 43 5.1 6.7 7.7 --

filler
Aluminum coated 3.5 4.5 6.3 7.2 9.1 12
glass bubbles
(Al/AlOx coated
S60) filler
Example 2

The following fillers were prepared by physical vapor deposition of metal and

metal oxide coating on different sizes of 3M glass bubbles. The composites were made in

polyethylene matrix and the dielectric constant values are listed below in Table 2.

Table 2
Dielectric Constant of Polyethylene Composites with Ceramic Fillers

PE composites | 0% 10% 20% 30% 40% 50%

Al/AlOy coated | 2.5 3.1 3.7 52 7.1 12.1
S60

W/AlOy coated | 2.5 3.0 4.2 5.8 8.1 12.7

iIM30K

W/AlOy coated | 2.5 2.8 32 3.7 4.4 4.9
A20

Uncoated A20 | 2.5 2.6 2.5 2.7 2.7 32
Example 3

RCF 600 glass flakes were purchased from NGF Canada. The glass flakes were
coated with tungsten, followed by an aluminum oxide insulating layer to produce the high

dielectric filler. 409.64g of RCF-600 glass flakes were loaded in the particle agitator and
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Test nethods for Exanple 6 Peel Force Test An adhesive film sanple
was |lam nated, with a one inch rubber roller and hand pressure of about

0. 35 kil oyoans/pare3square centinmeter, to a 45 [t mthi ck PpolUsetihpbeIne
terephthalate (PET) film A one inch (25.4 cm wide strip was cut fromthe
adhesive film PET | am nate. This adhesive filmside of the test strip was
| am nated, with a two kil ogramrubber roller, to a stainless steel plate

whi ch hadopisé rmth tapgreen Bgtalfipt hgng ¢ tungsten \meﬁad tageeit gheathofy nomiceef $.0fes with

hept ane. amn dytest al | oned..t. at a t
condr 1 ortoV st BHAA BEe 1B, RS SRRHE USRS SRR e o SR s
renoved fdsﬁ?th@goxsa@réﬁlﬁﬁzsty%bﬁqi Hiétdasigtwanbsdgbetote 1EOhHMaas eeke at a

rate of 30 centineters per mnute. The force was neasured with an | nass
Model SP-o@angulatwssilDrdayer wesdengsitodaysingean adpminum sputter target. A cathode

power of 2.00 kW was applied for 7 hours with partial oxygen atmosphere in the sputter
chamber. A flow of 5.0 sccm of oxygen was introduced in the chamber along with argon.
The sputter process pressure was kept at 10 millitorr. The filler showed a powder
resisitivity in the Mega ohm-cm range. Composites were made in polyethylene and the
dielectric constant values are listed in Table 3.
Table 3
Dielectric Constants of Polyethylene Composites with Glass Fillers

PE 10% 20% 30% 40% 50%
composites
W/AIO, 3.0 3.6 4.7 6.7 9.2
coated Glass
Flakes

Example 4

AlOx insulating layer was sputter deposited on Cabot’s Vulcan carbon black
(XC72R). The diclectric constant values were measured and are listed in Table 4 in
comparison to un-coated carbon black. The high loss tangent values indicate that the un-

coated carbon black is a lossy material (high dielectric loss).

Table 4
Polyethylene Composites with Carbon Black Fillers
12% volume, in PE Dielectric constant Loss tangent
Vulcan Carbon 53.0 0.20
AlOx insulation layer coated 4.8 0.004
Vulcan carbon
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Met hod for neasuring dielectric properties (Exanple 6) Sampl e
configuration: Filnms or thin sheets of thicknesses approximately 1 mm and
Di anet er swofzoti026a88 For |iquid materials, special |iqui@CtaiskeLl/0s89acer
separated netal electrodes or conb-el ectrodes are avail abl e The
Parall el Plate electrode configuration was selected for this measurenent.
Ordinary direct neasurenent techniques for DC conductivity could not be
appl i ed dégmde $he difficulty of handling these gel sanples. The

di el ectric neagurenents r bt ai ned per ASTM D150, ent.i tled. " Standard
Test Wt hods ot gost ISRl AR e REP i B PR A O B 1 ¢
Const ant )ErpincaR, Bdrgeh®&HNE 8An imdalikiak iAQ0x layés Wag d@katd B raatialee el ectrodes
and an Andeen Hagerling 2500A 1 kHz U tra Hi gh Precision Capacitance

Bri dge. Bavtcragheldioveclecirp bensigas archloss ighggnt salaeken bragketpeare dstgeinetatiot al

t hi ckness. (approximately 1.8-1.9 mm), taking caution to avoid creating air
bubbl es i the sanple. The stacked adhesive sanple was inserted in between
two polished brass disks of 40 mm di angieey and 2 mmt hi ckness.
Subsequently, the brass el ectrode sandw ched assenbly with sanple was

i nserted into Richspi Gorfsiant amdLoss Tangent of Gcfaprieabdkedi kpoay Caswobiétsween t he
par al | el ptate—sanptercapacitor—afitd—an-AndeenTHager It ng—2500A31 kHz—Uitra
H gh Preci Sogppo b i {ance 08 dge| A PPl cotrect IBA was appl% for | each
measur enent , El}‘i’%bjr der |[to account for the capacitance of fringing fieldgs
caused by t heM#tiiKite size of each|capacitor. The dielectric constant and DC
El ectri dal Aénhdoetedvi ty of (0068sanpl e0wdrblMeasured (0.01@ par .8 €0.0pl)at
confi gurjat i alurhs@m phot o above) wijth the Novoc¢ontrol Hi gh|Tenperature
Broadbarld Di ghggéric $pectronmeter |(0.01-10 MHz). The DC conductivity can be
obtained fromthe Ow frequency extrapolation by fitting the |magi nary
permttivity data (dielectric loss) vs. frequency to a single dielectric
rel axati on process acting simultaneously with the DC conducti on nechani sm
Usi ng t higeshikthodpfr @xeinple it we could insure that remmant effects of the
| ow frequency dielectric relaxation nmechanismwere renoved fromthe

Conduct i i Ly Orl'g%srtesul ts obtained for Teflon and PMVA agree well w th what
has previ ousfy een reported in the literature. The nmaxi mum resol uti on of
this el ectri cahn adhedive ffilmishiyiplreasuatirndd, tvébhringuwechdabbdoldaud &bk | S
approximately e-17 S/ICM _ Exanpl es 6A-6D Preparation of Dielectric Filler -
A THessas e rheuld- lsiagranedpqr saease cosragteretp bk em;thick palyshglcdRown in
Figs. 1 f,0 el ectri AN 3M S60

ol g5 bunp bR PERIAER, Aieth {3 SRR M ECHE ek oBheafls 2N of 30
m crons. fl40PET l{iddg) Tafs 23665 =OIhCkUE dEthgltas stripuiakll@ainaad! wihaswaer e dri ed
for 6 hours at 150C in a convection oven. The dried particles were placed

into the kplggrane rubbeigiotlan &r 2 sipintasasigel ploc wveh haddcemaleprad byavingns it preas
evacuat ed,; nee, LNEy %@?ﬁg 3 ﬁtﬁﬁ%ﬁtﬁg%‘g’ﬁ%eefra” @a@eg t%gt'sgpé%”wés%%%ed% gon

Sputtering gas was a 0 ssure of "about 10
m I1itor rremMnbiraiBionedmilitiod FolsiRthoas SRIEdhRSivE Bl impEIPFETIRRASMpION
process was then started by applying a cathodic power of 2.50 kilowatts.

The part ivedsaergyedfrom thhgpinlcapstoplsurtateaat ad angle ab b8 depreqsrt deate a§3Q-he

| um d i ti .o 1h d . Al Ox
ayor wns EOAREt B TBAC o) R v RRyChaen T AR PR J1od sPor0B ot "

(st andar dngURt&or€EVA) fBBler per minute), in addition to argon sputter gas.
The total pressure was kept at 10 mllitorr. A cathodic power of 2.00 kW
was applied for 18 hours with particle agitation of 4 rpm At the end of 18
hour s, t Hdcthhdifidrencasasng/dinteetdictpromntiisdBkamopledi)t i ons and the particles were

renoved fromthe itator.. The.powder. resistjvj of the al um num coat ed
S60 gl ass bubbﬁhaé@%e?@au&@nt %&}%Sz’rélﬁﬁél%?ﬁts %‘3&810%86&&@@@&%5@%% of
the fi naIDg j Wﬁﬁnf 5o { L 1GRAE '1 9 1 £ fﬂ ‘EalFi |l er B.
Process folrﬁlt% egp(gfr epar at i%/%lag#dq%a é@gﬁp?ég Fi F(géré %’nSp éer%@ﬁeggpgar at us
descr i becl¢arotitsordetdi-dledrades aciaptilable and shown in Figs. 1 and 2 is used as

follows to prepare Dielectric Filler B according to the foll ow ng
procedure.

11%
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i MBOK SCOTCHLI TE gl ass bubbl es (avail able from 3M Conpany, St. Paul, M)
have an average particle size of 18 mcrons. 503.95g of i MBOK SCOTCHLI TE

gl ass bubwbesipasiedcl es were dried for 6 hours at 150C POTAISC@NWes9Be on
oven. The dried particles were placed into the particle agitator apparatus
10, and the chanber 14 is then evacuated. Once the chanber pressure is in
the 10-5 ton ran e the argon sputtering gas was admtted to the chanber 14
at a pressure Tife w58 el Plage @qrﬁqtrqdﬁ@pnﬁgur@rrfgwwekeé@ﬂefﬂ@t@lsane%memenwas used as
sputter t et. ..Th OSItI roce s then star

cat hodi ¢ (%lrggn 1Fec§nt% %em%nt??cthglqu% é)r Ij,@ u t1V1 @z (iogi(F notS ap?ll?%%dueq

r ot at ed aheQHQMHUAﬁn@ﬂmﬁgﬁhagg&hgmﬁg@gsten dep05|t|on process. The power
was stopped after 13 hours. The powder resistivity of tungsten coated gl ass
bubbl es was 0.Theafitteatic ndh&dethante vevdshtaioat pa ABTNAP] yenaesd,t Standardxygen
gas at a rate of 5 sccm (standard cubic centineter per mnute), in addition

to Argon LstMethody by AGhesy Ghapctyristiss ardP auttivip(Diglectres %nsrqn%)cnero id

cat hodi c » rs Ktation
o e A T AR Sl I M RB S0

condi ti ona{zalndratfm@hmoﬁm@ﬂ €spavihtccrBridp¢e Eath adhckive s@gpleata@icarcfilly powder
resistivity of the final coating was in Mohmcmrange. Syrup A - A mxture

of 80% N-Stack§d tofhe taégqt@rbnéal alnakw/éaapwuaﬁﬁldé §-by ) g}hkl)lg Wloﬁth apid
toget her t%tlél ra{p a t%g m&ﬁf'ﬁe S Hagh sw SV\%I %ht pgfﬁ%g 1%%{W£n of this

m xture, i Ona Vi Nyl pyrro one I'sooct yl
acrylate tW@l’Iﬁh@h@dQﬂaSAﬁdﬁdks Of 9¢ mithy %ahﬁ%@hﬁg rﬁﬁlhlcﬂ_ﬁ@s rBubEé!ﬁl@nt\Mi%e brass
partially-polynerized to forma syrup as taught in U S. Pat. No. 6,339,111
(Mbon et <cddetrpde mdmﬂ@dassenmmﬁareal@ W, wgem@ a%apse( fixporajinazyder to

1, 6- hexanedi ol ed u

part| ally- pof“;}rlrle i 76 cy?e W?'en(the%gﬂelg dded™ ef%gmg(g PIA %B%I} erh%d syrup
to form SyogR 1AkH£tngHﬁga f&éhﬁal @sa&mttaﬁc&dnd%ecwmsm E&T&@L@ﬁ@daﬁla ied
Dielectric Filler A (20 wt% | oadin n a 500 nmL plastic beaker was
pl aced 240r garcamea@mre@ynﬁupl gxderrie aemugt Evgheodappfitinee of fringmig) ficdds causciity

mat eri al tﬁ,aﬁ‘ t hen i’r}l'c usi Eg]%a standard | aboratory bl ade m xer, and then
degassed aye piag ?%ag e for 5 mnutes. The material was then coated
bet ween arik. dielBithic eaesta{ntt ild BPFEIamici-Cdhdlibingty GFk Gl dtivhs BSsued i)

CPFilms T-30 liner at 13 ft/mn (4 mMmn) to'a thickness of 2 ml| (50.8
[tn) . Theacdkt platy ceadgimtion(sat ehbtwabcbivef) maidbrtbs democdntrab Kighi Temperatnss such

hppr oxi i arPEbd B pnger a0 Py n D AE e B9 Rt B pR R
found to fﬁﬁnzhehawaﬁeqt%he A xtr-gﬁkﬂaﬁthﬂl)fﬁﬁtﬂil?%et BlimANPrRifR iy eate@aeear{ey

| am nati ng toget her adhesi've to forma 2 mmthick
sanpl e. HBesiph.drogBencyGoapoglc cbelelcmt: atlma*u@n Dredescacting siEnlfageoualy(80h thed%

| oadi ng) |.n a 500.nL plastic beaker was Iace 210 g of Syrup A
and 90 grRreoRfuctpR BRI Af i i FRRF e GF iy o frsar iRt ng a

standar d JdraPRIAHRY Ywit@Eendy diﬁ%@tl‘lé%ja)gatﬁ%ﬁ I&%H@fﬁﬁﬁ%e@@fmﬁ)v% RekEde The
material was then coated at 13 f n (4 n) between to a thickness of
2.0 m| (Gehd8ctivity) Th Mukt&)@iltamgd ﬁusT eﬂon and Bl\/@dAwgrde wdlueitesdentiasbl ack |i ght

| anps such t.hat {he ener recei ved t he surfac of t hesi ve coating
was appr GRPYAELY [EB7EParEdRHIe Mt 31@6%11&111@0%% 0 GBI or o viag

found to BEqdRivith nitas eﬂﬁbﬁttec‘[ﬁ?qdé‘a%&ﬁ@&ﬁ c% RAhst lg@g BVc%Par ed by

| am nating together the 2.0 ml (50.8 p e to ? rma nm t hi ck
sanpl e. Exanple 6C - Conposite Containing D electrlc Filler B (25 W %

| oadi ng) . In a 1 gallon container was placed 487.5 grans of Syrup A,
368.55 grans isooctyl acrylate, 118.95 granms N-vinyl pyrrolidone, and 325
grans of Dielectric Filler B. The material was m xed using a standard

| aboratory bl ade m xer, and then degassed under reduced pressure for 15

m nutes. The solution was then coated at 15 feet/mn (4.5 mmn) between a
1.5 ml (38 [tm CPFilns T-10 liner and a 2 m| (50.8 [tm CPFilns T-30
liner to a thickness of 0.9 ml| (23 [tm). The coating was then irradiated
with fluorescent black Iight |anps such that the energy received at the
surface of the adhesive coating was apB%OX|nater 270 mJ/cn2. The dielectic
constant of this material was found to“be 9.68 at 1 kHz. The dielectric
test sanple was prepared by |am nating together the 0.9 ml| (23 [tm
adhesive to forma 1 mmthick sanple. Exanple 6D - Conposite Containing
Dielectric Filler B (35 wt% | oadi ng). In a 1l liter container was

pl aced 92.87 grans of Syrup A, 70.20 grans isooctyl acrylate, 22.66 grans
N-vinyl Pyrrolidone, and 100 grams of Dielectric Filler B. The naterial was
nlxed uslng a standard Iaboratory bIade nlxer and then degassed under
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-31- at 1 kHz. The dielectric test sanple was prepared by |am nating
together the 0.9 ml (23 pn) adhesive to forma 1 nmmthick sanple. Peel
Adhesi on w0 2011/ResB adhesi on (180 degree) was neasured @OTiUs201A0PRISY ves
prepared in Exanples 6A -6D, and this data is listed in the table below. A
1 inch (2.54 cn) w de adhesive sanple was adhered between a 1 inch (2.54
cm wwde / 2 ml (51 m thick alumnumfoil and a 2 inch (5.08 cn) w de /
1. 23 mm thasiolestei-APess steel test plate. After preparation of the test
sanple, a 1 hour dwell tine was done between sanple preparation and 180
degr ee pdatpdretiin ofdiclbheic F8lerdegr ee peel test was done at 12 inches (30.5
cm /mnute, with a 2 second data col |l ection delay followed b a 10 second
data col | ecti obhep@priatis dazibsd ohthe dstailpgdeeripinmandigowpae Eigsi band 2 P8y and

the "bac ﬁﬁ&l def1bRDo ﬁ%ﬁatg (ﬁ]gle%t-ll;@ %ﬂlefr%c eIM S%%"glﬁfs bhﬂlﬁf?}%ﬂﬁa\%\élge rd cthe side

of the adhesive exp easi est-to-renove sved. The
"back si dedmab —téﬁemﬁdhssmﬂmm&lahbéwﬁﬁﬁﬁhi e4e®¢ﬂ;€(4B©g)aif66eSOO)TtGHLITfmce
side". The 180 degree peel tests were done with both the "face side" (FS)
and the "Sebulb aepartlgss waksHBIcd dot @heyts a3 Qi g sorcgdon pyea: dhedrigdl |y, the

" Transf er a@c‘h ??8]%5(931(?0 ﬁﬁ% é)ltaptgc]leg?%ﬁgﬁ tag]?efr%t%lg ?g_%%lagﬁé &%ﬂb@?tm I{ngﬁ’l HEd

adher ed tp €ss ste egree peel The
results Mc@t@i@(&&)@%tﬂhé thahetlet preSsubetvasin th\DD 25kl fahgdQ Zlﬁgiﬁ@"p'ﬁiﬂﬁﬂ%lgb/s @28939

Tabl e 6 180 Peel of Exanpl es 6A-6A Sanple Side Peel Strength (N cm
admitted to the chamber 14 at a pressure of about 10 millitorr. Aluminum metal was used
as sputter target. The deposition process was then started by applying a cathodic power of
2.50 kilowatts. The particle agitator shaft 40 was rotated at about 4 rpm during the
aluminum deposition process. The power was stopped after 20 hours. An AlOy layer was
coated on top by admitting oxygen gas at a rate of 5 scem (standard cubic centimeter per
minute), in addition to argon sputter gas. The total pressure was kept at 10 millitorr. A
cathodic power of 2.00 kW was applied for 18 hours with particle agitation of 4 rpm. At
the end of 18 hours, the chamber was vented to ambient conditions and the particles were
removed from the agitator. The powder resistivity of the aluminum-coated S60 glass

bubbles were less than 2 ohm-cm, and the powder resistivity of the final coating was in

Mohm-cm range.

Preparation of Dielectric Filler B.
Process for the preparation of Dielectric Filler B

The apparatus described in the detailed description and shown in Figs. 1 and 2 is
used as follows to prepare Dielectric Filler B according to the following procedure.
iM30K SCOTCHLITE glass bubbles (available from 3M Company, St. Paul, MN) have an
average particle size of 18 microns. 503.95g of iIM30K SCOTCHLITE glass bubbles
particles were dried for 6 hours at 150°C in a convection oven. The dried particles were
placed into the particle agitator apparatus 10, and the chamber 14 is then evacuated. Once
the chamber pressure is in the 107 torr range, the argon sputtering gas was admitted to the

chamber 14 at a pressure of about 10 millitorr. Tungsten rectangular metal was used as
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sputter target. The deposition process was then started by applying a cathodic power of
3.00 kilowatts. The particle agitator shaft 40 was rotated at about 4 rpm during the
tungsten deposition process. The power was stopped after 13 hours. The powder
resistivity of tungsten coated glass bubbles was 0.6 ohm cm. AlOx layer was coated on top
by admitting oxygen gas at a rate of 5 scem (standard cubic centimeter per minute), in
addition to Argon sputter gas. The total pressure was kept at 10 millitorr. A cathodic
power of 2.00 kW was applied for 7 hours with particle agitation of 4 rpm. At the end of 7
hours, the chamber was vented to ambient conditions and the particles were removed from

the agitator. The powder resistivity of the final coating was in Mohm-cm range.

Syrup A — A mixture of 80% N-vinyl pyrrolidone and 20% acrylamide (by weight) was
mixed together to form an NVP/acrylamide mixture. 10 weight percent (wt%) of this
mixture, 16.99 wt% additional N-vinyl pyrrolidone, and 72.97 wt% isooctyl acrylate were
mixed with 0.04 wt% IRGACURE 651. The mixture was partially-polymerized to form a
syrup as taught in U. S. Pat. No. 6,339,111 (Moon et al.). Additional IRGACURE 651
(0.369 wt%) and 0.149 wt% 1,6-hexanediol diacrylate (HDDA), based upon the weight of
partially-polymerized syrup, were added to the partially-polymerized syrup to form Syrup
A.

Examples 6A-6D
Example 6A — Composite Containing Dielectric Filler A (20 wt% loading).

In a 500 mL plastic beaker was placed 240 grams of Syrup A and 60 grams of
Dielectric Filler A. The material was then mixed using a standard laboratory blade mixer,
and then degassed under reduced pressure for 5 minutes. The material was then coated
between a 1.5 mil (38 um) CPFilms T-10 liner and a 2 mil (50.8 um) CPFilms T-30 liner
at 13 ft/min (4 m/min) to a thickness of 2 mil (50.8 pm). The coating was irradiated with
fluorescent black light lamps such that the energy received at the surface of the adhesive
coating was approximately 270 mJ/ cm?®. The dielectric constant of this material was
found to be 7.19 at 1 kHz. The dielectric test sample was prepared by laminating together
the 2.0 mil (50.8 um) adhesive to form a 2 mm thick sample.
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Example 6B — Composite Containing Dielectric Filler A (30 wt% loading).

In a 500 mL plastic beaker was placed 210 grams of Syrup A and 90 grams of
Dielectric Filler A. The material was then mixed using a standard laboratory blade mixer,
and then degassed for 5 minutes. The material was then coated at 13 feet/min (4 m/min)
between to a thickness of 2.0 mil (50.8 pm). The coating was irradiated with fluorescent
black light lamps such that the energy received at the surface of the adhesive coating was
approximately 270 mJ/cm®. The diclecrtic constant of this material was found to be 15.71
at 1 kHz. The dielectric test sample was prepared by laminating together the 2.0 mil (50.8

um) adhesive to form a 2 mm thick sample.

Example 6C — Composite Containing Dielectric Filler B (25 wt% loading).

In a 1 gallon container was placed 487.5 grams of Syrup A, 368.55 grams isooctyl
acrylate, 118.95 grams N-vinyl pyrrolidone, and 325 grams of Dielectric Filler B. The
material was mixed using a standard laboratory blade mixer, and then degassed under
reduced pressure for 15 minutes. The solution was then coated at 15 feet/min (4.5 m/min)
between a 1.5 mil (38 um) CPFilms T-10 liner and a 2 mil (50.8 um) CPFilms T-30 liner
to a thickness of 0.9 mil (23 pm). The coating was then irradiated with fluorescent black
light lamps such that the energy received at the surface of the adhesive coating was
approximately 270 mJ/cm®. The diclectic constant of this material was found to be 9.68 at
1 kHz. The dielectric test sample was prepared by laminating together the 0.9 mil (23 pm)

adhesive to form a 1 mm thick sample.

Example 6D — Composite Containing Dielectric Filler B (35 wt% loading).

In a 1 liter container was placed 92.87 grams of Syrup A, 70.20 grams isooctyl
acrylate, 22.66 grams N-vinyl Pyrrolidone, and 100 grams of Dielectric Filler B. The
material was mixed using a standard laboratory blade mixer, and then degassed under
reduced pressure for 15 minutes. The solution was then coated at 15 feet/min between a
1.5 mil (38 um) CPFilms T-10 liner and a 2 mil (50.8 pm) CPFilms T-30 liner to a
thickness of 0.9 mil (23 pm). The coating was then irradiated with fluorescent black light
lamps such that the energy received at the surface of the adhesive coating was

approximately 270 mJ/cm®. The dielecrtic constant of this material was found to be 15.00
31-



0 Exanple 6D FS 3.9 100 Exanple 6D BS 4.6 50 The data in Table 6 shows
that the conposites of Exanpl es 6A-6D that have high dielectric constants
from abowo2otia2is3at 1 kH al so have significant peel stPcengtétiacgd3can be
useful as high dielectric adhesive conposites. Various nodifications
and alterations to this invention will becone apparent to those skilled in
the art without departing fromthe scope and spirit of this invention. It

shoul d beat drkdikzr skhsakicledise toshsasmnlawanpicasred by hstinptiesnaetbertthe B romia y
il | rative e imspts and exanpl es set forth herein and

limted by {h S d
t hat suc e&%&rirﬁ%es Oaftﬁgngrrlb%lalltggc%tsgmgree presented by way of exanple only
with the scope of the invention intended to be limted only by the clains
set forth herein as follows. Al references cited in this disclosure are

herei n i regtpdhesiasd by reference in their entirety.

Peel adhesion (180 degree) was measured on the adhesives prepared in Examples
6A -6D, and this data is listed in the table below. A 1 inch (2.54 ¢m) wide adhesive
sample was adhered between a 1 inch (2.54 cm) wide / 2 mil (51 pm) thick aluminum foil
and a 2 inch (5.08 cm) wide / 1.23 mm thick stainless steel test plate. After preparation of
the test sample, a 1 hour dwell time was done between sample preparation and 180 degree
peel testing. The 180 degree peel test was done at 12 inches (30.5 cm) /minute, with a 2
second data collection delay followed by a 10 second data collection period. Adhesion
testing of both the “face side” (FS) and the “back side” (BS) was done. The “face side” of
the adhesive was the side of the adhesive exposed when the “easiest-to-remove” liner was
removed. The “back side” of the adhesive was the opposite side relative to the “face side”.
The 180 degree peel tests were done with both the “face side” (FS) and the “back side”
(BS) adhered to the stainless steel plate. Finally, the “Transfer %” was recorded as the
percent of the adhesive that remained adhered to the stainless steel plate after the 180

degree peel test. The results are displayed in Table 6 below.
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What is claimed is: 1. An electronic article conprising: a substrate; a

conductive elenent adjacent to the substrate; a high dielectric
conposi t evolrauingeea first and a second surface, the firCTasediamnesadj acent
to at least a portion of the conductive el enent; and an

el ectrically-active layer which is adjacent to at |east portion of the
second surface of the high dielectric conposite, wherein the high
di el ectric conposite conprises: a poF@ﬁ%? c binder, from1 to 80 vol une

percent of particulate filler a| der wherein the filler
conprises particles that |nclu%?b ?%F%%PRSE ¢€ conductlng | ayer; and

an insullati ngshayrr substanti agiqy surround@e&hgﬁﬁg@ctrlcalPMa@gandting
| ayer, gnd (N/cm)

Example 6A FS 6.6 20

Example 6A BS 7.1 37

Example 6B FS 53 25

Example 6B BS 4.7 50

Example 6C FS 4.7 100

Example 6C BS 5.3 0

Example 6D FS 3.9 100

Example 6D BS 4.6 50

The data in Table 6 shows that the composites of Examples 6A-6D that have high
dielectric constants from about 7 to 16 at 1 kH also have significant peel strength and can
be useful as high dielectric adhesive composites.

Various modifications and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention. It
should be understood that this invention is not intended to be unduly limited by the
illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention
intended to be limited only by the claims set forth herein as follows. All references cited

in this disclosure are herein incorporated by reference in their entirety.
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wherein the electrically-active layer is in electrical comrunication with
the conductive elenment. 2. An electronic article according to claim1,
wherei n twe 28ubrsrsate i s polynmeric. 3. An el ectroni c arCiraiSeoiamessdi ng to
claim2, wherein the polyneric substrate conprises polyimde, polyester,

pol yet hyl ene, or a conbination thereof. 4. An electronic article according
to claiml1, wherein the conductive elenent is patterned. 5. An electronic
article according to claim1, wherein the high dielectric conposite has a
dielectrigg conséﬁnt of from about 4 to about 50. WD

2011/ 1232 gﬁé%f 820177 028939 6. An electronic article according to claim
1, wherein the high dielectric conposite has a | oss tangent of |ess than
0.1. 7. An el gCLIORIfc Atiklcofppm@r ding to claim 1, wherein the binder
conprises a thernoplastic resin or ‘a thernosetting resin. 8. An electronic
articl e accor disupstrase;cl ai m 7, wherein the binder conprises an adhesive. 9.

An electronic article according to claim?7, wherein the binder is selected
from an epoxy‘?%%%WW“YSQE?EWéP@g@§¥E%tFé%fﬁ?ﬁh pol ybut adi ene resin, or an

acrylic resin., hiéﬂ) diefdderf! &?ﬁﬂo@ﬁ‘é,%a_@ﬁl la Gy ﬁﬁ%%'éégﬂa%uﬁgc& b fRsBuriiier €i n the
bi nder conprises”a pressure-sensitive adhesive.
adjacent to at least a portion of the conductive element; and
an electrically-active layer which is adjacent to at least portion of the second
surface of the high dielectric composite,
wherein the high dielectric composite comprises:
a polymeric binder,
from 1 to 80 volume percent of particulate filler retained in the binder,
wherein the filler comprises particles that include:
an electrically-conducting layer; and
an insulating layer substantially surrounds the electrically-

conducting layer, and

wherein the electrically-active layer is in electrical communication with the conductive

clement.
2. An electronic article according to claim 1, wherein the substrate is polymeric.
3. An electronic article according to claim 2, wherein the polymeric substrate

comprises polyimide, polyester, polyethylene, or a combination thereof.

4. An electronic article according to claim 1, wherein the conductive element is
patterned.
5. An electronic article according to claim 1, wherein the high dielectric composite

has a dielectric constant of from about 4 to about 50.
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11. An electronic article according to claim 10, wherein the
pressure-sensitive adhesive conprises the reaction product of acrylic
precur sorw0 20121238 el ectronic article according to cl aPeTAB20Mi0es989 N t he
acrylic precursors conprise at | east one non-polar acrylic nononer and at

| east one polar acrylic nmononer. 13. An electronic article according to
claim1l1, wherein the filler conprises particles that further conprise a
core body-  14An plgctepnse prtiglsi accerdingdp elagn dowdiets the highaligleatse compesticn t he
core bod%aco1 J%%an@iﬁgy?ﬂ$ﬁ@! particle, a spheroid particle, a flake, or
a fiber. "5 RSN ORI Clarticl e according to claim 14, wherein the core
body conprises a ceramc or a polyner. WO 2011/123263PCT/ US2011/ 028939 16.
An el ectronic article according to claim15 wherein the ceram c conprises
silicon di-oxi den clegtronipgrtigleeseerdimigdo gleithdl wherstothdbmgler eoraprésicsrr 13, wher ei n
t he coretR%%%mLs.substathalh¥ @ollowL 18. An electronic article according
to claim13, BPE IR He BrILK ?f@%F?@Qconducting | ayer substantially
surrounds the core body. 19. An electronic article according to claiml,
wherein el ectrically-conducting conducting |ayer conprises a netal, a netal
al | oy, or8.a comueleetrandc mtickel acoxiltng.to cRom 7Awhetcacthe biider epmapresceamccor di ng to
clain11,2®getein the insulating |ayer conprises a ceramc, or a polyner.

21. An el®8tY6hic article according to claim20, wherein the ceranic
conprises al um num oxi de or silicon oxide.

9. An electronic article according to claim 7, wherein the binder is selected from an

epoxy resin, a cyanate ester resin, a polybutadiene resin, or an acrylic resin.

10.  An electronic article according to claim 8, wherein the binder comprises a

pressure-sensitive adhesive.

11.  An electronic article according to claim 10, wherein the pressure-sensitive adhesive

comprises the reaction product of acrylic precursors.

12. An electronic article according to claim 11, wherein the acrylic precursors

comprise at least one non-polar acrylic monomer and at least one polar acrylic monomer.

13. An electronic article according to claim 1, wherein the filler comprises particles

that further comprise a core body.

14.  An electronic article according to claim 13, wherein the core body comprises a

spherical particle, a spheroid particle, a flake, or a fiber.

15.  An electronic article according to claim 14, wherein the core body comprises a

ceramic or a polymer.
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22. An electronic article according to claim21 further conprising
surface-nodi fi ed nanoparticles. 23. An electronic article according to
claim1l fwothaw128mapri sing a transparent el ectrode i n c@oTaSRoN028Y3e he
electrically-active layer. 24. A display device conprising an electronic
article according to claim?21. 25. A nethod of assenbling a display device
conpri si ng: di sposing a conductive el enent adjacent to a substrate to
form a cofductAneleelinige méz@ge;aca@rémgstp sl 16 peiespia therferapis do@posesatjcatent to
a transparent substrat e; di sposing an electrically-active |ayer

adj acent 1 Ei?ie transparent conductor to forma transparent
electrically-active substrate; applying a high dielectric conposite
adj acent to either the conductive elenent on the conductive substrate, the
el ectri call y- atn pleetronag aiticlgracedrdingrta skaparlénvhektimdhe reralbpgy sovbsientglilyst r at e
or both; ,and | am nating the conductive substrate to the transparent
el ectri c&’ﬂﬂf?yvacti ve substrate so that the high dielectric conposite is

adj acent to both the conductive el enment on the conductive substrate and the
electrically-active |ayer on the transparent electrically-active substrate
to form ti¥e diAptlagtraieyptigle eordingde kadnddcwhetcimghe eleetrigiliy-cddugiinegr ei n t he

hi gh di ellgfetrrsﬁt?sta%?ira{ﬁ}?gﬁr%o%nﬁg{%rc'oﬁe sod%‘ pressure-sensitive adhesive.

19. An electronic article according to claim 1, wherein electrically-conducting

conducting layer comprises a metal, a metal alloy, or a conductive metal oxide.

20. An electronic article according to claim 1, wherein the insulating layer comprises a

ceramic, or a polymer.

21.  Anelectronic article according to claim 20, wherein the ceramic comprises

aluminum oxide or silicon oxide.

22.  An electronic article according to claim 1 further comprising surface-modified
nanoparticles.
23.  An electronic article according to claim 1 further comprising a transparent

electrode in contact with the electrically-active layer.

24. A display device comprising an electronic article according to claim 21.

25. A method of assembling a display device comprising:
disposing a conductive element adjacent to a substrate to form a conductive
substrate;

disposing a transparent conductor adjacent to a transparent substrate;
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disposing an electrically-active layer adjacent to the transparent conductor to form
a transparent electrically-active substrate;

applying a high dielectric composite adjacent to either the conductive element on
the conductive substrate, the electrically-active layer on the transparent electrically-active
substrate or both; and

laminating the conductive substrate to the transparent electrically-active substrate
so that the high dielectric composite is adjacent to both the conductive element on the
conductive substrate and the electrically-active layer on the transparent electrically-active

substrate to form the display device.

26. A method according to claim 25, wherein the high dielectric composite comprises a

pressure-sensitive adhesive.
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