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Background to the Invention : . Field O .
The I nvention The invention relates to antistatic water-based,
| atex pressure sensitive 5 ANIABIATILSLAIEX ADMESEVESy | ow tri bochar gi ng
adhesi ve polyners to provide protection for sensitive electronic

devi ces. Low tribochargi ng adhesive tapes for use in m crof abri cation

processes are provided. Backeround to the Invention Description
of the Art The use of_acrylic ol ynmers as pressure sensitive
adhesives is well known in 10 th@ﬂ@l@&ﬂmpar ation of acrylic

e
adhesi ve conpositigns rel,ied. on solutian l ymeri zation techni ques
Using si gni {1 cant TH6APNGREPRECLEPS G Aphialc smicrdnetd, 19 prasture Sensitive, ands

demand seyer LD ;1 . : | L& Qnent
and 2l so o SUMBNS LR kel 159 il PhaiciRe BORBAL 1 Pbrolli pRbibhe
Al ternative fatsenstivé elesipdnit Henicaso Lpwetibochdrgimgiadbesivttapesspeisd ian and 15
enul si on pol ynerization. Both may be used to provide copol ynmer pressure

sensitive  microfabsisgtiQmueprocessesare privadedool yneri zati on a reaction occurs in

m cell es or emul sion m cr odr ops suspended i n aqueous nedi um Any heat
generated in the m crodrops or D m cel | igrtqui ckly noderated by the
effect of the heat capacity of the—é%ﬁlggﬁgﬂﬁ% wat er phase. Enul sion

pol ymeri zati on pr qgeeds oPhdrilidSd1iBkrseR PrésShreRbn i ed DBEHVEs ¥ Well InRAG #nONS.

and the resulting adhesive conposition’is non-flanmabl e as the aqueous
medi um i B0 t hehechrhri Bariy preparptioreof acrylic adhesive comp@fifiestreliedont sudstiorndvant ages

is the energy requjred to evaporate water fromthe . copated | atex
adhesi ves. TRelYmeszatien ischrigugsqsmgignificand appgtities of aregnigselveqtsy \fpiresat | y

used for a c [ | Bk [ : ' ul d
ouce tho SHeRE S Rvbte taReBONTPdotfont b6R APEbehdhilo fiekiiohibnt DU
to |l ead to ugfdaiso dbbrtail costs ihdlirrddasitingxhsivbgolodhtk.si on. I deally, a high

solids, |ow viscosity enulsion will provide .  a variety of benefits.
Unfortunately, seddternativeynathodsdo selytien pelymesigatiguinclydeppspansionand | at ex

o v OB S S A e ) BB B
: L Lg p Igg P - aﬁh ggl}xe\fie??g&? et@lsRhn ﬂ\;ﬁ\lglg%:?zggg% g.tré'afcﬁoﬁ BB&rs inVinfck1NOsH Gnsidhd
PCT/ US98/ 005gficrodrops suspended in aqueous medium. Any heat generated in the microdrops or
micelles is quickly moderated by the effect of the heat capacity of the surrounding
water phase. Emulsion polymerization proce_eds with better control of exothermic
20 reactions, and the resulting adhesive composition is non-flammable as the aqueous
medium is the dominant component. '

Offsetting these advantages is the energy required to evaporate water from the
coated latex adhesives. The heat required is about five times the quantity typically
used for a comparable solution adhesive. Less water in the adhesive would reduce the

25 heatrequirement. A reduction in water is likely, however, to lead to undesirable
thickening of the emulsion. Ideally, a high solids, low viscosity eﬁmlsion will provide
a variety of benefits. Unfortunately, sensitivity to moisture is a serious problem.
Latex adhesives contain surfactant materials that attract water. Once affected by

water, the adhesive may become cloudy, losing both adhesion and shear strefigth. A

30 means to eliminate moisture sensitivity would yield superior adhesives for
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applications involving exposure to quantities of water, especially

pr essur i zedwosiss6a05 wat er typically used in mcrofabri c®Crars98/00539
processes. Eur opean published application EP 0554832A

di scl oses a water-based, high solids, noisture insensitive, |atex
pressure sensipplivationstiewlviagehpesurhtosjuantitiessftwater, especially pressurizedjetsef | as
hi gh shear, high co Il ance, and contrall ed adhesi on buil d- up. Sui tabl e

for a wide raWater BPicalyusedin migrofabrigalion BHACESS?: conposition i s however, not
suitable for use w ki ANEP 095483285di8d16des @ Vet -t i

damage by el &ﬁ&géiﬁgﬁ@%ﬁ arE%tcie. Use of antilstatisc ad e5|€(ggné|ﬂr)1

m cr of abri cat sglidsphoiRRES densitive, e messutdensitive démsiveothieh has lowstoating

charge build-up followed by discharge in the 10 pr oxi y .of sensitive
el ectroni & deviseasity asush asibigihsheat high q@ﬁmhan%a%mgeﬁ %‘h’@é‘?n build-up.

rendering theg y3od £%% vidk cinsf of apdleRRORS alit Ao 0 BRbE 1 Koyl ot

failure rate o . crocircu
fabrication pLoGBRSESuSHitRsaRfIeRIRR0kIcIdVRepHRCHeabREC dainageby
various stages of manufacture. Wth advances in mniaturization, circuit
conponent s 15electbsstaivalisoharges likse @f autistatict adhesivesge nigrofabricatios processes

di scharge. Therefore any, sour . 0f electrostatic discharge,. in the
microcircuit Fedpesdhe ;Weapgefgéggtro(g@gp &I‘?ISE E}"ﬁ R fgli\qn/qdﬁay discharge in the

i cr odevi . Cir At oy 1,08 a8t
M Crodevi S Brlsf&llr}r%@ of se%sgfe);égleggﬁﬁl@.tdkﬁ'aé& Gl dikHM tEance, X o&%ﬁia@g de¥ickape

charactertsti udes esion, water resi
renovabi l ity apdefig@fthem useles®for et intended finetige whichcidb tovhe ifaiture cdte aady t o
achi eve. 20 i Adhesi ve polyners have traditionally been a source of
stati ¢ char geassorigtedRasts. No. 5,378,405, was the first to disclose

non-tribochargi ng, ,pressur.e_.sensitive adhesi ves.wherein t I ve
pol yner itself, i nl\ﬁﬂﬂcgﬁ'é??fq E‘ﬁ?téqneprf"belsﬁﬁ.s g Presstire S%Ightﬁvﬁcatdﬁﬁlge?‘.’e HEaddls

U.S. Pat. No.yaiqfi8tabdd of aftdStut ewaR REVAREd RimBfiataftdtivh aditcwit components

m croparticul ate 25 adhesi ves to operations that convert sem conductor
waf ers, suppobedane mutetsupdeptible to damageely eleettbstaticolischarghi gherefare eny peires dual
chips. No evidence exists in the prior art.for. . I nher ent.l .

| ow-tri bochar af%ctr%ﬁﬂéss Sphatge, 0 %Wb‘ﬁg‘l”f"{“btr@{’ncamn Process, co&dﬂgs}?&ﬁﬂ&ulgf
met hods are k ) L NGcifP bbeth@ddsCthR FRitedRombinatio QFRPEI 1 Oons by
addi ng conduc?ﬁ%d%F%SFilgw% cc}ﬁgegt i onasf adhesive fornul ati ons. 30
Anitistatic sperheteristity ilxdudesignod adiesioaswatenthsistanee, clneemavabilitycind dack
electrically . -conductive netal or carbon particles. Conpositions of
this type are©ftat¢ disgharge, a combination not easy to achicve.

- 2- 98/ 36005 esi iti f static charge. U.S. Pat.
beT/ Uses/ E8536 - Mihesiye polymers have raditionally been o o EP §57660TR EP

0518722A, U. SNoP31378 405, wa$Hide 2620 disclose non-tribocharging, pressure sensitive

adhesives wherein the adhesive polymer itself, in microparticulate form, is

conductive,

U.S. Pat. No. 5,508,107 extends the application of antistatic microparticulate
25  adhesives to operations that convert semiconductor wafers, supporting multiple
integrated circuit chips, into individual chips. No evidence exists in the prior art for
inherently low-tribocharging latex adhesive compositions.
A number of methods are known for preparing antistatic adhesive
compositions by adding conductive moieties to conventional adhesive formulations.
30  fgptistatic species may be introducedsas conductive materials such as electrically

conductive metal or carbon particles. Compositions of this type are disclosed in
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EP 0422919A, U.S. Pat. Nos. 3,104,985, 4,749,612 and 4, 548, 862. :
- The additi o¥088/3608%i c naterials to reduce generation of statPCTAISAs/QS39sS -
al so known. Suitable materials of this.type include ion conducting

speci es such as those 5 di scl osed i n Japanese patents JP 61,272,279 and
JP 63, 012, 681various references includihg EPVI2766ks, IR 08 1728 Ae tehitPat. Ne 4,606,962t end

adhest ves. TR O2RYbR. 04 e Nemmad PRS2 E8EE R A 3488807 0n Uit abi o
substrates, pr even—fhéa tfitgory& i9 'chirla?nélJfaQS forﬁglg%t%%fa%n%§§taﬁ9 chz%rge is als

. . : 0
m crof abri cati on operations an ar si S requiring eedom from

el ectrost ati knbtyn. Sliitableangerialé\bf thivrghe tichededsn b@ﬁdﬂcﬁnysgecidg%hch BMpthose
5, 378, 405 suggest t hat | at ex formation is undesirable to the

prepar ati 8n colisceseidin dapapesediatents, Bs01,2 a2 Wandeli 63,012,68k.nvent or s di scover ed
adhesive latex co Itions that fully.satisfy reguirenent The .

effect is so pron(r}g&%éﬂ’ettﬂ%ets g!bee%‘e ¥F’P( F%‘_tﬂ%’&ﬁ‘%‘gﬁwé?ﬁﬁ Qfﬁh%?‘g‘séaé’scent ially
non- tr dp@ﬁpé‘é&lc@?b toSMtPadkt rdn@¥ o Hﬁﬁgiﬁeb.eq"hfégreovi e latex .ag[:l%é:sWeEher ’

adhesive formulations of the i1nventiron and tapes t herew

exhi bi t transpkickrwoutedlan stitablaisubstrates dpraverit build mpiof atatic khdrgé duting asdinbi t ed.
Furt her, adhesjives fornulations of the invention can be designed with a
vari ety migrofabricatiop operatienssand fipEaGiivgtions igaairingdregdem feasn slectpstatiee

speci fic appli.catian., kor . m ct [ i PN« cations, |l ow adhesi on
e Csual 1" Gty AtFRYeh disclosef HURTTAF g, 33 AR SR Bl o e

appl i cat i ons, foAARRSH 18 MndéditdBR: 18 the [HépAatich of dtsRBETAIREBves, the cufSiiti I €d.

Lat ex adhesives differ frommcroparticul ate adhesives, as described in

U.S. 5,i8Veéhtdd Siscomeret edlsivedatee cormpositions thatfally dhtisfy vesjuiranents. The
produced by cqating the adhesives on suitabl.e substrates. Typical
| at ex conposiSeshis Sppronqmmesdthal eRsfdhe gurreny invention gregssentigliynen-oyr ops
coal esce, as coating, during dryi ng.

M croparti cl edg,%g{nar@ﬁ%’pég{eﬁtg?ﬁ)ﬁaﬁgﬁdgkﬁhot possess sufficient fluid

char act ensf or Furthek cadhesive forinalationoaf the devention Asd &apeemidié therewith

m croparticle coatings contain individual particles which tend to

cause rel at i vaxhihit ranspatenesy hincsEainemboditeents, aptisal duityas exhibited. o the

E g?ns par ec\:), 98} gg X %E',faad?lgsC{vels bR e $O8L:A98:n be designed with a variety

PCT/ US98/ 0053§F adhesion levels, depending on what is desirable for'¢h&KR¥¢ifidapptibattdiVERE ON

microfabrication applications, low adhesion is usually desirable, e.g., less than about

20 22 N/100mm. For some applications, adhesion values as low as 3.5 N/100mm are
desired.

Latex adhesives differ from microparticulate adhesives, as described in U.S.

5,378,405, in the characteristics of the adhesive layers produced by coating the
adhesives on suitable substrates. Typical latex compositions form uniform layers

25  when polymerized microdrops coalesce, as water evaporates from the coating, during
drying. Microparticles, on the other hand, do not possess sufficient fluid character for
interparticulate coalescence. As a result, microparticle coatings contain individual
particles which tend to cause relative surface roughness and opacity when compared

to the transparent, planar-surfaced latex adhesive coatings.



The invention provides antistatic |atex adhesive conpositions useful in:
el ectri cal WEY98865t r oni ¢ appl i cations, especially el ectroni ®CAEINISBO539

m crof abri cati on -processes. Sui tabl'e | atex adhesive conmpositions-
conprise polynerized m crodr ogs 5 di Sper sed I n_an aqueous medi um
Useful pol ynmerized m crodr opsSEMMARY NVENTIGN nononers subnitted

{ diti th '
include o acr ?’iegﬂgggf’mc{eﬂaae‘fg'CIofegﬂa?ﬁ%s% o yeSIBUR ror L oed

m crodrops akRetrical or el RADRRSH hé‘d’iioﬁs Céé,gé&'ﬂh‘ &dtdoniS e%ﬁfbf‘%ﬁ tion
i ncorporation of polyner elec rolyte 1 hroughout e structure of the

pol ynmeri zed processds.ofsitable latexaidhesivecanpositions eoinpyiss palymerized michedrops
pol yreri zed crodJ ops. In this_latter case the polynerized m crodrops have
a cdr efISRESEd 1Y 30 RqUEPYS megiug. conposi tions exhibit varied adhesive

properties as des r .ri lcs of eith t he
core or the shell. Usgﬂﬂ polymengé’d ﬁxﬁ%&@o@%xené: P@ gﬁ@SQﬁ TPROIP§TE S l?fﬂﬁéeflve of
the inventi ofp RidnseBatRBuskPolyrdFidatib® Bf ik nisHoyERd. | &ﬁﬁbm B6SHHHER Include

di spersed in an aqueous nedi um such pol ynmeri zed m crodrops havi ng an
average di angerylate absubstitited agrylase mjompmerse The polyrueniged suiciodropisaisong a gl ass

t tion t t to 25 th
polyrer | 260 RPRRSIPBEoRHEkLy AR O D BEORHICD A PP B ISCRBRNS cact i vo.

nononer Sy sa

(ot ) ook T Lo sy Bitird fYih BhphcRed SREhadRfolobitd %ﬂ%%as Elayer of
reactive ol i gemelymedzedtmiceaizsps] Y tis fattet édse 8 polymeriZed|rhicrodrops have a I'n
the enbodi ment of the invention having core/shell type polynerized

mi crodrops, Eefe/shell sucivre Sneh pempesiféans ahibifiasicd gdbesivejpoenerijescis desired

pol ymeri zed cradro ch.have nne differing in

conposi tion W Chan§rl1n \lllgrfxvgﬁtan%&of % t@%‘éﬁregﬁg‘ftsgﬂfi ally surrounds the

i nner core, wher eiMbre Bfecifidally Qﬁ%nﬁst%@&cﬁxe&ﬁré@?ﬂfehﬁ%nnon combfSgaemAt ur € of
from-120[err]C to 25[err]C, and t he overlying shell includes neans to
subdue stati gmuhmngef polyomérized enicrodeapsdlispersed in &vwdeyumeéﬂum sudkei ng deri ved
from q&osml pns fgrrmeﬂfromreactla\é1 rrers \8here n the

conposi ti onsp? BiTigee Ppcrodrops ngvang fn AyRIags ?‘Pfter acrylic

nononer, ) b mer
Mol east 10 of%a}?h%l R oI} ﬁﬁftmn%m}ﬁ@xja{uréﬁré)%ngolm €35 b54E Whdréf

-4- ih® 8/ 1&RRE microdrops are derived from compositions formed from reactive

PCT/ US98/ 00539 Preparation of a shell-free | atex adhesive of
the i nvent i oPROPERESS, gaid 50@99@V@18§{1@Bdmg at leaglopedas Glo@nﬂh}%@@ﬁmomer, -
pol yrmer i ged t I, where .t o sed
hase corr | SUER BRI nGE ol o oP BV Sllzoli 55 b ast 196 of E1iBRGRYC
single step glpcess requires emJI sification of a m xture of water, reactive

In the embodiment of the invention having core/shell type polymerized
microdrops, the latex antistatic adhesive contains a majority of said polymerized
microdrops which have an inner core differing in composition from an overlying shell

25  that substantially surrounds the.inner core, wherein the core has a glass transition
temperature of from -120°C to 25°C, and the overlying shell includes means to
subdue static charge, both the inner core and overlying shell being derived from
compositions formed from reactive monomers, wherein the compositions include at
least one C, - C,, (meth)acrylic monomer, at least one polar monomer, as well as the

. 30 reactive oligomer and at least 1% of a lithium salt.



5 nononers, reactive oligoner, and any optional ingredients such as a .
hydr opliolii WO 98/36005,0| yner, a chain transfer agent and/or a RGRESIBHRESS.
Pol yneri zati on of the emul sion proceeds by heating, with agitation .
under a bl anket of nitrogen. Addition of injtiator, . in controlled
quantities prevenPEnaxatioant asheli-fes datex adhesive o theiaventionrequites asinglé stap
tenperature [ . | . . reparatiopn of | atex adhesives
cont ai ni ng Cg@%ﬂgfp&g@%@gﬁﬁ czﬂgﬁ‘%%z%dr Bt rr8%’s?P b rl}ﬂi%—&%p@gocseé%gﬁ €8¢ eps.
In the firstdibemed ﬁhdseaﬁfnpﬁ&s\é@ﬁe?ﬁiell'@p&ﬁ@?ﬂx@ﬁz@!& Mbr&;ﬁbfs’.;
optionally lithium hydroxide and potassium persulfate inltiator and
controlled at a The singld stefpprocess mpgires emalsificationlof penixtime bbwatef, reatioser s
nmerized m_crodrop. A netering device

used to formthe core of, the ol})/ ( )
provi des “an BOPRGMETS, PaFHYE, 1&06"%%@33&! |qptipaal ingrediepissuelyasa hydraphepieronomer

conposition SA&H I conpposition 1s a

pr e- bl ended égrlgHs%?’o% coﬁr%%&?lf%gér\?‘vaapgl}pgsc u r%gg@?éz’ghtp ?lyg&errwtgéo OM"C em“#b?ﬂ)rre.r S
and net hacr ypsjceedstbydivatifig, with agitation underdMslanlé® 6Phidloic! RHditiBE of RiifathPr M NY
reaction, a prem xed nononer, added to the reaction vessel using a
met eri ng pun coptielled quantiies prexents gxdassive axetberymrand béips iaidfnin therreactibnt he

core of the pol r domgj n. The shell conprises acrylate and
net hacryl at epeﬁﬂﬁg%’éﬁgénﬁi SHEdF2PEE-r eact i ve ol i goners havi ng suitabl e

functionglity [pNrl e 4 eral Y, ' | L.0n. ter
addi ng tﬁie prem xcla?crzleﬂarritg)d rﬁigﬁeog?ﬁgﬁﬁ&}ﬁsh% %(;rﬂt%ﬂg{rﬂquggérﬁ%? ifbg?"éﬁ??gté‘??%%f &IS
persul f at e i rdquires several steps. nk the Fiystetepzatdaotiorf wésséllis charged with vatied peri od
to reduce residual nonomer content. 25 | As used herein, these
terns have t ﬁgthr@ll]yngl hiiesoxide)and potassium persulfatg initiatoraed cantuellednata si on

m cr odr op” ' r of th | sper.sed hase of an emul sion
o ou op TRABIASHREANE 8 SOt R e R RSmthe B O
2. The te m&mbwﬁmﬁ&%m@m@éﬁ% 'deVR@ BPovide¥ian PRERR Rbardshs Fﬂdﬁ&@i sed
30 phase of an enul sion erein the mcrodrop has been converfed, by
suitabl el5  addbiegare forminigomendmeseomposition te thegeatiosivessehvHinemmonomer a

pol yneri zed condi tion.

98/ 36005 |, .
PCT/ US98/ 005%gRposition is %F'&FF@FF%?‘&“%‘E%‘E?&% sing water, surfactant, agrylateot her

simlar pol ygRhbékert dﬁh%&ﬂé&ﬂ§emonoméf§.on renoval of water fromthe
enmul si on. 3. Theterm'reactive oligoner"” refers to a

mol ecul e havi ng dlipbn completion e theaoad farpning xeattidn, apréminad ioyiomer, iadped toant
for successfyl practice of the invention. 5, One aspect of the
functi onal i t {PeFrAFionaessehusing  metsmaimm previdesmpgarialite form & nolymer shalb

radi cal -4g/pe ri Fon i T ond aspect .of dual
functioniaqlit?/rgglé%’ﬁ%egéafﬁgp?ﬁ%%gggﬂ%%x es%%@tc Bt ngtffn{fhat i s

avail abl e, ametacBilfe oABmEE Wixed WitiARESHI e omers haviid dhitBRifhhdtRndlighar ged
i ons. 4, The term "al koxy substituted noiety" neans a

functional glocRasticipate i Bwetpalymerigation seastipn.udfiat 4ddingthg premixkdmdnamer, a
electronic Cﬁg{h%xe q@é’n%i't)lf gp éMsRﬂn EQr‘éﬁl'félg initiator sustains polymerization for an

extended period to reduce residual monomer content.

Qo

25 As used herein, these terms have the following meanings.
1. The term “emulsion microdrop” means a microdrop of the dispersed

phase of an emulsion wherein the microdrop comprises a mixture of unreacted

monomers.

2. The term "polymerized microdrop" means a microdrop of the dispersed
30  phase of an emulsion where‘in the microdrop has been converted, by suitable

polymerization, from a mixture comprising monomers to a polymerized condition.
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wi th positively charged ions such as Li[err]. 5. The term

"pol ar ‘non®iA836M%ans a nonneric species of sufficient PCOTAIE98/00539
character to be substantially soluble in water. 6. The ‘tefm
"core/shell polynmer" neans a polymer wherein the dispersed 15 phase

subst ant i al | Jolymepeed micrpdiopsrean cogleseri with othep sindlar polyaerized mnicrodmops

sur rounded %a]esthel | . . 7. The term "l atex" neans a

t wo- phase aqtREBEMRYRLYT Wter o thegmysign. pol yneri ¢ phase di spersed in
an aqueous phase. 3The E : » ' i zation. 20
5 e torm 3l ass T am FeakePbBorlty S0 hnalceyle Y R

t enper at ur esfumctivfility Busisfurstionblityhiahgssrtdnt €N sacd2sifhl practideldfdR mveitRine t0 a
rubbery state. .9 The terns "(meth)acrylate monomer”,
"met hacr VA i c Qnsrasaeqt-of thedungtionality provifesaunsaturationisuitabie for participatingsin figei c
and acrylic i d rsions or.the ui valent are 25 Lncl.uded i.n the, group
def i ned. x%&cal-ilﬁ:e po Wenza%re?cgt}. = %Fisﬁ%ﬂnflfsﬁcéﬁﬁ “ﬁi@%‘fg"ﬁﬂnﬁﬂ?ﬁé@%ve
filmhaving @heelkogsubstituted ﬁlbféﬁsiﬁhﬁﬁ'a%ﬁlé@é,‘é@aﬂtﬂe@%oﬁ 86itdr, %% ociate

11. The term "tribochargi ng® nméans el ectrostatic charge generation

associ at ed wwith pbsitivellywhatged iomen separ abl e surfaces. 30 12. The

term"wafer” rreani a large di sc consisting of many integrated
circuits. . The term "alkoxy substituted moiety” means a functiongl group

13. The te ~chi s Ladiyi i_nteaqrat LrGULt . .

1s O ¢ cdimfileln AR A, Bk @ihes olRENE chitef b fltble for shyring

wi thstand  with pobiki@elgchsrige® ichB dusiPdsMight action of jets of water used to
wash m crodevi ces supported on silicon wafers that are adhered by the
tape to steel frabes udbeterm “poler olonpmerameans a :jonmenicspesise of sufficient

As used herein |1 part ercent s rati os are by wei ght unless

speci f i cal | ylomi® charac & 5%8‘8’5{%5?%33@?&% In Water.

Description of thg DrayhOgem

"core/shell polymer" means a polymer wherein the dispersed

15  phase substantially comprises polymerized microdrops each having a core surrounded
bya shell.

7. The term "latex" means a two-phase aqueous material comprising a
polymeric phase dispersed in an aqueous phase. The latex is created by emulsion
polymerization.

20 8. The terms "glass transition temperature” and "Tg" mean the
temperatures at which a material changes from a brittle vitreous state to a rubbery
state.

9. The terms "(meth)acrylate monomer", "methacrylic monomer" and the
like means that both the methacrylic and acrylic acid versions or the equivalent are

25  included in the group defined.

10.  The term "optically clear” means an adhesive film having an optical
transmission value of at least 80%.

11. The term "tribocharging" means electrostatic charge generation
associated with friction between separable surfaces.

30 12. The term "wafer" means a large disc consisting of many integrated

circuits.



The flgure shows a graph in which the_ordinate-is_shtfaee resistivity and

t he MEWI6805 i s percent lithiu I rmms@-gtfr(m\sagg@g | at POTIUSISHOs3%0ed
and desi gnhated infra, as Exampl g 6. Asemaacgre seern), the graph is -

relatively horizontal, that is, addit$sr=ot setiesilonal | thiumsalt
does not result i@3Jar Q'éeém'@é@"lmeamranmvmshlstagvateq/mmmuI a

0,
per cent age of s1 1 ght Y Boye, 4k it B0 M WSR2 S5 Skl

ng]g;r{e Pts ! 826%3' etrélitﬁvépér]'}gégrhl&ér?]lg action of jets of wag@ugéd to%ﬁ%slé md\%&m@é&}»@%& ghe

pr essur e- sensilitow wafeththat meadhéred by shd tapeti stev) fRnesbab®m mizhsthbriationnal
unsaturated acrylate or methacrylic esters of non-tertiary al kyl al cohol s,
the al kyl3 Proceﬁﬁ%ups of whi ch have from4 to 14 carbon atons. Such

acrylates are ole ] |f1able I|mted r

solubility, and a B F%ﬁ%fF%éﬁ?mﬁgé’ﬁ%% Ia§} fafes arebywetﬁ?xéggle Sr%i’ﬁ

t enper at ures err]C. Included within this class of rmnoners
staféh%mer%%

are, for exanple, isooctyl acrylate, 4-nethyl-2-pentyl acrylate,
2-met hyl butyl acryl ate, | soanyl acrylate, sec-butyl acrylate, n-butyl

acryl ate, 2-ethyl hexyl acryl at e, Deseripé 'm;glofthe Dravnnghacryl at e I sononyl
acryl ate, isodecy a ryI ate, sj ngl.y. i n, mxtures.
Preferred acr yl at e8¢{ Hﬂé’@“’lséc%%ﬁhgﬂln Vg@?@ﬁ&%dm?@dﬁ é‘#}ﬁceéﬁiiﬂ"a@’@ndlt@%awl
acryl at e .2
%%fs%‘é lsap%;aeh@ ok ok 0 i BN Bt B A B é_%{l%lagt o or

sec- buty at e, ures thereo
ot her vi nyl 165 Adédiibe R8n, the graphh@mmﬁbbyrmrfzonﬁa\ﬂ@at% adgitiohdfsi tion
t enper at ures h|g er than -2%[err]C e.g. tert-butyl acryl ate, vinyl
esters, net hgddiendhlighiymegalt dogs Wfdn‘éltlatlmﬂ changps in sufacerdsistiviig ugtiba e 30
may be utilized in one ,or e of. the .acrylate or
7 perCentiec iRy pheenloho s SPoIF LR dRHe TR S il a0
tran&hontgm 9of the resultant polymer is below 25[err]C,
preferably below O[erf]C. - Lat ex adhesives of the invention
conprise from70 to 97 wei ght percent of the

15 Detailed Description of the Invention

Alkyl acrylate or methacrylate monomers useful in preparing the latex and
conductive pressure-sensitive adhesives of this invention are those monofunctional
unsaturated acrylate or methacrylic esters of non-teﬁiary alkyl alcohols, the alkyl
groups of which have from 4 to 14 carbon atoms. Such acrylates are oleophilic, water

20 elhulsiﬁable, have limited water solubility, and as homopolymers, generally have
glass transition temperatures below -20°C. Included within this class of monomers
are, for example, isooctyl acrylate, 4-methyl-2-pentyl acrylate, 2-methylbutyl acrylate,
isoamyl acrylate, sec-butyl acrylate, n-butyl acrylate, 2-ethylhexyl acrylate, isodecyl
methacrylate, isononyl acrylate, isodecyl acrylate, and the like, singly or in mixtures.

25 Preferred acrylates include isooctyl acrylate, isonony! acrylate, isoamy!
acrylate, isodecyl acrylate; 2—ethy1hexyl.acry1'ate, n-butyl acrylate, sec-butyl acrylate,
and mixtures thereof. Acrylate or methacrylate or other vinyl monomers which, as
homopolymers, have glass transition temperatures higher than -20°C, e.g. tert-butyl
acrylate, vinyl esters, methyl methacrylate, styrene, ethyl acrylate, methyl acrylate and

30  the like, may be utilized in conjunction with one or more of the acrylate or
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Clerr] - CJerr] (meth)acryli SFOREr—0T
from 75 toVE®98/B005 wei ght pelr EBHSHERTAHADBE
wei ght percent pol ar pnoneREPLACED I Useful vinyl ester
nononmers are those which formNOMOpol yner s navi ng glass transition
t enrper at ur es nipthaswy1z@[reondn@rs Swvided shas tise glosgtransition témpdrdtueasdHibe resuttant,

and include such nmon rs,.@s vipyl 2-ethyl hexanoate, vinyl acetate, vinyl
caprate, 1OPO&WIIS€§§W;5&&WF%I’%B&SPXQ(L te, vinyl hexanoate, vinyl
propi-onate, vinyl : R YA 3‘[]&'% - . Where vi pyl
nmononers are used Lglr ovvggr“?%tslqugili1 e, mlvng@ﬂ Gr @%5?7(&{) ?’ﬂ Y(v%g\!x\gg?rﬁrgtog)(he
nononer s, t h&€,us<kf @hethyoric mehotRr b mikhureo Hhénddedrs,PréferaBlyefr&indt3 t6 50 - up

& e of nononers, preferably.

E@JDJ ndi ngl'y frompdyusesioosss 30

to 20 Weight percent. . Pol ar monomers useful i'n | atex adhesives
of the i n¥ventveightipgrcenis andienreaspendingly fronpabant 11t 36 veight pereet pdar
N-vi nyl -2-pyrrolidone,  N-vinyl caprolactam acrylonitrile, and

diallyl pht hJUOEas wel | as st rongly polar nmononers such as acrylic acid,
met hacrylic acid, ydeff Qv eét& Q@b sWhic )m@oal kyl
acrylates, acryl air%iyggs, aﬁ%&%{%%stitut edhlag??/ﬁ?n&géé@&égﬁi}%m yrene
sul f onat e anglassttansition feyiperatures belowf70AEt Such\bstersdingrikh o Phearhen atoms,
nononer i s used, m xtures may include 20 nmononers having simlar or

unl i ke pol ar Ad gelude sych meromersas yinnl ¢-esbylhexanaeteoriny! acetate, ¥inybeagpirgtepol ar

nonomner t r r, n [ ful .anpount.s aof pol.a |
nonomer \E/)(g.l‘ y%ryg?nﬁgﬁg MI&%@%O«%]?E%X@% Be’%gat ’i‘aﬁﬁopﬁg‘?l%%ﬁ ‘P"Wlé‘{eg‘?‘%ey from
1.0 veiviyl optanéeté)lantl thelikeNeWEEYe v/l @dHomers are used or lowerd ARy PEPEZL LI ON
i ncludes at | east one reactive oligonmer having dual 25 functionhality. Dual

functi onal i t f4ialkylmpodate monbmerss theasefd afmopntds up te4® fveight pencenetnprefarably
One aspect of tthS fun%tti onal ity provides unsaturation suitable for
parti ci pat i ngPith2P Weight percent; o4 cal -t ype pol yneri zation reactions. The

second aspect of @ual r{difdet Ok Fry la'iéisfldi'lgﬁves of the ifehtilh i"i’luﬁﬁé}’no%épa\?él&' L uted

noi ety that is available, as an electron donor, to assocl ate
posi tively chpalagatnomess, s as N-vinyl-2-py¥olidens) Di-vityb &ipielaétamp scriloaiteiid)y
theory, it is (gg%beved that during adhesive | atex fornation, -

unsaturated §® yhphthalate, asawel] aastionelypalar mengmergsuch as@exlistasid,

-8 - WO Y .

beT] Usos/ 00s BBttt bcid, itaconie Wi rydmpely! ehecois symerlplaemiaien,y
becom ng par acrgiantities, andaibgtiRited acrylamidegPyodaind Stytdhe sREbNAIEANZ RAdinth iR OPS.
This results in the devel opnment of groups, ) attached to the copol ymer
backbone, t h&ilfonates cWhemmeopxihas ane polarmenomer istused niitures may inchuder act i on

R IR RMCIE CERRRCTERT A O S O TG
substi t uti onstrongly polar monomer or two monomers from one group. Useful amounts of polar
monomer vary from 1.0 weight percent to 30 weight percent, preferably from 1.0
weight percent to 20 weight percent. '
The composition includes at least one reactive oligomer having dual
25  functionality. Dual functionality is important for successful practice of the invention.
One aspect of the functionality provides unsaturation suitable for participating in free
radical-type polymerization reactions. The second aspect of dual functionality resides
in the alkoxy substituted moiety that is available, as an electron donor, to associate
with positively charged ions.
30 While not wishing to be bound by theory, it is believed that during adhesive

latex formation, unsaturated groups on the reactive oligomer react with acrylate
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throughout %??{S&%ed adhesive latex. This ensures that ionic _species,
associ at'ed the al koxy groups, will contribute to PR& %!?!tﬁ?cal

conductivity of the adhesive and ~ subdue significantly its tendency t.o
tri bocharge Sut&lere tlvglﬁi oner s |ncIL}_de
(et h) acryl a"ROMOIRGH REESERE 1D STISIaR 5754 QCOW % seRokymen e

oxi de met hacry inglRHE g?ﬂg HE&’ &Fﬁfbcﬁﬁgs O¥hide sults acr yP@lﬁEﬁ‘xEﬂttoq‘ groups,

p- vi nyl benzyl téerm nate yet ene 0Oxi de, e term

pol yet hyl ene atthyted) tp thinad:dpmgynqr(hhyleﬁohw thate;:rgéejtcQlkoﬂ?ﬁtkb%ﬁﬁﬂécﬁxhelet@yf&xy
pol yet hyl ene ycol nethacryl ate, p-vi g%gbenzyl term nat ed

pol yet hyl ene IB‘IEWBPH “ﬂ@l Eﬂé’ttl’{?])’éhéfged ions. gkl idpalstatire of theaeactivad

f d
o qoner 551 nAHBRES braySle pidan s R Stk Ardnion SEATGSy Stbsulige 207 or
AVBOG and MO QfgoughdiitedGoaRad ataﬁtéwmte%cu'% 2 suféé%t ilBELs A6 ikte

from PPG | ndustrres, polyoxyethyl ene al enyl hium suFf ate
such as thd-hlkexno grokifs, willtcentribute tbGhé eleuu'iﬂﬂ&ohdﬁcﬁfwi@tdf etioddhekive and

al kyl ene pol ya koxy eéhanol such_as Mazon BSN 185, 186 and 187 from
PPG | ndustri éB Fanslyyitsitegdeape tootsibocharges| phenyl et her such as Ni ogen

RN 50 f DKS |
concent ;g{nl on i nnt[ {eagfeag%gi’gl veggm?r-g?ﬁdﬁ& @é%ﬁSWW%Hr@ém?‘?ﬁﬂlbetgylﬁB? ght
percent 10 2Qxid, ﬁt&thd@t@rp@whyweafmahhﬂaa&?me buldxyloBRiny&leBide L 0 10

wei ght percent. Formation of [atex conpositions of the
i nvention reqmthmlaw, prviinylbanayl tetnsimhted polyethyléne axidd, (mstln)awjrlatﬂ:etemhetedand
oil soluble fr

di t t f bl e 25 tiat
nel ude. pot aSORGHIGEFAYSeLeBeh Ry Bl e ot el PLebaca it oy Fohykdeang
' h
Conbi nat i on 000t MERERIRE S RGA (RERG B ‘e“?n?@ B PRetYiciels 1 o

conbi nati on nts suc

sol uble init |oaider<h(m¢th)au£}éate and comlammﬂ&hexﬁbtﬁ IPraferdee ﬁiﬁﬂﬁle@@f thei de,
| aur oyl er oxi de, and mi xtures thereof, and diazo npounds such as

2, 2" - azob? s( sERicy Bantioned eligomemiinalpdepdyethilens axidy (m¢tbbn¢a!iate sDolPenit as
Vazo 64 and I\?K?Ete?mééé %.ﬂél WO@EEH{%&%Q}O?? n()IXt)’rsluifel)e Suc abzlog SfAI\c/iEgl

DuPont as Vaz

The conposi t iffyin PREG Ip@astdes) polybkysthylehdalksl Pﬁéﬁyl éﬁte?ﬁhhﬁ)hﬁﬂn Stakte i 49 |
agents. Exanmpl es of useful surfactants include anionic surfactants such as

h |t ﬁher ot Hitergl HSuHitan@s‘\-lalﬁwyT P& lstersationely émae,ﬁll;)duwpm?@ttcw ethgnail kyl
ether sul fates e et her .sulfates an

di al kyl succSheh W%@gﬁgﬁoﬁﬁn %@%@%%ﬁ%@%ﬁeﬁ @Sboﬁ%?@&@%t hyl ene
al kyl et her s alyBpneayy&hébeutigs Rideéh RSO Bonf DR Biternational, Inc. The reactive

oligomer concentration in latex adhesives of the invention varies from 0.5 weight

percent to 20 weight percent, preferably from 1.0 weight percent to 10 weight percent.
Formation of latex‘ compositions of the invention requires an initiator. Useful

initiators include water and oil soluble free radical initiators. Preferred water soluble

25  initiators include potassium persulfate, ammonium persulfate, sodium persuifate and
mixtures thereof. Such water soluble agents may be used alone, or in combinatitm
with reducing agents such as sodium bisulfite. Useful oil soluble initiators include
peroxides such as benzoyl peroxide, lauroyl peroxide, and mixtures thereof, and diazo
compounds such as 2,2’-azobis(isobutyronitrile), available commercially .frorn

30 DuPont‘ as Vazo® 64, and 2,2’-a.'iobi_s(2,4-dimethylpentanenitrile), available from
DuPont as Vazo 52®.



and pol yoxyet hyl ene/ pol yoxypr opyl
ddhesi ves WO 2846005 vent i on conpri

_ S. Lat ex
FHi StigasfABRET {lhi um salrCT/US9sI0ss3y -
bel i eved that the such salts bec as&FOL-4CER wi thilel ectron donating ]
groups that form part of t Roxy substituted noiety. Suitable

l'i thi um sal ts i nclihgcompesitignmaysontain surfactandusefil 85 ShplsianNGibilizihg

Li CF S r 1., Li | S i OH. . .LLthi itrat j
Cr STLer 1159 Rbkes. deShich SERGEL b inbusnaniti Sy e Bt o
lithium salt ol sulfates, AkYBentePIRLAS, ﬁ&?oﬂé%l&%e g o157 bkt Wibh&sS desired

and | ow tribochargi ng characteristics. mnimumvaries with

t he pol yner golyeagethylene aikylphendliether sulfstesiamitialkyl succinategigeful henighicect of
the lithiumsalts on ,such properties is mnimal until the 1 5 threshold

anount i 7 r e Serfedtants includepolpxyethyleae iy ethersnpolyexystivyiens alig phenal gtherspi di y
such that eff | Y an be fornul.ated. w t hout affecting other
desi rabl e aﬁgE)%ﬁgﬁgéssﬁééglgaygxypmpylene bqgﬂ%cqu{yé&erﬁdhesi ve of the present

i nvention may coNMIlatdkeadhe§ivasoTtheinivBskiGi&Rtprise at leastlé%@Piﬁhuﬁl%ﬁm ignd ude
mul ti functional acrylates such as diacrylates, triacrylates, an 0

t etraacryl at bslieveddghat the Suchealmbatbmiedissoriattditvith elzotry dodrying peoups that form

gl ycol ) -di acryl at.es, ol y(but,adi ene) di acr.yl ates, pol yurethane

di acryl at es Qﬁ’a O%ﬁ?erﬂyfw %‘Ibgtﬂtﬁfv? feplety. esnmt?g’FjEl?‘W& “Ngﬁlﬁc‘i"}llaéﬂ Botagent s

i ncl ude achiyls C YA0 di vepyly : : -y . .. M xtures
of cr ossf? nkglﬂl%gié gg’@@g”[}ggg%&%ls%r%mma gcl:lﬁll‘al%hé%r? nitrate 1s

pol y( et hyl enereftryad| Antiasticddabsives ofthe InvemtiohenR B anRas 1 % Bthiftnshl i1e'S
t hereof are 25 preferred. \Were a crosslinking agent is present, up to 5
wei ght per ceffder § peovjde the surface rcpﬁsélrv@tmbieyxr@rpngog triboakatging chazanteristics.

Anot her opti | J.naredient is a. I n transfer ent . eful agents

i ncl ude Oﬂieae?égg%nf%m?o‘%ﬁf %&qﬁ@pglgmeéﬁgrpp%q%g%@dsl%s% ‘%Faf es -

t her eof . Prehgwe®st tROEMES of the lithiuhl & ; %ﬁﬁﬂ% -1 ksooct yl

t hi ogl ycol ate, and m xt urgs tehler eof . Ilt\g/%ggrsga{ Bﬁrgxg.%l{s t he clﬂ'gllh}lhtﬁr ansf er

agent i slpr etesholdhamountipeathedf arid subséquentto this pointshghge occurs vepg Eapidiy
: ) ) i ght .
Pr i](‘)er ably f %%%@%’&%ﬁvg aaxe\é\ﬁgsg can b%etro?rggltated without affecting other desirable

PCT/ US98/ 0053&, Lat ex adhesives of the invention may be

rties.
prepared by valpieobeg met hods dependi ng upon the desired structure of

the di spersed phadheddtepadhesiveiof @@t present investicatnapcompMiRraccrbtisRing agent.
pol ymeri zed ﬂéc&drops‘ have uni form conposition, they . may be prepared
usi ng a si nglsel¥ agenipinghde multifynetionabaeryletastsuch arcdipasylates; triaerylates, and

i cr od ' . | it h L yi hel | |
ol ormany 20 °* ity Rl g RO i SR & Rl it v By Bfshac o the
shel | el enenpolyfBiitadiene)diacryTHRAIh R et HanE didcBAates 484 fHietiBflolBfdpaas at i on.

triacrylate. Nonacrylate agents include 4-acryloxybenzophenone, divinyl benzene, and

the like. Mixtures of crosslinkers may also be used. Multifunctional acrylates,
poly(ethylene glycol)diacrylates, 4-acryloxybenzophenone, and mixtures thereof are
25  preferred. Where a crosslinking agent is present, up to 5 weight percent is useful,
preferably up to 2 weight percent.
Another optional ingrédient is a chain transfer agent. Useful agents include
carbon tetrabromide, mercaptans, alcohols, and mixtures thereof. Preferred agents
include carbon tetrabromide, isooctyl thioglycolate, and mixtures thereof. Where

30 used, the chain transfer agent is present in an amount of from 0.1 up to 1 weight

5

percent, preferably from 0.1 to 0.5 weight percent.
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The single steg method to form | atex adhesive with dispersed pol ynerized - |

ni cr odr ops WAVPAE%ni f or m conposi tion, conmbines water, reacti IBGRIHRr

10 (neth)acrylate nononmer m xture and any optional hydrophobic pol yner. . -

These ingredjents, contaLped in a suitable vessel, provide an oil in
fatex aabesfygs of i iovantion menke PReRTed Bl aaousTRehate ndor

wat er enul si on whe

operates at s o | gk tq: ) to.establish a
st abl e enul si'd(g?a\}\ﬂlg%k%%g%e#gﬁ? dcsr%ugpggéP%sdégﬂyseB%? %?a%%nwelﬁn di aneter.
15 idredrops.aWdiesy thee polyatiériAl sictaiaess e uhiFSin eombBRREN, Whih 2
stirrer, reflux condenser, nitrogen inlet and a thernoneter,

conver si on of MAY, ke prepateddisingrfrirgle step method. Inpongdimbwidimeniothy polymerizeds, in
t he presence of suitable initiator, with stirr.i,ng and, the

appl i cati §n Oxfncﬁé‘tgpp ts%“?bt%e rf‘%ya%%’at_b‘ﬁe?lcg?ﬁ e’}!@‘&twlﬂbg‘b?\ﬁeéb’é‘&%s%ut#rﬂ?‘%tf ogen
gas flow ng The corhptsftititofithecdte Eleﬂ]%f‘gigfe?s ﬁ‘bﬁﬁﬁ&toﬁtﬁ%s}{eﬁac%ﬁ&ﬁ This

conposition. Thirty mnutes after mal n exo rmc reaction,

addi ti onal i rembddimentsrequicesch multistep prépargtivnat ur e i ncreased to a
prescribed controlled tenperature at which the polynerization continues for
an ext ended Th¢EDgle stepanathedis e datex adhesivestlile dispersed palimerizebner i n

t he adhesive _. fornmed,.. t he adhesive | atex pr.ovides the
maj or conponennl{cr?%?{)sg%@?%g&y&m °°"?r5§°ﬂﬁf|“a‘f‘?’8 : &S Y8 'e.r, reac%ve olizgcmgr,

prepar at ijgn nEidHQEcitS oR6MY MBuledh@and SpaSHAl B5ditp Bbi%%bﬁ/ﬁér).e Hheld/ PE

pol ynmeri zed m crodrops involves a polynerization’reaction to formthe core
mat eri al ingrgdients, sonsaingd g suitable vessed,previde th @illiy vaterrepiuision hesior e

with a polyner shell selected for,i |.ow tribochargin .
characteri sti .%B}%ﬁa Hef ﬁa,“qg@:plﬁﬁﬁl‘?’ig tr\kﬁﬁ’iﬁ“,de%‘ﬂﬂqr%ﬁ %Frﬂlﬂg&ﬂ%!%ly high

met h) acryl at )X Tl [ o | -QVI he core
50 omponent CHRGEEper RishiiS fabIRh X EmGRIRTh bl RiGHHBAIGS G
an oi |l in watthan 500 nmdmdismheer. WO 98/ 36005

PCT/ US98/ 00539 A reaction flask, equipped with a stirrer,
refl ux cdAdenser, AfterEnskeritma syitable reactionfaskeqniprpd wi rzeriteBuxonet er

id th | f l. ' ' f. th . l,Si f th
Sompos ti on. SPanass el Rl T hedioeieh CRaversipn oL B hifneBH cSmpostof oo
to the react itgndhésiidpotineociis, RNak byeseRRlFaNgitablS éﬁhﬂ&ﬂoﬂh%*&i sﬁxjrihg laHfthe

hydr oxi de in 5 de-ionized water. Heating proceeds w th nitrogén gas
f1 owi ng t hr oupplicdtionecafihieptte the reaction flask. Bleatitg prachalstwitdshitrogen gast Sowidy a

trolled t f 8 . addi ti f ) . initiat h ,
compr 1 si g palBusR N SuPnrR o blehEis Bt R inso ity MRS FaAr the -
that cauges RRAn 'E%ih%ﬁﬁi'c‘}@acﬂtm,{%ﬂﬁ%ﬁﬂnﬁ%ﬁ’ id 21408 ahd ?;Seetg?cl} q?xlrag.{}? gI r{aggd f°re

conposition. The exotherm c polynerization reaction

mai nt ai n t he a gréscribedpentadlledeemperdifeatyifich Agdiolyaerizdtivn dehdmicsJor & t he
emul sion of the core conposition over a period of approximtely

sixty (60) nictroded Hme;of\abautitye houts; rThis rednessarsidaal anonomer in thesdhesivey f or m
of the reacti f [ . S havi ng m nu .
pol yneri zed r%&g}r{ggﬁgﬁg Oﬁ,&ﬁ%g@%\g@@# g’ﬁgfgs{llé%s?ﬁe W% (62 %enfttrg | QFtne

formulations.

25 The preparation method which provides latex adhesives with core/shell type
polymerized microdrops involves a polymerization reaction to form the core material
and a subsequent step to substantially surround the core with a polymer shell selected
for its low tribocharging characteristics. Components, including water, surfactant and
(meth)acrylate monomer mixture comprise the composition to provide the core

30  component. These ingredients, combined in a suitable vessel, provide an oil in water

emulsion.
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A conposition conprising a nononer prenix of (nmeth)acrylate nmononers 15°
and reacti WO /3680fher provi des the shell conponent of the ca@cI/Es$ssiobsspat ex
adhesi've. Thi's monomer premix forns a.shell coating over the :
adhesi ve core polyneri zed m crodrops by netered addition over a
period of ninety (opchomilesis equinpes withia stiver, reflux congenser aitogen idegont i nued

t dt t trol at 80 ddi t f
he. monamer  FAGTTIE SLoBb A & HerRp R FEaRArLiTe SESE) ©F BUDRECROROLRE i x and
the 20  pr e\éhﬁl‘l's%ﬂ/ oP@k ¥BRS doﬁ@gxsﬁﬂﬁe sCJc‘Bglrs%ﬁn ﬁﬁnﬂ%ﬁ%&'ﬁ% aﬁgﬁéﬁruoﬁ%? layer

or shell around the mcro In't

conposi tion imat tdithid macﬁdrrﬁnskhﬁndhqhionally contamg aRokitibh 0N lithdurA heuictededin
variety of enulsions. Additional polynerization tinme of about two

hours f ol § owidgdoniged water+ Heatingrpracesds with mmegegaaﬂowmathmughtbec@upmame

pol ymor i zat | ShORRHARE Rtk onfs A 3 iRl et A SO AR AT pr oclc

i s il Gaeieds ERMres HonpiRmS Sotd IR

Antistatic for r%ul gt | ogs sui tg%% ?%M%é%I ng, %ﬁag?ksrhg%% @gﬁgﬂ%@ sh

the pH tht cadses palymemaﬂxmmﬁmmammgompngng therenmilsion by the@stale.

Addi ti on of aqueoys utions containing Jithiumsalts enhances the
el ectrical c&RERETHOR yh?)FxQ 1%?@%“@923“%&10%%“&1@“3@ F@mx}am

m ni mal nd ri Ben [ addi t

ot ovent s \or FaiperkBHRiCRb-E) WG By BitiorfBrePnE RERich of e corf T
-12- over a pdﬂﬂﬂl&iﬂ a‘pprofxﬁﬁﬁwlyaém? I060) dﬁﬂﬁfeb QEhisRithd ¥ire@ Bodtol!l Mhe
properties of adhesive formul ations of the invention results from

addi ti on of vesultingferm 0§ﬂmma@10nnfpr@duca18| apeaghesive emulsionthawing minute

pent aer ¥t | (0l ot 3 el il N BAIdhe bR EOR] SALE, ALg01 © 5 XAVA T

trimet hyl ol propane Eérh%os(lt[l&f 6dmﬁri\§‘g?gzé PofbR¥ PreRfi:08f AR BcYAL hdhbfefS S

XAMVA 2 also fromB. F odrich

tri met hyl®| pangzaaective olsgc(rﬁmpn}w(iéstthe shellkbamydonent of the cqpe/sipsiblatixeadhysive. abl e
as "CX-100" om Zeneca Resi These curatives cause sone crosslink

formation in. RS RFEMPX1oRmE & shelhcqating iover the adipsivesaraplymerizadeas ed
adhesi ve s heﬂlcﬁﬁg{ Qrbyrxﬁ ?‘i&i@iﬁgg Ve d%enod of fmrbetX £90? mARES 'ﬁfngtagf Bon

I nvention, especl use INn mCcro- I on,

produced by pmedsgmm tomtined stifridigexd tanparhtaid @atrobat 898C! @ﬂrhﬁgﬂh@ﬁkﬁﬁﬁ@h
sur f aces of flexi ble substrates. Suitable substrates include

pol yneric fi Phtheqnenpmae nsemi aemlymenzatloncmc@nn edctpmbgtwp@pme@nemx and the
POl St e AL S 5B L PASE By oy BT
from DuPont ggre rﬁﬁrodrops In this !Q#&S/ftﬁ&é‘oré’ E:@xﬂﬁéﬁﬁér?ﬂxa?ﬁxf?éi‘?m%&'ﬁﬁtsh@ﬁ e, before
application of a | atex coating fornmul ation of the I nvention, includes
the use of prompesition td)pmddlesa vafietyfoflenmdisions. Additional polymerization time of

about two hours following the addition of a second charge of potaseium persulfate

initiator reduces undesirable residual monomer. Upon completion of the

.25  polymerization process and cooling to room temperature the reaction product is
filtered through cheesecloth to remove gel agglomerates.
Antistatic formulations, suitable for coating, may require adjustment of the pH
of the latex adhesives using, e.g. ammonium hydroxide. Addition of aqueous
solutions containing lithium salts enhances the electrical conductivity of the latex
30  adhesives and, thereby, their minimal tendency towards tribocharging. Benzotriazole

L 4
addition prevents corrosion of metal surfaces that may come in contact with the
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enbodi ments conprise a binder to en Jma”g Batcadhexrsuy Het ween the substrate
and the -~ WO?9 3ive exceeds the ghhesi grerhgicEeen thg adhe8CTAISIHO0BNe
el ectroni c conponent to whi ch & ¥ . Useful primers™ .

i ncl ude phenol c .re s, acry. reS|ns 20 rubbery conponents, bl ock
copol yners a ﬁrgglapﬁﬁ e%*‘a‘er modification of the\M@P ip§ efradbesiper at ur e

' | t
bhenol i Lefei.fﬁ"éﬁgﬂéﬁ%%n%neo*rra St obon St o ROy el amopsf SV
conponents | %ﬁéhlﬁiﬁpdiﬁddﬂjftﬁhtdl-lﬂxb@ﬂ}-m%ﬁﬁfﬁlﬁﬁ)?kﬂﬁénawm%ﬁle%9WA@V%om

synthetic ounds, i ncluding but
acrylonitril 8.Buba trlracthyllommpa:methBS-(Q{N-azlmdmyll)qm;nsmate evailablyasl yner s,
styrene-byta styrene,

pol ychl or dpr WA&% %ggﬂmﬁrérgne A le‘?‘%@?ﬁﬁ%’ﬂﬁ‘gﬁ%&ﬂ%@‘m&e and
mxtures thergfiondds G A{abRCPENIRE ﬁ@a&l%erne Lahd! @xgog@@ﬁyf ol gg,gg

conmpounds, as acryloni but ene an

contain chi Orck‘dib@hﬂdformatmn ROthy eldRdsivesfoandlafieh YRSy GHanfed subh Q6 Ridydased W' th
substituted phenols. 13
WO 98/ 36005 adhesive shear and/or reduced adhesion.

PCT/ US98/ 00539 Test Met hods
Surface Resi st ancer 30ES8fihefpysntionyesperially usefyl %H?mrf{?é"ce fabrication, may ‘l"
Surface Rgsi $iedifcs fatd 4 b g}”@% rieal to
conduct 15 %e ec%l Pg ggatﬁgaa?x:ﬁgﬁgé’par o}ggordn i vt\;r? |H§ hﬁ F?p%ﬂlr%%%ggg o E

di nensi ons offlekibde sulistraienl Suifable sbsphtes inthelegiolfmetc filss ﬁbﬁ@@ﬁlaﬁfallgoat i ngs
of the invention glas measured accor di ng to EOCS/ ESD Associ ation
Standard - SPriented pobprepylenc ﬁcﬂmnvkmetq%%orsieemlwwl chloride, polyesters,

Overstress/ El ect 1o t r ation of Ro
sour ce of pofy T30 r%ot T%g%@] gglg @%ﬁgﬂ% RARRES ngtk%snl\g“)‘of'}yns&?vﬂi?%gﬁd 10%
RH. Measur engf¥m DuPont €&VOl ved cont act bet ween the resistance neter and the

adhesi ve surface. 10 Peel Adhesion
Peel adhé&ion is tS\Efafcc)pmpanaaqmpf the substratenbefora applitisticn vta tabet amtihg exi bl e

Phte of rempiaimulagon iahe itvenich, s e Reeot st ats?ggleﬁ%ﬁfei’(:%?? ® Now ons
per 100 mm Weﬁiﬂ%dﬁfxexﬁ?@&ﬁg?s%%ﬁde{w@ﬁsm‘%that RERGRA e 9'&9%@1&%03.':1&311? al

Astrip 1.27 cmin wdth the coate eet 1's appli z
surface adbésive eiceads thé adimsion betvedenlths adissiveland ﬂﬁielédtmhﬁ: sUnifoneht toeast
12.7 lineal cm.in firmcontact A2 Ighardrubber roller is used to
apply the st r”Ybﬁ"h it gLl e @Baghed- &seﬁﬁ@rxm@g uge lphﬁnthr resins, acrylic resins, '

20  rubbery components, block copolymers and mixtures thereof.

Where high temperature properties are required, a useful primer will comprise
at least one phenolic resin and at least one rubbery component. Useful rubbery
components include natural rubbers such as butyl rubbets and various synthetic
compounds, including but not limited to, acrylonitrile-butadiene, acrylonitrile-

25  butadiene-styrene copolymers, styrene-butadiene-styrene, styrene-ethylene butylene-
styrene, polychloroprene, polybutadiene, polyisoprene, styrene-isoprene-styrene and
mixtures thereof. Preferred primers either contain two or more rubbery compounds,
such as acrylonitrile-butadiene and polychloroprene, or contain chlorinated
polyolefins and polymers of epichlorohydrin with substituted phenols.

30 The following examples are for illustrative purposes only, and are not meant to

limit the scope of the invention, which is expressed solely in the claims.
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doubl ed back nearly touching itself so the angle of renoval wll be

180[ err] . ~ V¥299/36085 end is attached to the adhesion tesPEI/USISMOS9 The
test plate is clanped in the jaws of a 20 tensile testing machine which i's
capabl e of noving the plate away fromthe scale at a constant rate of

2.3 neters per minute. The scal e readlesyMathadswt ons is recorded as

the tape is peeled frogthe test plate surface . The data are reported as
the average of t e ety BatcR Measemanis ot anbstatic. Coatings, | est |
Tribochargi ng MeasurfaeeResdstice s hhakd 67 tiRGR 2B i
separation of materials, which have been ﬁg?nﬁnat eé tﬁlct)ygg?:ﬁlao rha(laﬁ]goélgagtes

t he gener at i electodnse|Ieista propértycivhicty és independentoftincdimentiondofMBe enddérgali ousl y-
in cont acszé. élhgi s possible tg obtain the magni tude of the el ectrical
charge as® a FAPBRIGr dhepurfeneresistance of gestingsof the inwntivgerasmeasuredravenriingt | v

measur ed usi k| | YS& val e fr M .nnesot a

M ning and &%@gﬁéﬁ %‘%gs;%{og%]tiégﬁ%&/q'uﬁ)%hl9?%1@?@318@%3{% theo%% sensor,
mount ed i n aQseistely/RleCRedtAR IiSchalgteA #B61A8Y bER b PRYY sie&q%w;& Bordtce of

-14- digital read-out of voltage neasured wt espect to a

st ai nl ess st &¢0 voltsawas vieid or measurementstakerzai 559 R ahidsi00s R avidasureridmt | vel y
attached aboye h§ encl qsur e. tISxt atjc charelttge devel opnent may be
neasur ed for ™8HE iCG'Btaf’@ffé‘é’e‘?ﬁ ¢ Freistange mefes qng the adbesive purdacene t ape
with its adhesive face in contact with the surface of the stainless steel
plate. Tjys 5 a strip of tape, 2. C ] x 15.24 cmlong is applied
to the upper surface of the st%elmﬁ%g eel plate using a 2.0 Kg

rol I er or suffici Pedl atthesimr is phiecfoseerrequifedito $ohaeeart ddhesive coatdd flekiBle@es t he
stainless steel plate and the adhesive. The steel plate is then grounded

to zero the WelFRhirom aisstaanclpsasured af p specifigiangle andbrategfaeinovalr dapleed and

urace o REHIGEHT: YorPOR ocbltsdeli Repholfy ool nim RRGLGT B stelable -

devel oped onpiobeduit &stlowddds.e i s displayed via digital read-out. After
this reading is noted, the detector is zeroed by grounding the steel
plate. 15 A strip¢27 cmhis widpheof thin codtedisheepis appliedstoythe bediznlt] sorfadeh e

steel plate, 4s R0Sitioned. ry close tq th teel. plate w thout

t ouching it .dian d %‘bﬂassr%ta?g?’?ﬁssosfeeygeis{@@@ "I"Eh i'geaSt S‘?’é ping Whiten cpigftesent s
the vol tage negigihag RBbiMEISY e: e i
possible to det egm' ne the vol t.ggi?agg%é?lg{lg%gﬁg? |Tr1?8 ﬁéegggcrlg{}hgrfo%{eﬁggﬁ)égi ve
tapes of t hedoubleshbbackmefnlptouchipg itsdlfsb thieraagietof berasehl will bt 180N TERS fred a

sui t abl e boar the surface of the stainless steel plate. Adhesive

xz
tape is ther® ‘Fgg?‘@&dtt%ﬂleﬁéﬁ?ﬁl%ﬁﬁﬁ'ﬁ?r scale. Thegast iplaje isrrdamaprd iprthejansrad a

describ preyis f : : Lhg the 2 t from
t he ci r?l?i t %ﬁ%ﬁt@%%\?o'ﬁ%"é’%%e?@’g@gn?%@g gfxsn:)é& g@etggﬁht%%vﬁyeﬁ?rggpg S‘Eaﬁ%%(?‘nar ge
gener at ed oncdnstntatd 6RE:3 efetdr§ ferGhingts. ITHRRR4lE reddld BWGoh$ R rRERE&Ess Of

zeroing the )
the tape is peeled from the test plate surface. The data are reported as the average of

«

the range of numbers observed during the test.

Tribocharging Measurements of Antistatic Coatings

25 The separation of materials, which have been laminated to each other, causes
the generation of electrical charge on the surfaces which were previously in contact.
It is possible to obtain the magnitude of the electrical charge as a measure of volts
generated. Voltages were conveniently measured using a 3M 711 Charge Analyser,
available from Minnesot_g Mining and Manufacturing Co. This equipment includes a

30  voltage sensor, mounted in a suitable enclosure. The enclosure is provided with a
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ndi ng, the reg)i Od&l ST igas saenbg t ape i s, peasured. by
posi tioning d)ym%&%]he peel ed tapg in cREBBAREDXi mitl to the g&ﬁgﬁ”ﬁqoﬁ%:
Tri bochargi ng during unwi nd of a ~T5 50 neasured using the 3M

25 711 Chajgea/RaLeeehs ydifhol Meastilf G (bt LhaihARCARIQXLARLELY 30. 48

cmlong is unwoun r _ Sive tape A &d from
i t. Wien t heheriwmeally disposed hedFishlatitel hﬁﬁdﬂédlaBofd-&S%nﬂbﬁﬁ'{e.”Bfa}ﬁctcPax?ge .
previously grounded steel plate, a voltage reading i s displayed which
represents tdevetopgdnt mky bef medsuredifar athesive tapes ofifhe. invention by laminating the

Met hod of Latex Rolyner Preparation 30, Conponent s, including

wat er (53, 3) (8PP & S asbgivE Garenn pontast veiFtheghiEReer of the Staunlgss sigelepleteORhGS)

VAc 6/ 3) ' Ve : i

Vs 5 %) a B MASE PSS RN R4 Bk Yt SRRy SRS Rutics ot o
These i ngr editainless seelplaragingn 20 Kg roller Sieuffditst fuRes plessudé RVdiSsladihei | in
wat er enul si on_when honogeni zed in a Waring | ender. The bl ender
operates at aiibetiweenthg stainlegssteel\pdate and the adhesive. nlhestes) plate ithersgrounded  a
stabl e emul sj on w,t h,.enul sion rg.crodrops | e han 500 nm (0.5 [err]m in
di anet er. 502erc‘ﬂhe dlgﬂ%f‘ﬁ‘??ayt ;&?ﬁ’faeﬁe‘{)‘ﬁf‘éoéﬁ? %agﬁll%gﬁaﬁ%'?gﬁ“gﬁ‘sﬂga”sk equi pped
with a stirrgfiforhfy aplied fi ﬂfé%t%e@ Blled Rivh ﬁ{‘:gh er,
conversi on of tohe %I g%lcljeedo{:cghpom ioﬁ © 'J’;tﬁg a E{Su?%/cee po é;/s&%érl%g%%gfs
With stil0i nmteofB30.48 cmpises. CHlid voitagé deweddpedant the steelslhte d$\displayed vihldagital
Heating proceeds with nitrogen gas flow ng through the equi pnent to bl anket
the reacti ngreadybsHfents wading ferqteds theidripetpiis zsroed Ay reroundmgtheisteebr t o

t he reaction lfaeask, 10 causes the tenperature to rise under the influence
of an exot hePFre pol ymeri zation reaction. ' Thirty
mnutes |ater, thNekeilBitiie)WhidhiwisHre¥iohsly pesled frohd¥Be %@E@ﬂﬁ@}iérp%sﬂﬁ%ned
increased to 75[err]C, and the polynerization reaction advances for two
nmore hours. very closgit therstetliplate wishoutdeuchingnibndrsecond ieediagbfsolageliat ex

whi ch, after .cooli .has the 1 ecessqry characteristics for coating on
sel ect ed s unGSPavel ThisTIFRsras e valitiedrOging gpee Satice oF the @DS- nvent | on

The adhesive, as prigBas | 9 i | ALAUE LA '

700Pas (cps). 1vPs cﬁ? %dy&é%ghégeﬁ ﬁﬁ‘%%%ég?%@édneas L%%h%%?%h%%ﬂts ﬁgt t he
| at ex it sel ftapes oftthe inventioe frent 2 primtked giradhbowed by attadhnent ofd skl Rbdard to
possesses a surface resistance of 2.2 x 10[err] ohm 20 and generates

el ect r ost at | BeSHHRERO1 the siainless gteslplate. Adhgsive tapeds thea attachsd tathsdircnm a

st ai nl ess st . . i t.hod of,.a
Corel St L btk RbloBEfie described previouaty foltHk MeelFlall Ot RS e, ¢
i ncl udi rEp noapetontihéicitcait bﬁﬁtﬂfa&@ﬁQéFreiﬁﬁlg\dﬁﬂﬁl_Fla&éﬁ WARUHESed?Sthe charge

described in Table 5, entries DL E, F, G and H conprise the reactive
di spersi on generated on the surface of the circuit board. Following the process of zeroing the

i nstrunent o

instrument, by grounding, the residual charge on the tape is measured by positioning
the peeled tape in close proximity to the steel plate.
Tribocharging during unwind of a roll of tape is also measured using the 3M
25 711 Charge 'Analyser. In this case a length of tape approximately 30.48 cms long is
unwound from a roll of adhesive tape but not removed from it. When the unwound
length is placed in close proximity to the previously grounded steel plate, a voltage

reading is displayed which represents the magnitude of the charge on the tape.

Method of Latex Polymer Preparation

30 Components, including water (53.3), reactive oligomer (2.5) and monomer

mixture (I0A 89/ VAc 6/ AA 3) and hydrophobic polymer (polystyren; 2) comprise
o _ -15 -
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THIS st | _ C
25 wherein the core conponeft of %:E,g%o& REEN Lat ex adhesive forns. .
Simlar st WOPIBMteri al s, ag dé d i/n Table 5 erpc1/8s98l0p539, K
and L, : provi de the shell conponent of the core/shell |atex adhesi-ve.

A monomer prem x of these materials represents a mxture for addition
to the react ithmcampesitic foe copersien atancadhesive latext These ngrezliems)combired iBa

A reaction flask, equipped.with a stirrer, reflux condenser, njtrogen
inlet, shasile verseh araYidhah oil ImerteARtlEon e ompeenired ik aring
pol ymeri zat i qfferfir. ! Pfe GiRhider operates at sufficiently high revolutjgns ner nyinute to establish, , -

16 -
98/ 36005 a stable emulsion with emulsion microdrops less than 500 nm in diameter. _
PCT/ US98/ 00539 - conposition erul sion mcrodrops. This occurs with

stirring and the airiteaasicotd auitable readtiatflask equippedewith a stirréd, sefhoanhi ch
tains de-ionized wat tional |y lithium, droxi de. Heati

b oceeds wi i HOMGG B agsa MR a BetFIoRR: boyBRRn ohfbnblenged composiicnica;

the flask conbaieivedlol & bas 'uh&%tﬁﬁ%%@&x@raﬁ;ﬂéaﬁgﬁégpg%% 4R3EhdaRN Of an

5 initiator charge, conprising potassi persultate, I'T Shes an "aqueous
conposi tion flask. Heftrig mraceeds with|njtiregenzat flowing thiaupbithe squipiipit t6blgkehe
core conposition enulsion . m crodrops. The exotherm c polynerization
reaction nusth®Eagiing saspasitiono A@LHeaddition of haifithe initiater totthe teagtiosfipsks r | C.
Addi tion,,by ' of .t h re coppoesihtion enul sion . over.a period
of appros? rratc'g‘Fs%g ?IL e)% Erglap [‘%8;'3 ?rﬁ ﬁ%t‘g‘ge%@%i“é@‘ée?c? ﬁgaﬁ%‘?‘ﬁ%ﬂ““cgﬂw’ﬁp?ﬂ*ﬂ% 10
resul ting forgacbnt he reaction product is an adhesive emnul si on havi ng

m nut e pol ynmeri zed m crodrops of adhesive pol ynmer dispersed in an
aqueous medi um A Thirty migited later,dhe rempining neitiator tv adddd,dhe tempeeatanttiesi ve

ol ymerized nicrodr ere . .. addition of nmpponer prem x over a
Ber iyoq of ni ﬁ%@?ﬁsﬁég-‘ﬁ?nﬂ &’E‘nig‘.e pPEW’ée%?&BP’P [E3Rtion adw{anﬁqs(f%%rrwe.t owHNt i nued
stireing and fhRaakYE St MohOhePin HOh@dslve 1t birih, b6 AfihE G ad O
t he mononer prem x a polynerization reaction occurs between trie prem x and

t he 15 pr eecessery yharatigtistics factoating onlselpcted sutiztrals 6eprovide ahadRediv/@pe OF
shel |l around the . . particles. In this way the core conposition nmay
di ffer from ChthedA¥NtioBoposition to provi de a variety of enulsions.

It is advant ageou c | I NOREBL . cancentratio a

m ni nrum by ext ensis"[;)htr?%g%l g%ég%%ﬁ%%‘rrg#’ﬁg 3?%0%@%5%‘("?‘8&?“‘%%“%6fﬁm‘iaﬁﬁ‘f%ﬁﬁm
pol yneri zat i efscbiityeatipH K80 Propey® nidsirendetl HoWstRatithelatddiskirgin@f a second
charge of potassium persulfate initiator. Upon conpletion of the

pol yneri zat i glectrically condustive sinerd at HTIiRH ittnossassanat sunfpes woistance 6f2.2 xald¥d on

product b& f Iallé Eér?egattesh élgé{gohstatic chargg ?ne tehséerg!gigg rcl)f E ,0706 %gPtg \?vhgr? lsepaa?a%el:c? ggx&xaat es:

stainless steel test surface,

Detailed Method of a Core/Shell Latex Adhesive Polymer Preparation

Components, including monomer mixture, surfactant and water in amounts as
described in Table 5, entries D, E, F,Gand H comprise the reactive dispersion
25 wherein the core component of a core/shell latex adhesive forms.
_ Similar starting materials, again as described in Table 5 entries I, J, K and L,
provide the shell component of the core/shell latex adhesive. A monomer premix of
these materials represents a mixture for addition to the reaction flask after preparation

of the core component.

30 A reactygm flask, equipped with a stirrer, reflux condenser, nitrogen inlet,
metering pump and a thermometer, provides the vessel for polymerization of the core
This Sheet Has Been - 16 -
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Exanpl es 1 npar ati ve Exanple C4 25 - Alate @hesi ve yvaé
made acco?‘glﬁr%g?%&?he above net hod having the foll ow ﬁ’g"a 997 on.
(See Table 1). The enul sion was then forned i.nto 3 different adhesi ve
coating for ' Lt Qn-0f  varyving ampunts . of |ithiumsalt.
Prior to cogﬁ"%c%sptﬁ’eg%ﬂg%ﬁ @g%d;éddﬁég?lflse%&m%sﬂ%%%@gt?ng g’ep"ﬁ’ .C_Et‘%?ﬁg
concent r at €dyeat to the réaction #asioWiich *BHRMs\HE-B1IZEQ Watt? aAd pRAdlly HihitH |

hydr oxi de sol utions. 30 Benzotri azol e was added to prevent “corrosi on of

met al surf achsdroxide. Hegtinmprocseds with nitrogan gestflomiing thrbagleitie egiipenent to
formul ati ons,

' .o 17-
The resul ti ngjaskayths faskicgpientsa it srontrolled, iemperatuns of 8R7( radditiom efiangn o
i med : e lLm: ' . y . t .1 hen
e i o oAl KA bGP Bh  RhS EOER A Ae e
of 25 mi cr onhPéamsesIlpatiiafion bl sonbaktscomprising ®B¢bRconiposiifdasnntsibare
facilitates testing to determ ne adhesion l'evel, resistivity and 5 .
el ectr ost at i miazediops Gheerathdarmic polymefigaiomereaition. ms bp sounttolled tExsaiptaim C4 i s

a m cr rticle antj.statigG.adhesi ve available from 3M Conpany as #40
t ape. e ?emperature at 40 lE Ad(c:htlon, $}5\§}_e§er}ng, ogﬁﬁggrw%m emulsion

ggm(:’ gg?;gt y [ayer )a period of approximately sixty (Gﬁmﬂﬁteégﬁﬁév% the desired control, The =~ ./
211 10  resulting form of the reaction produét is an adhesive emulfion having minuftABLE 2 -
Adhesi ve Coating Fornul ations arts Exanpl e No.

[err]C polyr%erizegi microdrops o a%hesigg polymer dismq:dgpm angpeus medium. A

100

shell c%gt(i)ng is next formed.o&leq(%he adhesive polymerized microdrops by metered
addition of monomer premix over a period of ninety (90) minutes. This addition
proceeds with continued stirring and temperature control at 80°C. During the addition

15  of the monomer premix a polymerization reaction occurs between the premix and the
previously polymerized microdrops to produce a surface layer or shell around the
f:articles. In this way the core composition may differ from the shell composition to
provide a variety of emulsions. It is advantageous to reduce residual monomer
concentration to a minimum by extension of the polymerization reaction. The

20 additional polymerization time is about two hours following the addition of a second
charge of potassium persulfate initiator. Upon complétion of the polymerization
process and cooling to room temperature the reaction product is filtered through

cheesecloth to remove gel agglomerates.

Examples 1-3 and Comparative Example C4

25 A latex adhesive was made according to the above method having the
following composition (See Table 1). The emulsion was then formed into 3 different
a&hesive coating formulations by the addition of varying amounts of lithium salt.
Prior to coating, the pH of the adhesives was adjusted to pH 7.2 using concentrated,
i.e. 25-30%, ammonium hydroxide and 8% lithium hydroxide solutions. |

30 . Banzotriazole was added to prevent corrosipn of metal surfaces that may come in

contact with the adhesive formulations.
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2.4

LithiumN trate — (1.2 .
Li t hi um “HMQ 3685 THIS §HE T HAS BEEN ] 0.28 PCT/US98/0039
Anmroni um Hydr oxi de (f‘EIPL"CED 0.7 0.7 ~ .
Benzotri azol e 0. 05 0. 05 . 0.05 10
18 The resulting adhesive formulation iggpqated withg kaife ogatqraq;ea priwpdrt i es
Test S I

C?ls anp Ag hgollyeste fi-{}ewf f%Wylene terephthalate}) then dyied gvith hot alrai§5§ to
14.5 iefd an adhesfvumaﬁﬁ aldey 13418R6Lo S MRYorREefs0 R Oferr]
4.8 x 106 152 x 10[err] g #I bocharge on Stai ﬁl ess K ?g% glscolﬁ)

56 volts 14lengthss>f a@Resivel tape facilitates testmg tSlﬂefeammelﬁhesitmeel &tsxsﬁ@ﬂ@ Bl

2 x 10[err] éﬁ r] 2 x 1err] 4 x 10[err] 27x10 [err]
Tri boc har% atzegepgration on Fiwgmglé‘@mnar%t@e BxampleCéisa 15 volts -
245 volts . vol ts 1.5
vol ts 3 vofntlcsmg gﬂfg%ca\s}g"[ &° chheﬁggagm]able ﬁ‘mR tesﬁongp%f’%#%(?mgﬁ adhesi ve of
the invention having the fornul ati on descri bed as Exanple 3 was
prepared on biaxially orientedABLEQr- egive jongi ving the 5
results shown in Tahle 4. This tape also exhibited Lred antistatic
properties. Component Amount (parts)
Isooctylacrylate 89
VAC (Vinyl Acetate) 6
Acrylic Acid 3
PS (Polystyrene) 2
Mazon SAM 211 2.5
TABLE 2 - Adhesive Coating Formulations (parts
Example No. 1 2 3
Emulsion Adhesive 100 100 100
Lithium Nitrate 0.6 1.2 24
Lithium Hydroxide i 0.28 0.28 0.28
Ammonium Hydroxide 0.7 0.7 0.7
Benzotriazole 0.05 0.05 0.05
10
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TABLE 4 -_ ' Tape Proper tli #8I1SoSHEIPRAS BEEN
3 ' a(;i(];sg";"“\{’ﬁﬁjhesi on( Newt gns/ 108ERLACED ’
14. 4 ' Surface Re 5.2 x

10[ err] - Tri bOC»?ng%% ,)p_nA%easll‘pel S eP'St eel. at 10% RH 10% RH 15
volts ——p——%es 5 8 _ )
=Pt g isa -ﬁmt e

nmet hod previ Wéescrl bed, using conpagsit ibns b. p

vas then 10 | AgHEBR NGyt PIODRH ' 0 C [ s g0

Surlyn[err] [iSibfacé Résistdnoe pir55% Rid adhesi e 2apes DA.8&Ned [ 1.2x tempentLon.
Surlyn[err] | ene acil copolyner film availaple
f rom DuPont , f’%"ﬁh‘ﬁrwntﬁé‘“gﬁﬁ %‘%F"(ﬁ?p’%Rgr e Sﬁé’P{W a| ¢ vAu{ r 3 volsd by zi nc

Cor e/ shel | “gt@{ AUNEST VES Ol L e T Tvert| om v

- i
coating fornulation own in Tablle 6 and [
The adhesi Vem&cémﬂ%mt e T or [SYRIRTE 9510t |a¥(107| ? )i‘ ng

and 15 adhesion to steel, and the droperties are shown

-19 - Tribocharge on Stainless S[dHBhEO% RHAdJH&8 voles P60y valts Qﬂﬂ&ﬂﬁl rl2@ﬂ$'olts
Exanpl e No. - 5 6 Z S A _lDeiaonized
Vater - Tribogfprge on Boagd) 130q 2 volts spd-5 velts || Bivalttin| APAVels fie
9.5 9.5 TS F=5—TC PO S ST U PSSt ate =6

5.0 5.0 5.0 D Dei oni zed \Wat er : 1135 1135
333 1135 A test sample of an adhesive of the invention having the formulation described

as Example 3 was prepared on biaxially oriented polypropylene (BOPP), giving the
5  results shown in Table 4. This tape also exhibited desired antistatic properties.

TABLE 4 - Adhesive Tape Properties on BOPP

Test Sample 3

Adhesion (Newtons/100mm) 14.4

Surface Resistance at 10% RH 52x 10’

Tribocharge on Stainless Steel at 10% RH 15 volts
Examples 5-8

Core/shell latex adhesives of the invention were prepared, according to the
method previously described, using compositions shown in Table 5. The pH was then
10  adjusted, optional ingredients and water added to form coating formulations shown in
Table 6 and coated onto a primed Surlyn® 1652 film to .provide adhesive tapes of the
invention. Surlyn® 1652, an ionomer, is an ethylene acid copolymer film available
from DuPont, in which the acid groups are partially neutralized by zinc.
The adhesive tapes were then tested for surface resistivity, tribocharging and

15  adhesion to steel, and the properties are shown in Table 7.
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5{|0THIS SHEEF.HAS BEEN || 5. 0 5.0 F  Butyl
35 REPLAQED 385 G RET898/00539
25 75 . * 100 H Methacrylic-Acid
1380
0 150
A 45
SAMEz‘fPPé@ 0. 150 35 150 6 150 8150 | M
B ULT dt 1. U
@L&M@éwﬁ Coatilng Enr nuliat i r{?rq'i Fm11|39| er Forml atf on
Lithtum Hydroxid€x. 8 Adhesijve $.partls) 9.5 9.5 100
NFTfFatg £ pantrs) 8 -
; 9 RS (L S0P | S | soy
yBr dDalenig@bWaty 0. 3135 015 3333 | 1139. 3'% .
—O7 007 107 8—6+—DBetpni ze
E Slp°%® DS-1 10 50719 50 1038%r cént %QI i
F |ButpOAdrylate 50.7 pHa60 | 435 410 385 /.
G | Methyl Mitacgtae T | P55 175750 75 50|. 100
H | Methacrylic Acid 15 15 .15 15
B TABHEF Adhasre—Tape—R-opertl es
I | Butyl Acrylate 1380 1305 1230 1155
J | Methy! Methacrylate 75 150 225 300
K | Methacrylic Acid 45 45 45 - 45
L | Mazon "SAM 211-80" 150 150 150 150
M | Potassium Persulfate 1.0 1.0 1.0 1.0
TABLE 6 - Core/Shell Adhesive Coating Formulations
- || Emulsion Formulation Ex. 5 Ex. 6 Ex.7 Ex. 8
Adhesive (parts) - 100 100 100 100
Lithium Nitrate (parts) 1.8 1.8 1.8 . 1.8
Lithium Hydroxide (parts) 0.1 0.1 0.1 0.1
Ammonium Hydroxide (parts) 0.3 0.3 0.3 0.3
XAMA®-7 (parts) 0.07 0.07 0.07 0.07
Deionized Water (parts) 10 10 10 10
Percent Solids 50.7 50.7 50.7 50.7
pH 7.7 8.0 7.7 7.8
Viscosity, cps 38 45 45 72



Property Exanple 5 Exanple 6 Exanmple 7 _Ex le 8
Total Thi cRh2E¥Y% ) 2.32 2.30 2.4 PCE/USRS/00539
Fil m Thi ckness (m ) 2.0 2.0. 2.0 2.0

0.35

Adhesi ve Thi ckness (ml) . 0. . 0.4 . :
Adhesi on to Steel ABL%73 esive Ta esPo rties (Surlyn FIm 1 §

Newt ons/ 100 AOTTEST On StTT GO 0
E). 91 O.WgEProperty ( Newt ons/ Eéﬁ le’s"| Example 8y rE’ﬁ'@'@P ‘R@ i Bxample §
6.3 x 10[err : : 1.b x Q[er x 1Q[er '
(ohm sq)[at ]55 Tgta?mmﬂl%?(rﬁq) ' h Qc ar%is (\/rﬂtq% é N ‘T413 235,

2 1 | Film Thlcknssga(nnbss St pel B0 55P6 Ri4.0 2.0Tri hocharge |
(volts) from ﬁ ’é 2 - Sl con
Vafer at 55% RpAdhesive Thickgess(milirei sP3%ity] 03 7.|3 xO0d0[edr] 0351 A
10[err] 2.0x KGlREdidn to Sfeef 10[erfl 49 GognT 99) 3% 1010 RA) g
Tri bochar ge (V)kﬁ%@%m) 80 8 5 Jl

St ai nl ess St eel ‘3 2 Tribocharge (voltls) from
4 3 | Adhesion to Silfcon Sglgocon) Vaigo at] 1 ép RH| 083 -
Conpar ati ve Ex amévasnm) and Exjanples 12+ 14 he | at ex _
adhesi ve conpopt+tt+of—ef—bEarple—6—(+r—Fable-5—was—+ade+ntotla— _vdriety

of coating for Tﬁl‘fzﬁ%qe&Félslﬁg‘/Waryl ng 16X ARD U230t 107 {|hi G K {, 12.x107
lithium 5 n (qhat/@q)apiﬁé&i and {t he surf ce resi stlvities and
' ' at Tambe—sgerm—nore|t han

tri bochargi ng s are _
1.6 parts per §8 (E) g g;ﬁggg vie 1's . 7prow de g’ood
antistatic propefi® Steehiat & Wi | | varyl somewhat| with the¢ pol yner

sel ection, and $Qg&|hfag,gg ditshirbm sal t. lghe ata jsn Tgble,§ TsTal so7f conyeyed
visually in t he drangtic i nprgvenent if surface
resisti zi ty af Silich Wa%ria.t%%\m lithiumsalt anmount is reat¢hed
-21- Surface Resistivity 73x1010 | 1.1x1010 | 20x109 | 22x109
(ohm/sq) at 10% RH
Tribocharge (volts) from 80 8 5 4
Stainless Steel at 55% RH
Tribocharge (volts) from 8 4 3 3
Silicon Wafer at 10 % RH

Comparative Examples C9-C11 and Examples 12-14

The latex adhesive composition of Example 6 (in Table 5) was made into a
variety of coating formulations by varying the amount of lithium salt, e.g., lithium
5  nitrate, present and the surface resistivities and tribocharging results are shown in
Table 8; as can be seen, more than 1.6 parts per 100 pafts of adhesive is required to
provide good antistatic properties. This level will vary somewhat with the polymer
selection, and specific lithium salt. The data in Table 8 is also conveyed visually in -
Figure 1 to show the dramatic improvement in surface resistivity after the minimum

10  lithium salt amount is reached.
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TABLE 8 - Properties as a Func el

Wi ght = - - WO 98/36085Sur f ace ’ﬂ TR R @%g grggk’ Adhesi ourctl‘ms&/eﬂsbs’

Per cent age Resi sti vi ty| Lvyolts I Newt ons/ 100mm

LithiumN trate (ohns/sq) at 10% Stainl ess Steel at

RH ' lo%AE!BLE 8 - ProperfiéS as a Function 6f Bithium Nitrate Additio8 x 10[ err]
1800 10C 0 72 1.0 x 10[err]
1200 Ex. 9.Welght 1 Burface 1 To{Bocharge Adhesfon & Stesi( er r ]
1000 Pefentage 1 Resistivity . 43volts) from Ne@togs/’FO(ﬂtQﬁ rr]
98 Litftum Nitrate i@xms/sq) at 10% 1. StBinless Steel at .1 x 10[erjr]

8 : 5.2 i RH 2. 47 10% RH 60X | O[ errf]

5 19 ptigularly the chlanges
in tribochar ji Hg associoéﬁed with 13X1¢9 anges in1888ctivd ol i gdder
concentratio b“ fre—t aehpstie “013;533: T Rehyer 79'3'*

m cr odr ops, r]l phls ca ef‘)We il f]OQFflln corpomt?gpl Addltlon ?f

MBOG and/ or [|VRFpn| SAM provide B DEMET T ipop Tam gadrtqt RN50.
TABLE 9 - Ef ggt@ of Reg?t?l ve O |gosrgrge?gbon A1t|sta;0|2 Pr opertlegg Ex.
Lat ex Conmpos|tipn 1.43 Surfag e 188si s{tivitgg Tribdcharge 4 voltyg)

@ 10% RH _friom Stajnless Eteel BA__HEA| M 90G RN5(
SAMR11 (opn¥¥sgg.) 1.78 QAYxAY 158 80 20 52 3

- - 4. 3x 1nrnrr'| o} 16 1 80 20

; 3 14 | 247 3 6x1@Pé<r1rq 5101 i? 80| 20
3 - 2 A=ty S +dbl e

10 shows that control of electrostatic charge generatlon by adhesive 10

tapes of the '”VGTEBIQ@shEWk rbicfiar ?ftﬁeeéﬂah iSRS didEd WithJOMmer 1S
P I yrrerl ze

present in the core sheII mcrodrops as when it
is present td:hang@*mnutadtﬂve ohgomergmlnyemratmnm tiiedatexi ndiesivecogipositionn Tabl e 9.

Tapes havin con5| stently low, .. tri bochargl ng properties can be produced
with rel egt i vie? ymleb‘ﬁF‘f qu%qlrQPﬁ’ ﬂ'ys FASE Mvere um formmiE spmpesition. Addition of

M90G and/or Mazon SAM 211 provide greater benefits than addition of RN50.

TABLE 9 - Effect of Reactive Oligomers on Antistatic Properties

Ex. Latex Composition Surface Resisitivity | Tribocharge (volts)
@ 10% RH from Stainless Steel
BA | HEA | M-90G | RN50 [ SAM211 Q 10% RH
15| 80 20 3 - - 4.3 x 10" 8
16 | 80 | 20 - 3 - 3.6 x 10 101
17 | 80 20 3 - 2 4.5x 10" 12

Table 10 shows that control of electrostatic charge generation by adhesive
10  tapes of the invention is just as effective when ti1e reactive oligomer is present in the
shell of core/shell polymerized microdrbps as when it is present throughout the
polymerized microdrop, as shown in Table 9. Tapes having consistently low
tribocharging properties can be produced with relatively low to relatively high
adhesions.
15
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An latex antistatic adhesive according to claim 1 further comprising a

polar monomer selected from the group consisting of N-vinyl-2-pyrrolidone, N-vinyl

caprolactam, acrylonitrile, vinyl acrylate, and diallyl phthalate, acrylic acid, methacrylic

alkyl acrylates, cyanoalkyl acrylates, acrylamides, and

substituted acrylamides, sodium styrene sulfonate, sodium vinyl sulfonate, and mixtures

A latex antistatic adhesive according to claim 1 wherein said reactive

oligomer is selected from the group consisting of (meth)acrylate terminated polyethylene

oxide, methoxy polyethylene oxide methacrylate, butoxy polyethylene oxide

terminated polyethylene oxide, (meth)acrylate terminated

 polyethylene glycol, methoxy polyethylene glycol methacrylate, butoxy polyethylene

glycol methacrylate, p-vinylbenzy! terminated polyethylene glycol, polyethylene oxide

15 3.
acid, itaconic acid, hydroxy
20  thereof.
4,
methacrylate, p-vinylbenzyl
25
di(meth)acrylate, alkylene p
combinations thereof.
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acryl ate, &by ﬂmc;énwdfhmﬁsypdymgyeﬂmraj{kylaﬁrey betlt‘aes peiydlewhylene
acryl ate, xtures thereof A latex antistatic
adhesi ve aéﬁ‘dhg;eﬁgl ‘?tgercﬁu&ﬂ?f and @Pﬂ‘ﬁgfu"é&ﬁﬁs: sing a pol ar monomer

selected fromthe group consisting of N-vinyl-2-pyrrolidone, Nvinyl

caprol actam acryl oni | e, .and di.a ht.hal at i c aci
n‘etp h acrdl i (r:n aci éy Eﬂg antistatic adhesnye acgordmg to c?axml ¥ er compr(ijsmg a

acryl em degomo 5 Sgﬁ%gtﬁﬁ %%eggkﬁqf&ﬁﬁﬁlaéé}ﬂﬁ t %%%88%2?&@?%% gf%ﬁ]on’at

sodi um vi npblysuyéthylehealkghphefibXithire and bGllyeﬁfethylene/polyoxypropylene]bTIock A | at ex
antistatic adhesive according to claim10 wherein sald reactive

ol i goner i sop@dymersed from the group consisting of (meth)acrylate term nated
pol yet hyl ene 5 oxi de, mnet hoxy pol yet hyl ene oxi de net hacryl ate, butoxy
pol yet hyl ene oxi_de met hacryl ate, p-vinyl benzyl term nated

pol yet hyl ene oxilde, (Aviaten antistatia pdhaspierAcaondits to claim Ihkarsiatsaid léhélf@ saltsol |

o PO e B LR o, DA RS YRS 0p 6V
oxi de di (neth)acryl ate, al kyl ene pol yal koxy sul fate, alkyl ene

pol yal koxy et hagol andilf ,nifzQHPL @ﬁési\%%celjaﬁ{\getg cgﬂ]m 1 wherein a ma qqt%éf ? o'rA\

wat er resistant, antistatic pressure sensati esive tape S

use in m cpolryaturizemmmdmp@me%z&smﬁafﬁm: diffeging ih tenpiitors b dnadverlfaig NY
two maj or urfaces_ beari ng a_| atex adhesive according to claim1l.
shell that substantlally surrounds said inner core, wherein the core has a glass transition

temperature of from -120°C to 25°C, and said overlying shell includes means to subdue
15 sta;:ic charge, said inner core and overlying shell being derived from compositions
formed from reactive monomers including at least one alkyl (meth)acrylate ester
monomer,
said latex further comprising from 0.5 to 20 weight percent of a reactive

oligomer.

20 9. A latex antistatic adhesive according to claim 8 wherein said alkyl (meth)
acrylate ester monomer is selected from the group. coﬁsisting of isooctyl acrylate, 4-
methyl-2-pentyl acrylate, 2-methylbuty! acrylate, isoamy! acrylate, sec-butyl acrylate, n-
butyl acrylate, 2-ethylhexyl acrylate, isodecyl methacrylate, isononyl acrylate, isodecyl '

acrylate, and mixtures thereof,

25 10. A latex antistatic adhesive according to claim 8 further comprising a polar
monomer selected from the group consisting of N-vinyl-2-pyrrolidone, N-vinyl

caprolactam, acrylonitrile, and diallyl phthalate, acrylic acid, methacrylic acid, itaconic

141 AR
IThis Sheet Has Been Replacec

AITWERO




4 . . -

An a ape accor to—etai-m-t2haying a prinmer |nterposed15
bet ween salg‘épgwq%@%st one SU'fEthé %E&Ts-msisagh ive, said prEGEPSISO0FY L
sel ected fromthe group consRERIATEDS acrj lonitril e-butadi ene, :

oY e bk DS RR A BB AruAes oryraHes g oubiuted

pol ychl or opireRides, sodinPStytbit RibosRE, sngJnY'v Pﬁlﬂﬂﬁm , and mixtures thereof.

styrene-i soprene- sfyrene acryl onitrile- ene an copolyners of
epi chl orohydrin with substituted phenols. 14. An
antistatic pressure SeRfixidnfeaAcRaRENE abaRein g%eraﬁh'lwlﬁr&heélﬁ‘réa%nve
wherein said flexible substrate is selected Tromthe group consisting of
bi axi al 'y dngcnmreal Selected ﬁ‘pml tilpmlwmst@ﬂmﬁﬂhc@%mﬂn%ﬂ@elyeﬂgﬂml nyl
chl ori est t\ﬂef Z g t esopht hel ate, pol yetherim de
and i ogrre )g_ , met oxy p en¢ oxide methacrylate, butoxy polyethylene oxide -
26 -

methacrylate, p-vinylbenzyl terminated polyethylene oxide, (meth)acrylate termninated
polyethylene glycol, methoxy polyethylene glycol methacrylate, butoxy polyethylene
glycol methacrylate, p-vinylbenzyl terminated polyethylene glycol, polyethylene oxide
di(meth)acrylate, alkylene polyalkoxy sulfate, alkylene polyalkoxy ethanol and

10 combinations thereof,

12. A water resistant, antistatic pressure-sensitive adhesive tape suitable for
use in microfabrication processes comprising a flexible substrate having two major

surfaces bearing a latex adhesive according to claim 1.

13.  An adhesive tape according to claim 12 having a primer interposed
15 be@een said at least one surface and said adhesive, said primer being selected from the
group consisting of acrylonitrile-butadiene, acrylonitrile-butadiene-styrene copolymers,
styrene-butadiene-styrene, styrene-ethylene butylene-styrene, polychloroprene,
polybutadiene, polyisoprene, styrene-isoprene-styrene acrylonitrile-butadiene and

copolymers of epichlorohydrin with substituted phenols..

20 14.  An antistatic pressure sensitive adhesive tape according to claim 13
wherein said flexible substrate is selected from the ‘group consisting of biaxially oriented
polypropylene, polyvinylidene chloride, polyvinyl chloride, polyesters, polyethylene
terephthalate, polyetherimide and ionomers.
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