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being irradiated with ultraviolet |light. The
conmposition is useful for attaching a radio frequency
identification tag to a substrate. Background There is
an increasing desire in the electronics industry to
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and expensive due to such problems as “slumping” where adhesive flows beyond the target

application site, excessive waste from die cut films, and reduced throughput with other

materials due to in-line curing steps.

Summary of the Invention

There is still a need for an adhesive composition which can be B-staged quickly
~ and efficiently and which allows for quick assembly of electronic components, such as for
the assembly of radio frequency identiﬁcati.on tags.

Accordingly, the present invention provides an adhesive composition for electronic
assembly comprising a photopolymerizable acrylic resin containing polymerizable
acrylate, a moisture-curable resin including an alkoxy or acyloxy silane terminated
polymer, a photoinitiator for initiating polymerization of the acrylate, and a photoacid
generator for catalyzing a moisture curing reaction of the alkoxy or acyloxy silane
terminated polymer.

An adhesive composition for electronic assembly including a reaction product of a

photopolymerizable acrylic resin containing polymerizable acrylate and a photoinitiator in
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generator for catalyzing a noisture curing reaction of
the al koxy or acyl oxy silane term nated polyner. An
w@odvaa0sses conposition for el ectroni c assenbly PETUSINOTIYN4865

a reaction product of a photopolynerizable acrylic
resin containing polynerizable acrylate and a
photoi nitiator inan anount effective to polynerize the
acrylate, a noisture-curable resin including an al koxy
or acyloxy silane term nated polynmer and an acti vated
catal yst for catalyzing a noisture curing reaction of
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range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80,
4, and 5). The present inventors understand that

adhesi ve resins can bpetiietiBgckption- | | ne

All numbers are herein assumed to be modified by the term “about.” The recitation
of numerical ranges by endpoints includes all numbers subsumed within that range (e.g.,

1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

The present inventors understand that adhesive resins can be applied by in-line
sequential dispensing, adhesive printing, or using film adhesives. However, in-line
dispensing is inefficient and expensive, for example because it takes time to index the
dispensing head to the multiple bond locations. Moreover, to facilitate dispensing from
the head, many resins must include solvents to reduce resin viscosity to a dispensable
range. This lowered viscosity allows the resin to flow beyond the original application site,
also known as “slumping.”

Another useful method of applying adhesive is screen or stencil printing, where
adhesive is applied through a stencil so that the adhesive is applied in the desired position.

Screen printing allows simultaneous application to multiple bond sites, so it is less
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sequential dispensing, adhesive printing, or using
fil madhesi ves. However, in-line dispensing is
w0 p@f7fidsspent and expensive, for exanpl e becauseCT/US2007/004865
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the composition is fully cured substantially. The present invention provides for fast
assembly of electronic components, such as RFID tags, increasing overall production
efficiency.

The composition of the present invention is printed onto an adherent or a substrate
in a predetermined pattern. Then, the composition is irradiated to activate the acrylate
polymerizing photoinitiator and the photoacid generator. In one method, the irradiation is
via ultraviolet (UV) light. After irradiation, the acrylate polymerizing photoinitiator forms
free radicals, which rapidly initiates polymerization of the acrylate resin. The polymerized

acrylate increases the viscosity of the composition to B-stage the composition so that it

will remain in the predetermined pattern. The irradiation also activates the photoacid

-3-



10

15

20

25

30

preferably ultraviolet light irradiation. The present
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quantities that they do not substantially interfere with the acid generated by the photoacid

generator or with the moisture cure reaction by reacting with the akoxy or acyloxy silane
groups. In one embodiment, the acrylate resin comprises phenoxy ethyl acrylafe, or
AGEFLEX PEA, manufactured by Ciba Specialty Chemicals (Tarrytown, ND).

The weight percentage of the acrylic resin in the adhesive compound should be
large enough so that the B-staged adhesive compound has sufficient holding strength
before curing, or green strength, to hold the substrate to the adherent during the moisture
cure reaction. In one embodiment, the percentage of the acrylic resin, by weight, in the
adhesive composition is at least about 20%, preferably at least about 30%, and more
preferably at least about 50%. The weight percentage of the acrylic resin should be low

enough so that the corresponding moisture cure resin will provide the desired structural
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used in the B-staging resin may include phenoxy et hyl
acrylate, t-butylcyclohexl acrylate, hexadecyl
wa@eowyhessey i sobornyl acryl ate, ethyl hexyl acryPEr/ESmn7/004865

conbi nations thereof. Difunctional acrylates, i.e.

nol ecul es having two acryl ate groups, also may be used

in quantities that would not interfere with the

adhesi on properties of the B-staged adhesive
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irradigHemdRgreating thesadhgsiye comppsiferis MiskopaquitshedE Figee fhe
adheﬁgﬁ: E%rgﬁ‘osﬁ?&?' 'ﬁxitsé)rg%% RS mpd&HON HRW ﬂpwﬁ%s%%ntially beyond
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adhesi ve conpound has.sufficient hol di trength i
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acrylates of the acrylic resin are polynerized mh$p
meﬂwhgypi@ﬁbmgobﬁ e DPAROCUR 1173, or 1-hydroxycyclohexyl phenyl ketone,

sold as IRGACURE 184, both sold by Ciba Specialty Chemicals.

In one embodiment, there are at least about 0.1 grams, and preferably at least about
0.25 grams of photoinitiator per gram of acrylate. In another embodiment, there are no
more than about 5 grams, and preferably no more than about 2 grams of photoinitiator per
gram of acrylate. The weight percentage of the photoinitiator in the adhesive composition
can be at least about 0.05%, and preferably at least about 0.15%, and no more than about
2.5%, preferably no more than about 1%.

After being irradiated, the photoinitiator initiates a polymerization reaction of the

acrylates, which causes the adhesive composition to increase in viscosity. The increase in
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Where R;, Ry, and Rj are organic groups having between 1 and 4 carbon atoms.
Preferably, the R groups are alkyl groups have a small number of carbon atoms, i.e. 1 or 2
per group, so that the alcohols formed during the acid catalyzed hydrolysis reaction
volatize to drive the equilibrium of the reaction. R;, R, and R3 may each be different
alkane groups, or they may all be the same alkane group (i.e.—Si(OR)3). In one
embodiment, the alkoxy silane group is a trimethyloxy silane having the formula
—Si(OCHs);.
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After being irradiated, the photoinitiator initiates a
pol yneri zati on reaction of the acryl ates, which causes
WO b@7a0H8e3i ve conposition to increase in viscoBCT/YS2001e04865
i ncrease inviscosity should be such that the adhesive
conmpound remains essentially within the predeterm ned
printed pattern, mnim zing slunping. The noisture
curabl e resin conponent of the adhesive conposition of
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backbgpesa PR LHE LSO E5P e GROLGOSH Gl S, g Bpferts Eroups
whiclmk%ﬁs bf lifiest! Blandhed, 81dcR Q% gratesdiistraflon. Ninlbne enfsddimknt, the
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because the noi sture cure reaction of acyloxy sil anes

more flmnmboshBO6x preferablyi npsmers thamgprw 0, moysiRER{CFAb)y e more than

about 60% LS o MHehah B8V ELShpdsAL conmponents which the
adhesi've “conposition adheres together. Therefore, the

mih $ht embodirmentethieradhedive compdritictestihielpaeseatinvantiemfugider

incluc?%éa?&%e‘fp{tilagglqu%]d Bzﬁgi%érbg mﬁ?ﬁ{ﬁ%@“gb‘%@# {?ﬁ\{l}%}ja%,?gpe alkoxy or
acylok? il R rinal Eaﬁ@s gfOipude® s¢ parbefitheRagieaioniponndt Mac
diftmgticl;?a)l( )c/:(S)xlnlpgggd al?gw's:, 21%ssqienrl]uerggall)etivggrrlntjkleaﬁol}%qclryllate?for%:\)ezd lgr:etsne
acrylic resin during B-staging and the crosslinked silane terminated polymer formed
during the moisture cured adhesive composition. The difunctional compound thus allows
the B-stage network and the moisture cure network to be linked together.

The alkoxy silane terminated polymers are cured and crosslinked via an acid
catalyzed moisture cure reaction. Preferably, the photoacid generator is degraded by light
irradiation, and preferably by UV light, which releases a strong acid or Lewis acid
effective to catalyze the moisture cure. The selection of an appropriate photoacid
generator, UV source, and UV wavelength to effectively catalyze the moisture cure
reaction are within the skill of the art. In one embodiment, the photoacid generator is
activated by UV light having a wavelength of at least about 250 nanometers, preferably at
least about 300 nanometers, more preferably at least about 310 nanometers, and in one
embodiment no more than about 450 nanometers, preferably no more than about
400 nanometers, more preferably no more than about 365 nanometers. An example of a
photoacid generator which is useful in the adhesive composition of the present invention is
an iodonium salt such as diaryliodonium tetra(pentafluorophenyl)borate, sold as
RHODORSIL 2074 by Rhodia Silicones (Cranbury, NJ).
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between 1 and 4 carbon atons. Preferably, the R groups
War®@7addsy3 gr oups have a small nunber of car boPCHUS2087/004865
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all be the sane al kane group (i.e. -Si(OR) ) . In one

enbodi nent, the al koxy silane group is a trinethyl oxy

Silhane ehﬁ)oidhgextthmef@ismu least BioQOCH Buds, Tl la'bfemad;ly at least about

S|Ian n roup may be inco rateqd onto a w .
025 St oL R o PSR- oSl Bivmer i, T
anoth@t k:\abo&h%@ Stherd!i¥ ho S éHE Bgan DBt HeramE aha #ﬁét@téﬁw Hdinoke than

may be of I’i near, branched, block or
aboutch gesmms aftrihetnacichgenceatenprs s of alkory s %%Waé%f’r polymer resin.

The ngéh{] eﬁgﬁ‘i‘lt%e tﬁaﬁgl)tégéﬁgeg%g%@ﬁp da%teéﬁggx ?g‘?g&gon of the

presel{ainvkaticiemnag beat peas( dtous 0.66%, 'ﬁm) prédferablyeatd pdsd dbtmtlﬂ; 15%. The
t he noi sture, cu s at. | east, about

el GIARE PLAbe DRSPS sBuroispaleo Fameb SROTST AR ot 2.5 %

prefekds ho alfd tha¥oubY opei ght, of the adhesive
conposi tion of the present invention. In one

enBoei hereid earlysids Sarmned. theralkoxyssilang end,grapps geachyifh water in
8 a80%b ?(SI%?L € FoosAnL! f‘?IQ:/ﬂesﬂ':iﬁﬁuded
thepﬁg&%%rab yano nor e t %gB%t 60% by méig ht of
triall@ﬁhﬂmne eroupsp e ﬁnsmmd t:atakyned mabldeh ifent , t he adheS| ve
conposi tion of the present invention further includes
a di functi onal qgound havi ng bot h ylate
functional group nd the al koxy or ?’ | oxy sil ane
term nal groups are includedgas part !of the sane
conpound. Thé di PuncPRadEP conmpound 3 T
crosslinki ng bet Ween t he polyacrylatés formed by the
acrylic resin dur®®g B-staging and t K8 crosslinked"
silane term nated pol yner forned during the noisture
cured_ adhesi ve canposition. functional_c un .
forming atrighilangd. Hhe Hh-18 %Fgaé?tlﬂ%f’% >1€t aﬁ@ﬁt Tracten- s%’ﬁ??%g@&ﬁg‘e acid
catal? ﬁ?f&iut:@d Qﬁoﬁ H%ﬁ@aﬁdﬁﬁlﬁ{tﬁ@ﬁhotg&ﬁd 3kk&rsibor debctiRd above. In most
nated polyners are cured and crossl|inked via_ an
situations] the water needed for the silanol forming reaction is drawn from the moisture in
the atmosphere or the substrates so that the addition of water is not necessary.

After silanols are formed, they react with each other to crosslink and cure the resin:

| I
OH O O

. | |
—Si—OH —* —/si— Si

| I |
OH P f_‘)
—Si— O — Si

| |
O O

The entire moisture cure mechanism is relatively slow reaction compared to the

B-staging reaction that polymerizes the acrylic resin. The relatively slower kinetics of this
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catal yzed noi sture cure reaction. Preferably, the
phot oaci d generator is degraded by light irradiation,
waea7pessper ably by UV [ight, which rel eases a BCT/USH07/004865
acid or Lewis acid effective to catalyze the noisture
cure. The selection of an appropriate photoacid
generator, WV source, and WV wavelength to effectively
catal yze the noisture cure reaction are within the
skill of the art. In one enbodi nent, the photoacid
generator is activated by UV |light having a wavel ength
mechahisa all Radle sabrutigg&thgenanairediation tofigitiatel hotRtedctiand so that
about 300 nanoneters, nore preferably a as abog,t )
the adhesivieFRaHRORKIOR 1S Brtfagsd Hiida BlofEIRmAR ARy %‘%Wgﬁ iation, but
whlclfi1 QQUst ncﬁ‘cﬂll{ﬂ e hi® Belatepﬁ&t: eélﬁm/ﬁﬂ R2ndRY She §1ARARAMH adherent to
nanoneters, nore preferably no nore than about 5
be prnawbneltgnesl befigre @wan@ isecampplgtep H&rcﬁreﬁase@mpml%@n iftiaeky enough
use h |
to ho c? the 5 I)sl'{rate am} cﬁxere Qefr% 1oee %ﬁ{lgg e mols l'l.g'g cm%ﬂ%&io on?g uiring

m Sa raryli
addltlcﬁfa[ alelﬁ@mgafllnwamkt&mlyﬂnmtoﬂ&trﬁoisﬁmé duragafdd@DIast dAbaP ¥4 hours,

PO R DN M e T———

aboul: E AdtrsaRAdmleteDalldvits fBf plehst cﬁ&ﬁhé’ af&igladiafion RE engiréthat there
al koxy S|Iane termnated polyner resin. In another

is ad@qv@mqf»éam epfrendhg gdh%lwmo@nmﬁwna%lﬂlber@? g the pdherent.
0 Gk 1
he BRSSP aBER L B R0 o 30EEHOARS! e
require:Sa Bepafdte tlmmghd:urp steparfipdapengthetehertionist auepahents with a heated
gf&grator in the adhesive conposition of the present
ntion may be at | east about 0.05% and preferably

at The aghesARUsm st mdy rctRiegiaditimal; optiogs cdingdnents. One
phot oaci d generator_ al so may, be no npre than about 2.5

compgnept whishapay bpaddadte the, adhesiyg FOmpRRIEn S thiyRregeitdnvention is a
li ght%@h.ﬁh%’eﬁ'tor Ipﬁo{o%r};@ﬁizer 1 8idath %Mat?dﬂ SNshoReUid é&ib?&ldr?@'ﬁfch

presence of the acid to formsil anol
catalyeathe moﬁsiureeomcrmaetlom f Théphotesinsitizgr shaddhave low basicity,

mea?lgggl?z% gﬁe}/ glgqtg{]eﬁm O n&gﬁﬁs%tag? Qﬁtgﬁ&%t\gfty ﬁ?edamd formed by

the photoacid generator, which would undesirably interfere with the moisture cure

reaction.

An example of a photosensitizer useful with the present invention is the
isopropythioxanthone available as ITX from First Chemical Corp. (Pascagoula, MS). In
one embodiment, the weight percentage of the photosensitizer in the adhesive composition
is at least about 0.01 %, preferably at least about 0.025 %, and no more than about 0.5 %,
preferably no more than about 0.15 %. In one embodiment, there is at least about
0.05 grams of photosensitizer, preferably at least about 0.1 grams of photosensitizer per
gram of photoacid generator. In another embodiment, there are no more than about
0.2 grams, preferably no more than about 0.25 grams of photosensitizer per gram of
photoacid generator.

In one embodiment, the adhesive composition includes a thixotropic filler to
prevent the adhesive composition from slumping beyond the predetermined footprint

before the composition can be B-staged and cured. An example of a thixotropic agent
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I I OR3 OHformng a tri-silanol. The H+ is the active
catal yst of this reaction. Preferably, the acid

W@ a60ahgssps i s produced upon degradation of the PDUSHOT/E4865
generator descri bed above. In nost situations, the
wat er needed for the silanol formng reaction is drawn
fromthe noisture in the atnosphere or the substrates
so that the addition of water is not necessary. After
silanols are formed, they react with each other to
crosslink and cure the resin: I | OHOOI | 4 Si- OH

usefuﬁin Qe‘adhes‘ilre torhpositiordRhe peesent infentian istalsilicone teated sﬂlca such
hanismis relatively sl og re_ tion corrp% d to t

as A%i@ﬁggﬁzg praitableRomgeysst (e %T§1Pcpﬁ’é>’ Dy I ene gy Hdlment

the wIig%t belcRhia¥ebY thaiRWBroficR@EACH tﬁé aaﬁus%%msﬁmnah hOWast about
e same trlggerlng event, |rrad|at|on toinitiate

1 %, mﬂ preferablyi ab irnstsabouh é% tIneanaties gmbedumm;o@.e tvyedghtipgrcentage of
taged a a [ t o
e AL RE R Y TR B oA B e ot 106
I 6ﬁ' cﬁf sotnd@phaﬁticﬁmd i ghdyi beeddsirabliehe isdhidd & edeluatice pathway for

adherent to be pro erly ali fore [ [
electicalgpriustiophetpcen;t 3@@?&%&3@ tﬁ? fhefiatc, g’ﬁ%ﬁ;&gfﬁr@,ﬂnﬁ 0
embd¥@hént BEndIERSE pakitleaRe BIRAGERo tH d&hﬁﬁ)@lt%rﬂe@&etptﬁﬁmng In one

noi sture cure W thout requiring additional clanp
embadimenie ifthp semduskive PM@W%PW@MCWE ﬂ@eawe@hapem@argze of the

condﬁ%%t rag'tn? g aET thQr @(p&}fn ?&%bolnt k11‘Z’/fi',hprﬁféﬁjzgoly at

ours re erab y no nore
least abouttS %. Hawmsthet emboalrpiemt ethe steightiperpehtage pf gietopndfictive particles

i o R Sl 35k et SR T  lFry pe mor
than 8bHR 1102%E A R&EnigIe ofethiRtieiVe particles which may be used in the adhesive
composition are silver-covered glass particles such as Ag/glass 43 micrometers by Potters
Industries Inc. (Valley Forge, PA).

The electrically conductive particles used may be conductive particles such as
carbon particles or metal particles of silver, copper, nickel, gold, tin, zinc, platinum,
palladium, iron, tungsten, molybdenum, solder or the like, or particles prepared by
covering the surface of these particles with a conductive coating of a metal or the like. Itis
also possible to use non-conductive particles of a polymer such as polyethylene,
polystyrene, phenol resin, epoxide resin, acryl resin or benzoguanamine resin, or glass
beads, silica, graphite or a ceramic, whose surfaces have been covered with a conductive
coating of a metal or the like.

The electrically conductive particles are found in a variety of shapes (spherical,
ellipsoidal, cylindrical, flakes, needle, whisker, platelet, agglomerate, crystal, acicular).
The particle may have a slightly rough or spiked surface. The shape of the electrically
conductive particles is not particularly limited. Combinations of particle shapes, sizes, and
hardness may be used in the compositions of the invention.

A method of adhering a substrate to an adherent in an electrical component is also
provided which includes the steps of providing an adhesive composition comprising an

acrylic resin containing polymerizable acrylates, a moisture-curable alkoxy or acyloxy
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The noi sture cure al so decreases manufacturing costs
for applications that fornmerly required a separate
wao bh@rmedsoture step of placing the el ectronic cRCpUSI®NT/E4865

with a heated thernode. The adhesive conposition may
i nclude additional, optional conponents. One conponent
whi ch may be added to the adhesive conposition of the
present invention is a light sensitizer or
phot osensitizer to aid the initiation of photoacid
generation which catal yzes the noisture cure reaction.

siland empiupé Opapmiet,i azgtotsihitiatat foapayhevzhpsthe atyylate and aghotoacid
t hat_ t he ghotosen5|t|zer does nqt Sﬁg stanti al | . .

geneipifir Py eelVAIER BRENUE PHOrEIGHER Byns REOKAGE B silane terminated

polyrﬁ@xn %f&h@i‘hg aMiibSRat¥y Qb id Adh@@n\f ]ﬂrbﬂﬁhé BhLadMebive LBRposition
noi sture cure reaction. exanpl e o

onto Precubsteaisi suich s by peintingyirmapiating thy adhestveicommesition with light,

such %%Slhla%?cﬁ Qt&gﬁtthép?)@ﬁé 1 Oaﬁc}h%}/e cﬁﬁg%ﬁleeﬁé%%%% E&#ﬁ&smon and

allomhgthmmlgdmy qneaogmnyaglen@fermhmtqspdym s ntoistere dure $dthat the

adhesi ye on is at | east about 0.01 %
Sub“ﬁ?%#@?éﬁr tg?@@@?‘ﬁbout 0.025 % and no nore than

abpuy irfhdeatif REEIMRMARS Yrdilatifip the amlw@iﬁp&uﬁu Yth bIUV lamp
one enbodi nent, there is at | east about gr ans of

haviggh g BeiEREPUIPER capiethe phpiojnitiator &gth%mlgh @ef ragfigats to
polyrﬁgnﬂ{j‘@k%\%%%ﬁtﬂ mfaﬁ'ﬁer%tloﬂ m@ﬁeé}g@é @é‘iﬂh@t&%ﬂﬁé&te%or thRelease

there are no nore than about
the agidaatly g def@itellapove Impme mé¢thad.dbe MV Qa2 isp Emsoxmfamp

A SSE H  SE Sh AT BIEMERS Bl fo. oe

adhetile %61 [fp@ﬁh@nfahﬂ lsabstiate 41t esgtnhrouah thel s scetmom@@ﬂhéslm
from sl unpi ng beyond the redeter?1 dfot%rlnt
CompRSfMENPRE SR tdospeecefirbaut BoJicag e dF Arthe Euvign Uhipmp

descﬁ%@%v% fHis fha ?*He&%érﬁﬁﬁ&eé%? %&ﬁﬁé e ddhebile c@ﬁ%@ﬁhgﬁ and

nposition o resent Tnventfon is a silicone
substrate ahx@dgb ithe lasp fSlﬂlofhtean aheRAS) feeRpgominpsg (apbraximatgh 3 meters

or g sa Corp. (Parsippany, NJ). In one enbodi nent, the
per I gﬁt percentage of the thixotropic agent in the

adifsndecttanpedéies ar préseat, ahedstricdd cuhnection between the substrate

and the adherent is established after irradiating the adhesive composition and applying the

adherent to the adhesive composition. The adherent is rapidly pressed against the
substrate, providing an electrical path between contacting pads via the conductive
particles.

The electronic assembly of the present invention can be made by any known
method, such as the method disclosed in US 2005/0282355 Edwards et al.,
US 2005/0270757, and U.S. Patent 6,946,408 Ferguson et al. However, the composition
of the present invention can be printed, B-staged to prevent undesirable slumping, to
provide sufficient green strength, and to retain placement during a subsequent, off-line
moisture cure.

In a preferred method, one of the substrate and the adherent is an antenna bonded
to a strap and the other of the substrate and the adherent is an integrated circuit (IC) chip

packaged in a chip strap associated with the antenna so that when the antenna and IC chip
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1% and preferably at |east about 5% In another
enbodi nent, the wei ght percentage of the thixotropic
W@®ntossss no nore than about 15 % preferably POI/DB2087/004865
than about 10 % For some applications, it may be
desirable to include a conductive pathway for
el ectrical conduction between the adherent and the
substrate. Therefore, in one enbodi ment, conductive
particles are blended into the conposition before
printing. In one enbodinent, if the conductive
are adhﬁfefdi t@lg%ﬁelaf)emp rrﬁﬁleﬁi'T ciirbé ad]lrl]dfséve/mirmbnsnpnr , teforag e rasfio
t he .conduct.i v ticles within the adhesi
frequensiddeniIeaHon GRAID) tais 13 SbmetRs) & GhaRLp 4 SF IR arcenygg are

place@BRYUlroft @l ald3rREV Mg SIPARY BEIE chipd@Qrd'$1abét on a second roll,

percentage of the conduct Ive particles 1n the adhesive
sometimep oferredte as & stmpe SBretanténmnanoll apd A€ chimsiraprantbepdaagd in a

roll- ttg gﬁg r?b eatb%{lr t{hla 95?\9 n]tg%s%a%rggx ?’#@{Iﬂ@?% di 1ckl onto the

pluramyl'tﬁ@ﬁtetrmaa aﬁpixedabhﬂmed @osdebﬁﬂcq:ﬁe&@enqhag tto dieepx)sswmmfathe strap
Ag/ gl ass 43 mcrorre Potters.l.ndustries J.nc, .
atacly Py A GE R THECBRUET FBRPTJOL B ER LFLAed with UV

light %Jl&ﬁlleﬁ% H&ea@rﬂﬁﬁés D8 sERRHEURL biResPA ddrepstici @fid aétwate the acid
carbon particles or netal particles of silver, pP 4
age

catalyst,clgalescrifisdbove.nThe [ G ehipgitrapiin thep qentacted; with ﬂ}"’r%‘ﬁ
adhegl‘%] %g%&%y {oY RIS ?{%ng@%%gﬁg a}lﬁﬁﬁa il mﬁﬁfl&%'l@l ¥ strap.

COVerin ese particles
Prefembﬂﬁ the HO obipostiapendeatdnng rall ag coptprbssed tegeghdri fos example by

POSSi e non-conductive. part cIe .
rotingo RERD Rt sty Biigharheeity ierFieRE Vel Hecica
contdcBBétvec B dh@sive Sobmposi€iby bnd €8 IC ehip b&lh,zai@lllﬁﬂ\a&rﬂhe adhesive

resin, or glass beads, siljica, graphite or e
comngistion adithe arisnnminll. bEkametsier sl fithe sesibHAbPPY Reettical

conta%?@é ﬂ{e I’k &k % eg bnd gﬁt hhd 1. T&ﬁeﬂh@?ﬁ&bﬁ% J:ﬁfe the RFID

CORTUCET Ve part are foun i'n a variety of shapes :
asserqBlyheay batyt 1atol m;ismiwh& RFIDyagsy dr inzaalbe suppkedto [Rapplying

whi s rrerat cryst al, acicular).
machipgW g\}fﬁkﬁpﬂlss ﬁt@sﬁﬁf% Py qedf v>'rough or spiked
suplegativdiRethehapesioé céipositi@ctar aptiyted @ndhie1C ‘¢H}p strap first

articles Is not partlcularlyllmted Oonblntl af
and tggppﬁegp%r(gh%p@elge wiih ghe adhesive composition stagmg The

moisture cure of the adhesive composnion eventually is completed and the assembly is
complete.

Preferably, the assembly is rolled up for easier storage and so that the antenna strap
and the IC chip strap are compressed into the adhesive composition to provide for
adequate contact while the adhesive composition completes the moisture cure.

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.

-12-



10

15

har dness nmay be used in the conpositions of the

i nventi on.
w@oioenessps i n

an el ectri cal

A nmet hod of adhering a substrate to an
conponent

i s al so pPOVUSEA7/004865

whi ch includes the steps of providing an adhesive
conmposition conprising an acrylic resin containing

pol yneri zabl

acyl oxysil ane term nated pol yner,
pol ymeri zi ng the acryl ates,

e acryl ates, a noi st

and

ure-curabl e al koxy or
a photoinitiator for
a phot oaci d gener at or

for catalyzing a noisture cure reaction of the al koxy

or acyl oxy silane term n@Exashples yner ;

provi di ng a

substrate; providing an adherent; applying the
List of Materialg conp05|t|on onto the substrate such as by
TT&?{D@Q@HQM) fradratt gy, fd€ adnesive COMpoSHELGHtnt N
Enﬂsuc as uItraV|oIet l'i ght; applying the
Yol et —t-o-t ho | s adlr at ad ad”b\ e uuuptr\.n + aﬂd
AGHFLE gEf\he Cm SRyt Chgmisals | FhspRo SRR draiat
polynmer to apytoawvn N3 S0 thatl t hp substrate is
ad#e%x 880t o ttiéa@&héﬁeém Cotthe i r | ddkexysilgne teaminaied pelyether
i rradiating [t(Heustdhe¥XYe conposiftion with a UV | anp
HIBLOBY $07 f | |diletion Spéqalty t 0 caud &Epoltg regdot oi ni ti at or

aeryl ate pol

to form enoudthentiealsjidi cal s to

VERusoal TH) and to g

pol yneri ze the
egrade the photoacid

heoet .ot

Q.5

adhdlive conplje

1/ cn B

& Gt

R:
a$ 0

aRIepImeteison

rhg/glss 43 con

hqtisrendystees do-ng
illeyiForge £t hr ou

Dﬂﬁﬁﬁf@qul 780 G’Ji%]a e&ialt) @h@ﬁh@’a1§Cltﬁfﬁ&ﬂoxi—@sﬁl'étlﬁ%roplophenone
above. I'n ong ,Njje W lanp is a Fusion
V SJysle :
@b@%gksm ed Modr_l;%sgfbléné’ | he o

i1 Filvep ﬁ%eg?q, glass spheres

h the lanp at a rate

ofSraBodr 10
per mnute).

f @elestdoc. (Momiseilleap
PA) conductive parti

rlOrianeily lcgtoBateet er s
cles are present, an

aoierem7oi S

ghehkemReal comahei Oorpb RueeHill,N

esCpbl i shed after ir

eSdidydichakerasid t he
radi ati ng the adhesive

AFHOSE! RHEN

composi tion.

apjgg‘gggby,hpg the adh

eslﬁaénet@ea&é‘cﬁsméaeSI ve

dl'y pressed agai nst

Paripher Ry 1S T an

A L e
tme—substT=at

, Proviartig aln erectricat

Pal h—betrween

contacting pads via the conductive
Preparation of Catalyst Solution 1

RHODORSIL 2074 (38 weight %) and ITX (3.8 weight %) were dissolved in
Heloxy 107 to make a first catalyst stock solution.

Preparation of Catalyst Solution 2

RHODORSIL 2074 (38 weight %) and ITX (7.6 weight %) were dissolved in PEA

to make a second catalyst stock solution.

Example 1

Phenoxy ethyl acrylate (PEA) (49.3 parts per hundred (pph) of total mixture),
SAX 350 (32.8 pph), DAROCUR 1173 (0.7 pph) and Catalyst Solution 1 (2.63 pph) were
mixed in a Speedmixer DAC 400 FVZ for one minute at 2200 revolutions per minute

(RPM). A thixotropic agent, AEROSIL R202 (4.0 pph) was added to the mixture and the

-13-




particles. The el ectronic assenbly of the present
i nvention can be made by any known net hod, such as the
woredonoeBses scl osed in US 2005/ 0282355 Edwar ds ePCHIUS2001484865

2005/ 0270757, and U.S. Patent 6, 940, 408 Ferguson et

al . However, the conposition of the present invention

can be printed, B-staged to prevent undesirable

sl unping, to provide sufficient green strength,

retain placenent during a subsequent, off-1line

noi sture cure. In a preferred nmethod, one of the
new Hixpsdendsamied fohBreedhinuesstwitls ﬂmnDamt e abnmm he

strap and the qther of the su and t r nt
conduciiv el ey AR S5 e B IBITORFIS) ik Bo Rk ey edetdo A ffdye

mixtutd aﬁ‘@tmh%ﬁ& Whd Rm&éaeor%%qm@ ket fRt1 WiRe M@oo RPM.
antenna and | C chi pare adhered together by the
The miptwe was stare¢ih aglaeds oep pmﬁ?s@@l froorambientlights a radi o
uency ent | a
pl(gé]rgpartayv%gxgpp% g)‘n?gé%ﬁae are p%lﬁ]gles brhntot&hﬁ’ol Iérgg’gep afed from
the mariabsaedinTDatiésul and 2 yusidg the sategrocese thatt sae dsahtogprepare
second roll, sonetimes referred to as a strap. The
§énna roll and IC chip strap can be placed in a
roll-to-roll configuration so that the adhesive

conposi tion nmay be printedqgu ¢kly onto the plurality
f antennae at predeterm ned positions corresponding

and to
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~—+

—_—— —

o the positi
ntenna. The

bExahplete
adhesi ve

Somparativeas
c obpaspleidn

Ko qnapasetiven
i Example Br

§praparptive
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descri bed
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eIC
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TUll1

e

\wet
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he REI D%
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senbl y

yDDC

Hery,

bl ectri-cal—d
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oht-aect hgf\
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—or—exanpte_by
because pf

essi ng

non + hao
\ wp g | tIIV

t heolytipe i ve

dRealyst conp

Hhg—and
hSi tion a
LONPOSif

nd the"IC chip rorl,

n_and the 4

ntenna roll

and between

The

sAohe cure

of the r

bsin stabili

zes d0ectri

cal

OAEROSIhet wed
AfRR02t he noi

sture cur

bn t4He |1 C

chi p4$&trap
¢, the RFID

and 4dtenng rol #.1

Ag/glass -43
micrometers

12.2

12.2

12.3

12.4

Table 2

Example 2

Example 3

Example 4

PEA

69

46

23

SAX 350

23

46

68

DAROCUR 1173

9

.9

9

Catalyst Solution 1

-

Catalyst Solution 2

2.6

2.6

2.6

AEROSIL R202

4.6

4.6

4.6

Parts per hundred of total mixture
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assenbly may be cut into individual RFID tags, or may
be supplied to an RFI D applyi ng machi ne which applies
WORRI0D10889% t 0 ot her products. Alternatively, tPEI/US2007/004865

adhesi ve conposition can be printed on the IC chip

strap first and the antenna roll can be contacted with

t he adhesi ve conposition after B-staging. The noisture

cure of the adhesive conposition eventually is

conpl eted and the assenbly is conplete. Preferably,

the assenbly is rolled up for easier storage and so
Stabilll’yibf Ehﬂn@l‘ds&ftﬁﬁnb‘bhﬁ&nmni'atm aribidnitpatstospher@rand protected

ress to. th dhesi Y&, o ition to provide
from ey DlSC ek 40 JRSCF RRERIP e AT b o caRpB I fponeh to be
combgqu&§&@§iﬁ¢@mﬂ@23ture cure. (Objects and advant ages of
his invention are further illustrated by the
fO||0MAng exanpl es, but the particular nmaterials and
anDunts t hereof recited iﬂLhEéke exanples as well as
¢!L ket Eundi tons—and—detarirs; E‘:‘: u nmot—be Tonstrued
|on a

IyIim'tthisinvent rmles Li st of
(Miﬁ@rrh@JreSEEixﬁpﬁr@ti on of CatGdly aporbalixing Arihg BHERAERBOL

2074 (QR \Wel ﬁhf OA anrl - TX /’2 ] \Anl nhf OA wer-e

%@B%P%%EKWP@I%W 107 to |fdRdO¥TS [ rst catal yst stock

soImuIl tTom of —CatA of ution 2 RACDORSITC
(; 12 ?gge]\%gi&g d A__and | TXI( hgﬁ&v\eurs ght_% were

di ssolved in PEA to nmake a second cat al yst stock

anpl e hen 4
oS B8 st AR o ERGABEN, Siththe Bopialhfeced Gyl o
Compatative Brimhple@ARGTRRO 1:5135'5( for themio)staed-ufiap absis,tshow adequate
Solution 1 (2.63 pph) were mixed in a Speedm xer DAC
VW"kHQd“?¢EﬂF6£eHW§‘ﬁ?ﬁﬁte at 2200 revol utions per mnute
(RPM. A thixotropic agent, AERCSIL R202 (4.0 pph) was

t X}
cur s Sy e e ok

approximately 4 mils (approximately 0.1 mm) thick on treated Kraft paper using a knife-

edge coater. The coated samples were irradiated with 0.5 J/cm2 (UV A) (Fusion UV
Curing lamp model LC-6). The time for the coated, irradiated samples to cure to a tough,

leathery film was recorded.

Table 3
Example 1 <1 hour
Comparative Example A Could not be coated
Comparative Example B > 2 hours
Comparative Example C > 48 hours

These observations demonstrate that shorter cure times are achieved with the
photoacid generator as compared to the thermal cure catalyst, such as tin acetylacetonate.
Comparative Example C, with no catalyst did not cure to a tough leathery film even after
48 hours.
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conductive particles, Ag/glass - 43 mcroneter (12.2
pph), were added to the above m xture and the new
worRoorness9swas m xed on the DAC m xer for 1 m nuPEI/ES2007/004865
2200 RPM The mixture was stored in a plastic cup
protected from anbient |ight. Conparative Exanples A
B, and C and Exanples 2 through 4 were prepared from
the materials listed in Tables 1 and 2, using the sane
process that was used to prepare Exanple 1. Table 1
Parts per hundred of total m xtureStability of
Coathigg (ireaindt Adhdsianbf Eapplatdige, anbi ent at nosphere
and protected from anbi ent L}ght” The_ tine for the
s apieplen2elvers fgatzdonte 2 pelygeter ingfisiPeshd iijh serpegdiand coater.
. Do Tahl Tanl e .
The G PYER o e TG fomm ARl % i, 2200 and run at
50 fegtapeanyitite (appro€ungtalyats meteEpammpinie), WietlRV rexposedalilysst were

s BN 0B S8 A SRR G P

agairsoaetchrmrraimcalnwégwxifiﬁit?y 5@m by b &nafilae gyf \{mm%w rﬁﬁ; tﬁiksqioﬁﬁ the

approximately 4 m approxi mgtely 0. thick on,

glassi3figs ceeld e gptily apsled BePh OB ‘it‘ﬁn%’fh_é‘ed’a? gy verpplaced in a

contrbféd _ﬁﬁimﬁﬁmg?%)"i%{)ﬁl fok bAMbadse A fdrtihis Qinve, ThE A WireBonsiderably
w del LGC-6). Th h ‘

(Fusi on ring lanp nodel LG 6). e 'time for the

less tgdat andl the glage shdesovergdiffisyltite remeee fromghe bingh, Adhesion of
; !

Eeny IR e bR SR 05 e 10 Sl R AR b BRupte 2

t he photoacid generator as conpared to the thernal

cure catalyst, such as tin acetyl acetonate.

Conparative Exanple C, with no catalyst did not cure

to a tough leathery filmeven after 48 hours. Coati ng,

Cure and Adhesion of Exanples 2-4.
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Exanpl es 2-4 were coated onto a polyester |iner using
a 3 ml| gapped hand coater. The sanples were then
wexpodessodn t he Fusion | anp equi pped with an Hd@UUR20aTI0D4865

run at 50 feet per mnute (approximtely 15 neter per
m nute). The WV exposed filns were slightly tacky for
Exanple 2 to very tacky for Exanple 4. A glass slide
was pressed agai nst each filmin an approximately 5 cm
by 5 cmarea of contact. At this point, the glass
slide could be easily peeled away fromthe film The

Claimsanpl es were placed in a controlled humdity (50%
room for 24 hours. After this tinme, the filnms were
consi derably | ess tacky and the glass slides were

1.  diAfadbesive compegitbor farraleatonic assei@bly QINEEIRE of

Exa e . i-Ch
BBl Bafl SRl SRl fopibobiing Dol le horlle
ad hesistvee-caaple sedin diclfiding ahatkaxyriracplesy siline terminated polymer;
conpri si ng: phot gpol ri zabl e acr.ylic,resin
cé%ﬁ?%‘i“ﬁ@tobgq’r)}ﬁﬁ’rait‘g‘gm%g‘? ’ﬁi‘rﬁﬂ?‘&?@?s &r?ﬁfyé?’tﬁ’r T abl e
I §$inBtdabil gsletordr B4tk $Ine0d madfHlieX)rifg kation ef saidallecky or
pol'ymer; a photoinitiator for initiating
acyloyiosilanerterazinated pefymeti d acryl ate; and a photoacid
generator for catalyzing a noisture curing reaction of
sai d al koxy or acyloxy silane term nated polynmer. 2. )
2. Anmatdiesive eompogition taccordigrtoradidimgl  twhestinisaidiacryigter afisaid acrylic
. said acrylate of said acr.ylic.r.esin.i I d
resin fcfrstts) o pressy RhT R el FolGR Dok ALE i Bty
acryldi6 i S6IafNy1 a@%ﬂth,al-_emy'n}_&&bbﬁcri-ylatM@/écﬂﬁlﬁnatﬂarEstthgﬂ_eh’éxyI
acrylate and conbi nati ons thereof. 3. An adhesive
conmposition according to claim1, wherein said acrylic

3. Tesi DahediveldsdRlitiodl dc¥oldifeto1aiB s, WhétBintaiBgory He rlih is
adhesive conposition according to claim1 wherein said
substatiablyyfreerofdegiconrgictied. ane t er mi nat ed pol yner i ncl udes

al koxy silane end groups-having the formula: ORL | Si-
orR2 |

4. An adhesive composition according to claim 1, wherein said alkoxy or acyloxy

silane terminated polymer includes alkoxy silane end groups having the formula:

OR,

|
——Si— OR,
|

OR;

wherein R;, Ry, and R3 are organic compounds having between 1 and 4 carbon

atoms.
5. An adhesive composition according to claim 1, wherein said alkoxy or acyloxy
silane terminated polymer is an alkoxy silane terminated polymer having a

trimethoxysilane end group.

6. An adhesive composition according to claim 1, wherein said photoinitiator is an

o-hydroxyketone.
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OR3 wherein R1, R, and R3 are organi c conpounds
havi ng between 1 and 4 carbon atons. 5. An adhesive
W@ ovpoessPd on according to claiml, wherein sai BCHUR®RY004865

or acyloxy silane term nated polymer is an al koxy
silane term nated pol yner having a trinethoxysil ane
end group. 6. An adhesive conposition according to
claim1, wherein said photoinitiator is an
a- hydr oxyket one. 7. An adhesi ve conposition according
to claim1, wherein said photoinitiator is

7. 2; Ahy&ﬂl&&iyvezoﬁipbhiyibnraomrdn@telﬁmm 1,8vhefeinadidgdioveinitiator is
conposi t on according to claim1l1, wherein said

2-hy depieyr & HRatRy IgERLPIRbERONS activated by |ight to generate
an acid. 9. An adhesive conposition according to claim

1, wherein said photoacid generator is activated X
8. ulAm adlicsivetconinghttion rgcondinesarrdaimy b Wasipisgrid pitptoacid generator is

C gfurther conprising a
acuvag Cf??ﬁﬂgﬂ aq%ngllg%p%ﬁun ‘havi ng acryl ate functi onal
groups and al koxy or acyloxy silane term nal groups.
. { it AISDEOTOP T CERITLAE DRt L1 B S pRdacid generator s
acuwﬁgpg§hug“@ggnggﬁtlon for electronic assenbly
conprising: a reaction product of a photopol ynerizabl e
acrylic resin containing polynerizable acrylate and a
10. P &%Qal'ﬂ%ss eacto%pdsﬂlo"i‘xrhc@ 11 ‘?x?ti' et LcRRpISRE b @¥functional
acr a nolsture- urabl e Tesin including an
compahkd) hyvmg aaxyydtto fyncgiohalnerotps adhalkexly poacyhesey: silpng terminal groups.
activated catal yst for catalyzing a noisture curing
reaction of said al koxy or acyl oxy silane term nated
11. POANABResivAddn@sitionicedrding & ylaim ¢ pfipthes caigpasing condutive

.a Lewi s
particles.
12. An adhesive composition for electronic assembly comprising:

a reaction product of a photopolymerizable acrylic resin containing polymerizable
acrylate and a photoinitiator in an amount effective to polymerize said acrylate;

a moisture-curable resin including an alkoxy or acyloxy silane terminated polymer;
and

an activated catalyst for catalyzing a moisture curing reaction of said alkoxy or
acyloxy silane terminated polymer, said activated catalyst comprising an acid or a Lewis
acid; and optionally

conductive particles.

13. An assembly comprising:
a first substrate, which may comprise an electronic circuit;
a second substrate, which may comprise an electronic circuit; and

the adhesive of claim 12 adhering the first and second substrates;
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acid; and optionally conductive particles. 13. An
assenbly conprising: a first substrate, which nmay

W@ oo9pnosses an el ectronic circuit; a second subsPCHUS2007/004865
whi ch may conprise an electronic circuit; and the
adhesive of claim 12 adhering the first and second
substrates;optionally wherein, when the first and
second substrates are electronic circuits and the
adhesi ve contai ns conductive particles, the adhesive
el ectrically interconnects the circuits. 14. An

adﬂ)‘ﬁ%héﬂ@y GDeRAS) IWhethé Girstahe ctdondi smbas"fteimjeyblectromc circuits and
nprising: a reaction product_of. a EhOt‘@? nmer i zabl
the aCB’@FVP coniagns condbit s rArigep s hcT YR ety 8t eEcogAgets the
circufplot oi nitiator in an amunt effective to polynerize
said acrylate; and a reaction product of a
noi st ur e- cur abl e al koxy or acyl oxy silane term nated

p wherei n.the Q r
14. Db AR RO el el s R Sk RBE 1y an
aci d geagdastiefl peadust afd pl&itbyolgmﬁlzﬁtﬂa aotydic yesin tonthinéng

pol ymeri zation of said acrylate; .and o t| onal |
conduct PAIEMsEZable gy atiﬁndhﬁ’ qrolnifiop | %ﬁ?‘?gﬁl%egffecgve to

first Sﬂ&gh{&{zgsmwcp}hat%dconprl se an el ectronic
circuit second substrate, which may corrprl se an

el ersacion pragucted 4 mometcneabwﬂkgw er a¢ylenasilgng germinated
polylaag hes Iepgn‘i heeali(?#z I)]]; Q(Sr‘ii? S ettt nrc?fh E@f?me? PedcBBRkd datalyzed

rates are
through%ﬁtdcmgmeeatm sutissanaiatly simulemhbessly evithothe golysnerization of said
condu(gt ive particles, the adhesive electrically
acrylatei @82¢onnects the circuits.

optionally conductive particles.

15. An assembly comprising:

a first substrate, which may comprise an electronic circuit;

a second substrate, which may comprise an electronic circuit; and

the adhesive of claim 14 adhering the first and second substrates;

optionally wherein, when the first and second substrates are electronic circuits and
the adhesive contains conductive particles, the adhesive electrically interconnects the

circuits.

16. A method for assembly comprising:
providing the adhesive composition of claim 1;
providing a substrate and an adherent;
applying said adhesive composition to one of said substrate and said adherent;
irradiating said applied adhesive composition with light;
applying the other of said substrate and said adherent to said irradiated adhesive
composition; and

allowing said irradiated adhesive composition to moisture cure.
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16. A nethod for assenbly conprising: providing the
adhesi ve conposition of claim1; providing a substrate
wa@pa7asssatiher ent ; appl yi ng sai d adhesi ve conpoBCT/US2001/@04865

one of said substrate and said adherent; irradiating
sai d applied adhesive conposition with [ight; applying
the other of said substrate and said adherent to said
i rradi at ed adhesi ve conposition; and all ow ng said
i rradi at ed adhesi ve conposition to noisture cure.17. A
met hod according to claim 16, wherein said substrate

17. | SA andtiddaddotdEbs 86 ClAirk i 16¢ Where §23@ s@tibtatisiaQRBID jhtegrated circuit
wherein the adherent is an antenna. 18. A nethod

strap gud optenAdlyt Wherel the pdhergpids 8apgnteARY i rradi ati ng st ep
conprises irradiating said adhesive conposition with
ultraviolet light. 19. A radio frequency

18. i démbéthod atdooding ag cladmpli6, whargin said inathatimg $tepomprises irradiating

T N R
di sposed between said strap and sai d antenna.
19. A radio frequency identification tag comprising:
a strap with an integrated circuit chip attached to said strap;
an antenna; and
the adhesive composition of claim 14 disposed between said strap and said

antenna.
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