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WD 2004/ 108852 PCT/ US2004/ 010350 THERVAL | NTERFACE

MATERI ALS AND METHOD OF MAKI NG THERMAL | NTERFACE
WORMERISRES Background 5 Integrated circuits, PE@rUB2004/010350

and passive conponents, optical disk drives, and the

| i ke generate heat under use conditions that nust be

di ffused to arIHERMAﬂnIIN’ﬂEREAGEMATERMLS AND

heat - gene

finned HedH & '

heat pi pes are cormonly attached to t hese

heat - generating conponents to all ow excess heat to be

conduct ed away and radi at Backignoundt he at nosphere. 10

bet S&ékﬁréﬁ‘ aﬁi&gf agﬁ}ﬁ%?tgf Va:siglvg g?fﬁ%‘t}fgﬁgssolf’%ﬁgdlﬁg gflves and the like

gefibratesdataddes REcCamaltona Rt KNOVEe diffBed tohllbR %@ﬁtmuous use of the
materials are based on rﬂgl masses, liquid to solid

hephaensrasingsgBpeRsRbo Hisalssinkgrie thecform of fipeetbmetabblopissanddigat
soBAU3L A e FLEAPECLRE, MR DcErl ARTRL e

conqmaﬁth Yo alldveexteld heacortduohdweed@myor indl radiard gitp oliddthidgphere.
adhesi ves_ have been introduced. These thermally

Maispialks s6¢tobion grrviding 2 thermal biidgedgpyecaithyheag sweaeﬁmg components

anf HENMB OB REL RO L VSRS pERRS! AlENG: SRTRONAN ool

massesyfignig to solicephuise elthngBodmphesds - gredsey, @ edds(thaxtmtm Ibt)

and p ure Sltl adhesi ves have bee
o han Aty 5 HBrd bbb S dndsetbSeliny o abomentaniient Halsfeat
sptdageimal 20 interface materials need to be thermally
enhanced (compared with unfilled or lightly filled
poI yivfere recanply stheinaily)condectite mﬁ@:aémmbdny»osmag ladheatves have been
1nt6? u\éc%}i.r gﬁésgt %a }lfJ Eﬁenstwggeat g&gg Er%;& t'yplgt?jg)p fS %rr]ltan adhesive
bob hEadEa Bhehean %amraﬁtng cBf@uhele an@BOM sk HeaCdprdadet soatitno
between the substrates. Thermal interface materials

mechAnigel PEBpIAE Erepyire Rt Bpatwetikapihormekbend preprate segsitive
adgEﬁﬁ%%aké bEHnSRES § eﬂgrrﬁﬂﬁ%ﬁh& ivE QBEEL V £ RREASLE 'ﬁ%\;ve tfirmal

OW Vi Scosity materia as a nononer or
inerfhecmb@rialseeghto ipahyrmedly eﬁbiricedv&dm’qwthmhmnﬁlmlt ordightly filled
nd/ or curj ngs and/ or crag | i nki n of the nonone

PGS L RIS GRS s fensigh ablq;%tr ﬁ%ergperﬁgres (lileat generating
coRRhémabie oy 565669 %?gh@ﬁsaﬁﬂ ibD8Sft RAEBAMbIRhbId\&IoWBA Y/ provide

conductive electrical Iy insulating pressure sensitive
goadltestiacie®r ebyutb beimemthetsibsiradst y conducti ve,

ﬁL (r?] S#T}gpg é@/ff%n syl f‘ 88%%?% 8% Brelpﬁreg 0% grntulng%ee 8FkdotSh methods. One

m&hed BRE4pEIRId thethAYTdeRductide pagridden b ey msliééﬂt@%atenal such as a
coati ng t he compositi on between two silicone-rel ease

menqmar Y 14w ppdcculas iwgighh pelopsr e wed bigpelimetzriion sgdios cering
anflfof %?&El?nl&fé]@f thé Xl%ngrﬂ egij 4% mbEfar mgﬁtrb%ﬁyrﬂgrt hag exanjfple EP

Publication No. 0566093 describes preparing thermally conductive electrically insulating

pressure sensitive adhesives by blending thermally conductive, electrically insulating
particles in reactive monomers and/or oligomers or in a partially photopolymerized syrup,
degassing the mixture, coating the composition between two silicone-release treated films,

and photopolymerizing the coating to a pressure sensitive adhesive state. Another method
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WD 2004/ 108852 PCT/ US2004/ 010350 is the addition of
| ow nol ecul ar wei ght conponents to high nol ecul ar
wowioghossspnmponents to provide a suitabl e vi SCBET/UF2000010350
assi st incorporation of the thermally conductive
particles. Yet another nmethod is the use of a hot
is @'aﬁdiﬁ%ﬂb?ﬁlv@g%%uﬁ?%&ﬁt EoRporAe 16 hassholBKilAGNEYht deSiponents
of actinic radiation. I'nitial attenpts with rel atl\/eIB/ :
to browiderd suitabiessschsity msslstmrﬁor@@@mgﬁhﬁ thsrmalleqndyctyys particles.

attain good.el evat ed. t.enper at E ki
v biBRod By Breiha il ek oHfeDiTare ooy TR Resglinking by
usDBY St RCaRE oR NI aB8Eplsivith elativalyilawinslar messdiot inel PSA
mul tifunctional, small nolecules to inprove the
composisibnnfeiledtosatisin saveedevated temperaiEnsheanprformanese Nupsequent
._have been sugges ' 1 iation
bR EmPaEap SO BREAR pER A RGNS 61 A op of
seR@fivainigiunasbiantsagH snaéculaquiimproye thd drogsliskin@ step. Several
rocessi ng steps and/or multipl e copmponent
ditfereplosnall Baksculghhaik bserisyegego modestyJatproye elevated temperature
shrF]B‘rb%h%@B&’rLJen glféer}nétﬂ&?s BRELEEA dRAGvant LS 6f le§uidinfeadtiple
orrework "and/or repair, such as for exanple,
prodeseiafsigs anl/ad muitiplemonpanenttcompopitiasyravhihsgiday operakd cost of
(PDP). .In these applications, a thermally conductive
mFPHESYRE i nterface article with an easily renovabl e
att %Qgﬁﬁtapéﬁca‘ﬁﬁﬁ&%re gUCkedJoredofieimorepLa 8@ & for example,
attachnment “System woul d be beneficial. Consequent|y,
attathing ad eBimiabihdrame torapkse dsplrypins! (RIR) 1o these ppRlications, a
nmet hod for the. . manufa re.of t.he I CoRdpets
th i C\‘/’Bg‘i“ﬁ]tvs ARl éveéP&eﬁI%%easm glﬁ a‘{{ 1%%{/‘%52% Ceptabl & dEhment
sylsR81, Bidh HANGHEdnl ichytbld ditatlmanisysiemsisudbe bemefioiabvi de
the foregoing thermally conductive articles. in aLEf(ij%e th
r et aF oteguentid/ Gis desErle fPpoV K 8UBPIE of St FIiEH VB netagd for the
Sumar | i i | ' & acceptable
PRt ey PRl At P AP A BT S acceptable
the@n@icbadurtivitheliss sips defrablead pprvidd the faegoipdihprraaliccaguctive

melt pressure sensjtive adhesive havi a 25 nunber

arkiglep Hg%flme@é@ﬁnéﬁn% et re&aaeafwwﬁﬁw- 25, 000; (b)
nmel t-bl ending the polyner with at |east 25 wei ght
percent of a thermally conductive filler to forma
m xture; and (c) form ng tBpmMaXYure of hot nelt

pressure sensitive adhesi v. r i

Pl T By O S @Uﬁnnpfg%@tﬂ?@%ﬁé@?ﬁ?{‘*ﬁ"‘}%ﬁ@ﬁ%ﬁﬁ? Sftace
nﬁ&){iﬁé&ﬁ@%ﬁnﬂhﬁ@fe&ﬁﬁ:t he steps of: providing a fire

retardant and/or mcrofiber formng materi al ; ancﬂ or

-2 (@) providing a polymeric hot melt pressure sensitive adhesive having a

number average molecular weight of greater than 25,000;

(b) melt-blending the polymer with at least 25 weight percent of a thermally
conductive filler to form a mixture; and

(c) forming the mixture of hot melt pressure sensitive adhesive and thermally
conductive filler as a film.

In another aspect, the invention may further comprise the steps of:

providing a fire retardant and/or microfiber forming material; and/or
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WD 2004/ 108852 PCT/ US2004/ 010350 irradiating the film

W th gamma or el ectron beam (E-beam radiation or a
w@ooobitosas:i on of both to forma thermal interfaP€r/us2004/010350

material. In another aspect, the invention provides a

thermal interface material conprising a film

L
s enS| %c?é\l}g}%ggﬁﬁ i3 %ﬁ&l W EEdifonRhm B Beatl) @£HAMI0R o 2

eS|ve aving a 5 nunber average nol ecul ar
combir@ﬁbn ofbcghaafoemztthamaiﬁxt@mememl | east 25 percent

f th [ t l. :
1 e e TR bl
filfn @ Riv1RL & np%lylﬁéiﬂ: 150d Reltagrédsatel senditieeadhbsive having a

Cros i ng agent In anot her as ect the inventi

numbemMeamlh@ﬂammlghﬁ@ Rraates thipat 25,009 and Jedst ZSSHeFC@pEﬂy weight
of E}}eelgﬁgﬁ%? F v tﬁﬂ? 8%} tﬁ% ﬂﬂ]_algs érbésﬁhﬁ%ﬂsﬁnﬁ%@free of added

pressuré sensiti
fre%%tﬁéél\lﬁuﬂl@)@ Bed s’hb@téﬁbﬂ[ facesfagessiinkiag agauts. V\EI ght of

greater than 25,000 and at | east 25 perce i ght
of tihenothed %SP%C@#&@:&VW@WIPFPV@FS a e Hieffgfff fpat dottal fving

strsﬁppgﬁ?zgsg% 0 C%Q?%l’ﬂ%ﬁgllng i 1 Qmpftls ?r%{d lﬂeﬁﬂ &1 iy A&iShot melt

rection material. In
r@s@@z‘eh@ﬁsﬂ@mlam«ﬂhavmglenumbﬁmvemlge m@wubae veight oé gigater than

25;({5@%;;13? }%@sr{‘;”.%gqrelg?%t [ w%ﬁg(ﬁf;t}:l tcoﬁ@qhvg Ifliﬁ] L l%lbstam;lally

: RAYd RtrSEBBeEnt@VRradmatihe iddion of the
co&@ﬁ%ﬁﬁsﬁoé?ﬂfgﬁgp&{ﬁan 25, 60(1) and ant | east 25 percent

mityrizei ght of thermally conductive fi I ler, and (b) a
th | t Ki dh
th:rlgfiapi;reﬁe@rﬁ (? ninlgx\i\tte B}Seéllgxpeélﬁan §gov\{c?e gtes 12 ﬂ{tir?a%@ hedrii

o'nﬂ;}fﬁﬁ{g' @Na Wirh koRBriaRPabRA of polyhRsie hpt melt Ipcasmge ser@fivieradhesive
e art upon consideration of the Detali

haamg § ok hecragpBeised Ao IS D00 B gricat 25 Percent
L %E%,(%F aﬁg%ﬁ%&cﬁv& é, Q d g:v?%qaérﬁﬁHQ LBMAREvS Eléziﬁ\"aﬂl%swe

ce nma erla I hvent i on.

la érgl‘fetﬁ&leatbﬂleaﬁlﬁer spective draw ng showi ng a second
hermal interface materi al

3,1 ' ..
dr avPHgr BRies 3dradympges of F@GB"%&‘E’B Yy gﬁﬁ e i ﬁﬁ i éé Placticing
in atg%] 5‘1]t 1 ArRRer At ht&f f’hetﬁ@&f@l aschpietigdd e Sid a[ppended claims.

eS| ayer. |gure I's a schematic drawi ng of an
extru5|on processor for preparing articles according

Lo the pvemon S0, NGl A BRI o o aram
Exanpiogi 1 153 pRpeOSA d8A23nHASReHH iie3md material of the
invention.
Figure 2 is a perspective drawing showing a second thermal interface material.
Figure 3 is a perspective drawing of a thermal interface material featuring a film
combined with a thermally conductive skin adhesive layer.
Figure 4 is a schematic drawing of an extrusion processor for preparing articles
according to the invention.
Figure 5 is a schematic diagram of the thin-heater test apparatus used in the

Examples.
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Figure 6 is a plot of thermal inpedance (Zcorr.)

versus thickness (t) used to cal culate bul k t her nmal
wa@oeovdaesssyity in the Exanples. Detail ed DescrpP@r/usmod010350

Certain terns are used herein in describing the

preferred enbodi nents of the invention. Al such

ter N ' erdhis 3hiBRBIS(t) used to

conargiEBs %’?ngﬂ’g‘frﬁd@ﬁgg‘é%@%? Ct%%‘g’gé e The
caRlate Bi0K (HORNIQNGNER ity BY thedkaafpl@xanpl e and not

[imtation, the follow ng nmeanings are set forth:

"Fire retardant” refers to a substance that when

applied to or incorpor Etﬁﬁed"ﬂe&"r' i8n 10 conbustible

material, reduces or é@rnrnarésiﬁ%é“tendency of the

mat erdraln fefiné gBnb&l lnonelh o desceitlingabe preferted madediments of the
_continue burning once ignited when $x osed to hez%t ith thei
inYensie. Allsuelteams pepigaded pdrdpietarged Hib? BRBE APy ortan™ et

j i M tcBhi ' o e 4ddnot limitation,

m%%ﬁ%%%%ﬁ*%%ﬁf%%%ﬁ%ﬁﬁ%%%?%srMe

thefulfoadey akamingsatre saiffor® centimeters/ m nute and at an
angl e of 45 or ss, the articl

: ., e .det aches, fr -
subs FrEaent qPlesch abgise TEIIAGORS gt Sppeccd withina
cotﬁ{?ealk‘@tgle M atotiap Dhfees 8541FMBaeS tHehEnRHEP b1 1BE enafirialviieignite and/or

article I's used between two (igi d 'substrates, the
reduces tlegendenpytd @atiandbwhivggacetsnied shemeeposed toggpat or flame.

centj rs/ m put nd at _an I . . .
e BRSSP ek B
wikdn th SHRIeis pRBETARI déhgated!| feas b sobstratf sukfaee atiagiats of 30

substrates. "Substantiall %" conti nuous" refers to a
cenfietsfs/ipamute ek atjan apglp bR e less, e arade detaghsy fromppsypsigate

cmin.the nmachi ne di.rectio " i "
sofpe Pip e Bt RS Rl BRI g Aot o when
the AMRIY is WBed Btwhk@VloTi0l shtsaates taa afticle, is Quldd andrelngd®d at a rate

percent by weight, based on the weight of the . .
offf) qentimeterdAminuteednd g5 e gugle of Seasiess, &@ ple dptpehes Frighout leaving

i.nvention provides. the ' C e I Ms
» BN GEr TRRH BRRer Ay IREoRES PHE Bblmcsy 2)
and esypelaniiEly donhftoudtldferpite s suicrefibanbatis vebraki¢refor aeleast about

substantially free or free of oligomers or |ow
0.frsheiaghamagking Areqsi®Py mer s, ot her than residual s

kd ] . | - - . .
resu bﬁ%nn%gm&a U th %D%F%P%t thd s ;Er?%nt (i SratMioS thesnvention

25,0 aver age ar weig o
atNeteds bF 1bsst tithra@.1 y0.69rcdl@,08qregaeni by welght esedaandhel weigh of the
radical initiators, and gr ossl i nki ng agents, such as

PORYIETiE Hﬂtc‘P?IBHT&FS_“E? TOSIVRAR I?'Fﬁlvﬁ_gent s and triazines.

TI M 1805 REnti prbMUEIHhERk] GRBifAlemAtesas [TIdML) @b@ptisibg adlend of

3, 2, or 1 percent void volune as determ ned, by the
thessallyetnidodivedler abbal polametin hoveicl prespury sengitiis|adhesive
sgg%éﬁ%%g%%ezbgrl }(%%%gaallzl}eﬁ%g 2%8 Gldidcula¥ Weﬁg‘ht mymers, other than
residuals resulting from polymerization of the PSA, (that is, < 25,000 number average
molecular weight), N-tert-butylacrylamide, organic solvent, added free radical initiators,
and crosslinking agents, such as multifunctional crosslinking agents and triazines. TIMs
of the invention contain less than about 5, 4, 3, 2, or 1 percent void volume as determined
by the test method described herein. Voids or void volume decreases bulk thermal

conductivity.
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The desired characteristics of a TIMaccording to the
i nvention include one or nore of the follow ng: (1)
wheok/108862 mal conductivity of at | east about OPGI/US2004/010350
Watts/neter-K; (2) Shore A hardness |ess than about
60; (3) static shear strength at 22 C or 70 C of at
| ea RsifteeMbedrdifs telle ageatich 1iglude one or
the%hg?{%ﬁ%(%%@?@éﬁéﬂé%sﬁf&d befﬂca))w, and (4) when_the
mdit M derfollowing: (1) bubdherstal conduetivity pleatdeast shout @asWY pigs/meter-K;

b k st t t | { 9 oy el~gh o
LSRR a5t s et RO5E B S B G f b °C of a
1e A0 MWBut 18000amiAnes WhsStettb@accdbditg tdDYrdseapitedy dedctibed below;

bei ng el ongated 100% and when the TIM conprjses
and|(4swhen th G dopmrises Yisroelpstie Figrotihers| tb%@a@f%%@@% Urgpgth of at

{ han 0%. . . 0
e BR350FOR B e B M R, By o
ZUOZ&E, ahd llef%@ﬂiah ragaw_oadieeiw@ agtid:ﬂ bﬁimgﬂﬂfmgatetdhlé)oﬁqat zmgllrm]hen the TIM

thermal |y conductive skin adhesive layer(s) appli
comprispeelaticraeRtonn, (g M ORI DEReron aﬁ&g&%% and

' | 1% 991V 86:8rising th

SRR CPPL S5 SR BUSL 0 S s o
codBhhds, adhesiveofilireandéortbeloptiomibtheynabt condudiyg s esive layer(s)

0.176 kNNm_ or greater.than abqut 0. 352 kN m. The ..
waplig e e AERE apresbiedie EEve Pigd Aumide) va Safigd o2

' | ' hésidkP 6F tha S50 6.04B8 &SWha oz/in), in
pd\f\l/gll’téﬁ? ASPY’S% {:tggreafaﬁanlﬁ?o 0; in other enbodi ment gz tfl;l,
othermdmetrodimeres, gyetarthascabont 0.6 NI ggpaierithan abeyh0.352 KN/m.

100,000, .a nu r_aver ; [ f ;

g L A
nFhRR beErabdAB140@: RORh( sBgredtef thawds,000;inbthedembodiments, a number

Physi cal Pol yner Sci ence, Chapter 1, gage 6, L. H ol of
avgprge|molgcularSBHENS.of iratgs oy 19P,009henyyBbsrRYPTRES MLCoH preight o

L &P Ul R | - £:4:02400,000

o7 070005 RS BNl il g hamoon
ddtitkb et mrodhetiinao®hgsical tPoymerficasiceClpptey Ur pagednbs H. Sperling

h | astj . pol y- al pha- ol ef.i |
ISEN Or SO0 S enaroives HOSPSR Bie o e B i ybe
se?é(}?ed‘%ﬁ%y }sk RSP BPPNYRESe nftRdials; QNN RaHIRAS chbtohless,

egoing. " I'n general, any hot nelt processable
therressantie pobvsséthings, thetoplasdc eloptposs: Peliilpfiagoletys polymers,

suj table. The.optional thernall ' esi
st pappemand AR e SR WO R PRt mers, and
cdAbinSXHIRI the PRIBInec adhesi ve, pol y-al pha-ol efin

adhesi ve, a rubber based adhesive, a,sili%one e

adhel geverad apy datmek PrassHeblerRisse AL YaAdngHYe GURRASitons are

adhesive, . , .
SRR o SRS LGRSt bl hEpbe Rt s
adlifdive agiich e tiedexatipss hyrglic ddisesivel polzpntpherol¢fineadhesiverraiubber

thermal |y conductiyve 30 hesi ve | ayer be pr,ovi ded .
baged jgdhaseioy  gligpne WheUY ke of Tl PAtYE ggxﬁb‘_f r‘ﬁ%‘ﬂl_c adhesive,
atd g&ﬁgihgﬁiﬁ redte Eﬁl@e‘évié ) HeGtBRAM AErally REARRVE adfdhTve Xayer

and orirented 1n the nmachine direction of the film ,
niay@eai ieat-bdimatet adinsivee e ifipeand/an ghesoptionaliheraadlysenductive

a ﬁeglp\)/%rlztt}lfe? ?naty%etplggviae% with individual, substantially continuous polymeric

microfibers dispersed in the polymeric adhesive matrix and oriented in the machine

direction of the film therein, the microfibers imparting stretch release properties to the

-5-
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WD 2004/ 108852 PCT/ US2004/ 010350 article. In
addition, the filmand/or optional thermally
wa@oeovduesssye adhesive |ayer may conprise a fi rBCT/US2004/010350
retardant. One exanple of a TIMaccording to the
invention is shown in Figure 1. TIM 10 conprises a
artid1d. Mnlhd ?fbg ﬁ)@sﬁlﬁ’: efnﬁfoﬂ) oA afeemdidy sdiduaireci@edve layer may
surfiace (not shown) opp05|te 5 the first surface 12.
coﬁ@u&rdﬁngnumdmhe invention, at |east one thermally

conductive fil 4 is intersper
pol gl UM fererink BB PR AR isglOQAT By, v 10
coﬁ?ﬁ es PHIST 1 hAVBAsS MBChefacs 12 Hed dE@sndayrfdve (mﬁpshowd) apposite
fixed to the first surface 12 of the film
thafsosirface 4. dichendingsy éhﬁslnwntlﬂﬂr #ideast aae (ierpal }eré’nducﬁve filler 14
surface [
is gﬁﬁ&qrvél]tﬁ@yg]ﬁu? é% B%Ilerf% @n@fh GRNENET b §pp§l‘dl£‘ced that

app first surface 12
othé 1BRAaddNg sedetutds ama/ belle@vphed/exr ﬁfmed BJt thel fitst segaced 2tdi¢he film

surfiace 12. Likew se, the TI M, [ deq ahsl 1
UI i ssopiaB i othor e O S HTUE B dDB TS LPady el Gt g erthally
tfv%% A adﬁes&%%??éks}’ Rg Qﬁﬁiq}é?lttb ViR RANRS1ae12 tcﬁblcﬁfd th@®8dditional

e surtace oppos rst surface 12. A rel ease

la&érﬁl of stafchirbetolthkaurfaay 1DeLikesswe that M mayfoh ®rasfidasl as a two~
adhesi ve(s) on either r bath of the surf

s34 tapeL DR ROHISF SR TSR B TEREE F AT iO1 Lo hhesive

1aké1r &b ﬂl@ gce oHpMﬂeQQe iiSst it fAdRE 2. ]A5rdcléh"s@hn§tfor ahd likenmaPse

|rst surface 102 and a second surface
as@cpmmsal Wﬁhttlrﬁeskﬁm adftesive(s) paeigher @@botélmf \mﬂ Suff%%ﬁd?fdh%éh? L.

thi s, enbodi tof the.iny .0 th
ther‘ﬁ’éﬁggg HE‘?rft\?i IPY%]EIO% 4&§’n E‘? E%uai 100 is in the
fo%'ﬁbﬁtaffﬂﬁﬂ mllﬁavﬁlgwtﬁr@muﬁcal@mm aﬂ&bm@d anfhte pppasite shei first

m crofi bers 108 are interspersed thyroughout,

suysfaby (st pleoveth dscomwlingpto this erbedigpspt obihe ‘feQHOIFa (At {938 one
thF%?PQ yscog%%c}tﬁf%tf I{[%p 104{ anthlé/ Ael Q%Qfaﬁﬁélﬁt &hiihhals \Qiclaﬁfastlc and/or

or 'structures be applied or affixed

‘elbﬁmtrhﬁrcﬁ’ﬂfefsamsaré.ﬁﬁerqﬁerﬁeﬁehrfoug]nmﬂ; @ polymermsgbesive inpgix 106 and

oﬁ%yhg inghe moghies fErakphe s etieian i JaRggndor suctures
g gé tap;??ed@ﬂ REd 8 th thel dafrabdsi 190 o Wi G100 anta@sddmﬁlﬁg obter layers

ayers or structures to the surface 102.
oistkmmr@ewnh the sTiMel 00, atayehel @ihgvn@lbropoaguqmew&msa,dé@%% may

n t her
fifsp;| E? J:/e;(} tg g}?go & ﬁu&fgceag[%etglb\ygd lttgeyy%dltlongl ltB erE gg’?’t ur@s to the
s&ﬁa‘%@qm eLARwiRethbiTiM 16nbpbe plRZiedAs helveaiied Itapedravmg another

ke may be associated with the skin adhe
adhesioe ldyer, ippatisular »ibermallseandyetiee adhesikelapst AR il@lsugfs 2e opposite

L@g{@#g‘%ﬁ‘d@ f\:‘/iL ged%a%g llﬁ&ovélljlﬁ% hﬁm‘aﬂ %g%%cﬁfedtﬁﬁl the skin

ermal 'y conductive
a&k@sﬁe@sdbﬁaitm or dy@rof IOstirfacey efthelfitin dl.one of the

surfaces 202 of the film201 co i Sin
Cher Ry Goriio o1 PXisaPTbALEE5OBS R eRTy ] 200 in which &
t}%g nes X&ldﬁgtl\?eos%m Jnﬁx%sﬁg lﬁe@m Y& ARV 0@ thBdhrfaces 202 of the

se an a variety of adhesive materials and
fﬂrh@lom&binpncmg d Ubdnidved tHerinhBy somiicavepdriieleh204 @mlsmlyr@@rep adhesive

herei n. d h d k
206. g'geh ekin |a§ %gfg 3 VZaH ?ngy cp{})g%géd%gsc?id ‘?aﬁxre%ér I)ﬂgsgvezlﬁgterlals and
tﬁé?ﬁaﬂ? L&RRiesve fillers as are further described herein. The adheswe used in skin

adhesive layer 220 is generally selected for its adhesive properties in the intended
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-6 WD 2004/ 108852 PCT/ US2004/ 010350 application or
use. Typically, the skin adhesive |ayer 220 is a
WO b@nredsfy conductive pressure sensitive adheBCTES2004/010350
generally formul ated without fire retardant materials
therein. A release liner (not shown) may optionally
e J:D d-{,90; i ' is\eerhéygly coddittive
ap ng’cﬁié(r’&{’lg&? h gfy §15 g‘?’?gg‘ﬁké‘% Q‘gﬁ%ﬁ Za};ség ?%@ adhesi ve lyI ayer )
predgifle bensiive aidsivefestnally dororulatebwitheus firg refadanignatipgls therein.

A el e (RO ERUORAROLY P PRLGPE o ol Rl esive aver

' | S o TTRE Ekid YEKR0R 1Ak 220 teinoner ghibstrafe or the like.
22%%2{]{&@@% ana25, 000 and is tac%?rat roomt enpera

re
( abit ha2mel) prePyvas sansiiveadhesives EDTATHR §?K&1E%unde¢%ﬂl§§ therrgally
a_di stipct category. of adhesi ' i .
o SR TR S ) i o e
th. eiﬁ?(ﬁfo_az{nﬁ'iéetai:lyﬁ)fo&ﬂnrtﬁhyeraﬁlk’@(aeoﬁtozza’GbaM@Bgtesénsitive adhesives

issimlar surfaces upon nere cog%)zct Wth ut the
(PHss)hrof distine celegaryfafmghesivs Waslng s &olyent-repy 1000 3%

sensi tiye, ad IV, ir . [ i : £Hlissimilar
pelEpaliy to5F g Epob e TPy R 8 fidFs
sufFRE Sip¥E nided ebinh@t fvithow:. thPBAsl afamorb ehaganget ohand girgsure.

described using the "Dahlquist criteria V\é’]i CF to exert a
Pressiustsannidve SReSTYSrac@HERq CUYAIRN DS WEET-SREEES FhPYH FUFS
elafiyd ' LanpeivelyWescried@ising the
relfugif o @festie B HRARIE TRGRS i BT LA RER Sl (cRcriiRacsine
"Dahlgutt beferiahwhida nsentais et stheerlastic Meaduinsraf thayy maggriady is less than

Edi tion, 1997. The polyner matrices of the jinvention
10%alynedemt aiswomrfemperaiige-eS¢arRacisy 8- Yerfsiherion %3&5%%%5“

PSA).. t e, desi t ARl [ lvmer

T R i e e S R
mbRCERISE (RS BRRedtidnasay doniprike ohamgeood preksuss seabitive efleasiviee PSA).

It %31@3%@;1?;@@;36 g}%«ao% ]gl:qe cti % |P 8%&"19&5:{},2@:{51{8%& goﬁnpositions to
ac@,%lvx GE{uné gr ic0€ Asﬁid@ GhRd PRRGHCAIPEIpetits caeBe bBdined by

oper a final article.” The hot nelt pressure
schRAsélickeoshritas PSA compopentdpges@nd gonegpiraiiqnsofA particular polymer

di fferent ol yner teri.al s incluydi ast oners,
may, e sflected 1?1%? b | 851@d§§?%%?sso&%pfglﬁ%/%’l%%h a- olefins
pol VAR ot ol MbdsGrean@h¥TeE Adhesive nblyerday biievanéty of different
ca

Typi y, the polyner materials are of, t ete[get a
paymesuptesibls éndlatingelastomers hbeis. Hegradatifg! asggX

described in, for .exa ' ial
oo fvicho EEARa s hoq SnARIL e poyer mteriel
R YIERK Be thavrB Guitbiers aadld exudiibh eraeatsing mpdesctibehis, fosexample,

particul ar polyner is generall osen or sel ected :
Uttt ibons A W) Hock may berpenis WG PRe IS PORTRES hving

i S .recogni . g is dhe lected
ol R e e e
bkdpegtheatdbiesl propetiies @ftthe Snal My olréy scegnizedthat the polymer

nmol ecul ar wei ght  pol yner < 25,000 nu r_av :
oRerEbUAeAo REP IS PACTHSF DS DRI oo e By et dadical
QbR biigoTMd B0bE BBk SiehYol AU OG0B nusRELvchgt

pressure sensitive adhesive
molecular weight), N-tert-butylacrylamide, or organic solvent.

S, PO y-etdpha-

Suitable materials for producing a useful hot melt pressure sensitive adhesive

include acrylate and methacrylate polymers or co-polymers. Such polymers can be
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i nclude acrylate and nethacryl ate polynmers or

co-polyners. Such polyners can be -7 WO 2004/108852
wEOAWBRN4/ 010350 formed by pol ynmeri zi ng 50 pOT/LSH04/010350

parts by wei ght of one or nore nononeric acrylic or

met hacrylic esters of non-tertiary al kyl alcohols,

i t i : . .
fo)gft]eéirrr}g; Agﬁ%@@ﬂ%g? gyﬁf()r Iga?nﬁégﬁ%& 12191 bné Br B8re ©BARAEiC acrylic or

8 carbon atoms).
mdhiadrabl esteac ot ertivoy alirgk alcotiofs Widieheralkyl groaps §avigerom 1 to 20

T U oY FECEN gt A
m%lglé’ey@gt?xgi acdGlbi! 8§l acPARRISBMy] a6 Mk RurylneWte, 2-ethylhexyl

ecyl acrylate, isobornyl acrylate, and
actidateaytlohexy laatydate, AjGsoctylsast ylhte apwadee WrastIate arqnyl agrgkate, decyl

fqr. .exanpl.e nzyl. .acryl at d .
ot SO oo lfe bt gRfkd) Rufal i S ERe omasggorpaes for
extRiphS BerlZ9Bacr{IRRMNAQ yBldbéiy DycrWaieg Hh sorhe bplicatiomsygmnay be

acrylic or net hacrylyl c esters. Optionally, one or I
desimatde toorse desh yhaariOReKis Py vt o MOWM%PSO%W%‘/ i

0 pQl.ynenized w i ]

esfPor R T 5 gty bR PoAREA ARy BRARTRLE of FiATRR fay be
p&fzﬁéﬁded%tmme Qp®I8e ndabmesstn hinoses fimwi alwual hodd patsarer

glass transition tenperature, greater tnan thg I a8 er olass
mopepesi (Qrsitlass ﬁ{)éfr“é‘fllff)éﬂ%?%%m% f’g‘t" e hahoh ?’g‘ﬂ%‘??’ &

' | ¥ ibbdnhfReatitfeldTictie ddRylat

I el LA o TSR g e
horeéfoaanst dxnohpleswfbsitablatemonemgls datiog withinibip @ass include acrylic

scibata e e g SRApE b AR T ALY

aé}'%lﬁ}nFﬁél it did Qﬁh@ha&%ﬂﬁ%&fd}ﬁbryﬁﬁlﬁtﬂﬂ@mtha&yﬁmﬁtrﬁé,hyhyl acetate,
acryl at e, N-vi nyl caprol actam malei c _anhydride, .
Niwinylgyyalidydeaisobomaykasry nencnaetir perylaen deyigycaprolactam, maleic

ATEAL IS NS b e,
diReRHREANAIdE, bdieonboRRe T gc£y_hz$@ vénl asteisof neodecanoic, neononanoic,
2- et hyl hexanoj c, or propionic a&ldgs (xf or  exa L from Ui
neppantiBeiF €2-FHhETIOdh OPBIOBHIT ECCoPFaBP AR §e_, TEY,-mon
Cglirll)sc?er&glﬁe%fﬁﬁaabgﬂa@"@ 'ﬁné@fwgél} %‘ﬁibﬁ‘ VYNIETES Mr@fﬂigéiﬁ; chloride,

rene, t’dl uéne, and a vi nyl ethers.

styemondnylltalasne bndi skl Livinglostimysioner s i ncl udes t hose
havi ng a honopol r.gla transi{i t
| e\sl IS Atg qngpdtqrio Eé’ﬁ ﬁg%ult q%éwéﬁqrp%rﬁ m(ci%é &2&85 rﬁg@gé g%xﬁél%polymer glass
t@ﬁsriﬁ&?&:ﬁ%)e 9.?9%& YR the %_%i@ﬁ'fﬂn@ﬁioﬁ&exﬁpér@tafﬁ of the acrylate
rs fa i

CO- NDNO ing within this class include 25 |
hemhpolymth dsangtl¢naf saiable g@-@lqnvgﬁr&falimg)mgwa this class include

th l.yeth | 4 Ta=
N
(the-gies), analabRTrM¥K ShiEsNatanivh 8REhicaldot bet., wyreuthe designation NK

pol yners useful in the present invention includes
EpteedMiPBG).sensi tive and hot nelt adhesives prepared

from,NoR:PHOS . i i n i8Qudes pressure

pol yf?ﬂ\pgwggﬁmgg’?géﬁg{se:m\z/%gggIlgﬂng%g&%ﬁlgt I's, pol ym%)r S
sti@tveane hotinel adlidsivea glepsied )om pon-photopolymerizable monomers. Such
polymers can be adhesive polymers (that is, polymers that are inherently adhesive), or
polymers that are not inherently adhesive but are capable of forming adhesive

compositions when compounded with tackifiers. Specific examples include
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pol yners that are not inherently adhesive but are

capabl e of form ng adhesive conpositions when
waeoeovpacssded with tackifiers. Specific exanpl esP€Tub20d€010350

-8 WD 2004/ 108852 PCT/ US2004/ 010350 pol yur et hanes,

poly al pha-ol efins (for exanple, polyoctene,

pogfu Fy ng:b%%g@ga% S:(f\% g%ﬁ%gﬂbgdc%% Bpgol%é%@ﬁe and atactic

po[}fptcbifylﬁneﬁ Mbcl&;opb]yﬁtemasredkaldherssves <SBRc e SBShSE Sbglatural and
i CCTAETe SR I T
strﬁ@t n@ ﬁgitﬁa:'sWe% d@%r @Pﬁﬁﬁde Fé%b){?-%&@[at@hlﬁi’?@tﬁ))(y~p@wésteﬁblends) and

ons thereof. I'n sone instances, it may be
codﬂmmuabdmetebﬁt the ther mal interface material have a

s S0mejan et o BSonruhbi Be el iRl B have o

mgﬂ?&e@&i@é teanéfatﬁpéq&ﬁt R, ulﬁﬁfdﬂgréaté:taﬁmmﬁh)e sintesandmrecbemplished
rosslinked b

irradiation E- bea amm, . an
inlsévegal khnwsmgq)dﬁs tF&h exsnple, taC’rI/i‘Q doegsbfeg 13¢5 @ b C’F‘?SF]é‘ﬁ(ed by

.1.exstheextr $aBBrable to first

1rrragg§1%t? f))%ﬁ—beéfno gemim D d}?tl&%?k%aglgs%me 1E 1%@’? q;[ ﬁ%ﬁ)e/r acera e to firs
exipBicahl 8k Sudaadtol Ay earh hﬂldWeélbg\@tIEnh tadrmenaBm copolymer-based
per formance i nproved throu Q t addi

thpr(ma} prenfade apdedals g k(app@m ate Hlquah,gR pFrg?rmaBP% nl]%oved
théo%gh '?lil d z%d%m bcgt%%ltfyé)n Qﬂﬂbﬁé'fgﬁ%@gf’@g%‘f hh bRd bloBk rdifforcing resin to a

A nunber of

blbﬂeédml}}nyerele ddseribbd i, ForldxemplealleS. PatentBloe6 L6748 e i n
t he adhesi ve

h
conddapmper cpijs tppréqaléfgotgglfcél&? \él gx%slrag?q,?uéta@gert%)g ?genig ftllxé/ adhesives of

DR R dfive SimdERtseleb el ffm beamag of atateuitals
thg?%‘%gil%gl(;hth ts/ rryzct er-K as neasured accordi

t
haarﬁm EﬂlB BOndUEKiY bébetWﬁers%hoﬂlb% pd ﬂ@@m@rtﬁfwe&s?@ e {%eer%n'ed
ac]:glgllf &W §5 %m leg A% aﬁluka%é t%gmtuﬁ RhHTRY rﬁllers include but

um numti anat e, silicon
al%%E)phl‘ﬂﬁed th an@iinGia fobicﬂeberﬁlﬂlumlfmmah ylanoxird mammg sibepnueprbide,
hydr oxi de, titani um di oxide, al umc{wm ZQ nitr dld%gcd minum

beyio ceibiren piuptintn hpdoside pppgtiegam RYrap e i dicride gy

Jﬁréﬁen allllbgﬁ nfaak. ORI ik C’cﬁ%ﬁﬂﬁﬁﬁﬂfe and {88 Bké,idnl @bmbaiatons

PR A Vari ety 0 shapes/forns (spheri cal, flakes,
t1RgEF.OMREsafekrs ae yatdlis a vagety of sliapes/ Xspiwrieal chdicee

SIS LSt LS 11 NSO ke on
i1, g?%?ﬁfe se@c{eldeaﬁﬁes‘i%yan@%ase%’f@rb@@hﬁ% of tlﬁ&:&(ﬁ’ﬁ@ite Fﬂlers may be

cry types (for exanple, hexagonal and rhoph d
atmilable ins¢verde) ysmﬁ dy25 (foh exajnmi@ hekagangkang rhew@gcelwr% pitride) an

s 8 g P ARG, It (Bpabciieglor fleysta
(lﬁblaa&g%é‘ ffsRpichaat of fRvesducteith elngalifferentysy sl aixysp geffect of

final mechani cal properties and cost. Particle size
cwsdll tipe onifimat ingehaaicREproetiReAIasy conductivity,

mechani cal {; 1 SRtPAY trh&dhBnishizghd

sele taﬁtlgﬁe o /‘{h%qm%g{g‘gﬁrﬁ% f?éq?ﬁh&%? ar adhej;i ve .
adhesive properties, so particle size selection should accommodate the final adhesive
property requirements. In other embodiments, the particle size of the filler (or mixture of
fillers) and particle loading are selected to produce suitable thermal conductance while

retaining adequate mechanical and adhesive properties.
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30 property requirenents. In other enbodinents, the
particle size of the filler (or mxture of fillers)
wa@pe4pessst cl e | oadi ng are sel ected to produce BOi/USH€010350
t hermal conductance while retaining adequate
mechani cal and adhesi ve properties. -9 WO 2004/ 108852
PCT. % Ihahdide tHRES Mve bR Qvdragd particle size in the
Rl e Frey

con e an average particle size in
rarfoB@f FRAYES Micioh@ierd (1 Mo@50 pew.efrsotherjenhwdizgentinthq thermally
ot her enbodi nents, the thernally

duct i fi
combugtivefiers impyaeegedg evepgesivy B fol O e gy ]Irdotﬁ@d‘m- The
to 70 p. Th t.i cl ' ' '
i B RS T 0 £ S0 et
avé}\A@% 89Cv&tivéén @?lta)i‘/i@ 050 finp "BRhdRefvamay toRaindhamialte comductive

cofitai n therm conductive fillers that can bridge
fillehehaician Hiidge thectibesiverradfeatharmebinfesfase mattis snddepxpascd through

exposed through the matrix ta deqr ' i: o1
B
priB6re SPIEPRUdReSRISIdinpRovrdhesia eomtudivinpinatie path detveden the

conguctlw ty in the path between the heat-source
hestdvstaeatibstatcianddeat-eandioing #tclar fuck ag a beg S lée'hgﬂ?se

sink article.. These 10 icl i G : h that
padicls Foot TGN edp o e arfef SpBhd oo ! Ehcfiticle such tha
théyf bR iSY @R ohtodts sutfaeyprioTe essftérnhohat sinkoidld i placed in

surface prior to or after the heat. si nliﬁartl

| [ .
seplices deerierallyswetrngiag thessrofithsse paTiclsae PR g‘dﬁ?sl?’% (jeckness
w%&ﬂg?r%aﬁqﬁ% ﬁg}‘rﬁzﬁ c{aﬂd\fcﬁgiéz gg@fe_@ﬁi ReghVdulisakMRESandwhe heat-

gase er m uctivity between a
congadtingQuict®€ substrate and the heat- conducting

appl Tiscibotsh of paticibairptcgen by he paU ey D e gl ppdltes
hé%ﬁeq%{v]\}%hjgg gﬂﬂen"é‘itonlo?ﬁtc‘fea@k%éﬁt 112 AnPARdabduedOuh 03BelwmObnd in other

In other enbodiments between about 5 and |
erdbdine@t Betiidbi alidue S\whe a0 tne abosutablervehenithd boyel ling willdbe in the

Zﬁ%t?)o{ogséi? ?@?g rm?:gg gggz]i;;xg gﬁgsegg %;ggtraqgrgmﬁ/egggn g)gl’l():ife @@Land a heat
larger.than about 20 3
oL iR OR 95 56 4200 B oD B 3001, 2 where

l%@? 5Ok:Hsts YoSIebR IR %ot bl @dld siibsaates C i divadn, omsbimhtions of
1gerent particle size materials can be

s L%Sed. La{egser {
difforesitipativie stze|maserigdaean; be used barspreqpdpgtive; ifflog pgipigie Size results
. hQul K copduct.i vi t.v. t | 3&] 8et/fhble of
lﬂs‘a%li‘fif %fl Cogﬁhéc\{%%\ﬁ/a B)Y%%g“‘t %aé‘!es?’% or;f ﬁgé;%iléc%gelc% Igﬁ%lcgf or meﬁq} ©°
b&lg prasdEgdewinakd atfincher sibk arlvireattachinhits thegrapariide sizes can be

sizes can be _even |arger than the si ﬁes .genti o(r;ed cult in
evepdeiger thamibersizes H@Ptle%ﬁ%t%ber’% QgIrg OE PPHE ST {18
L Rl | ' | @B rdSARER OSBRIt . eSUnbaations of
1%%@&%%&%\5@%% h%%ngﬁggthlh rr(1)‘§)@éot;l:dgroISi fferent t hlejr" mal |y o
R cicrmellf edridectve fillees hewrbeshshawi & IPYde geuivalent thermal

equi val ent ther mal erformance at reduc
peiprEanes atirpgicsd ﬁ%srt§ p)gﬂlbsgtuaﬁg Q)PB&%)]- % éfxﬁ I%%néf&%?fﬁlg? ¥for example,
b(?x;&ﬁ%lriﬂe) w@%@e@,s Bipehbide Kl tebr kahBi6 sRipe babide).f Thdremlly
or exanple, silicon carbide). Thermally ,
conductive fillers often have anisotropic thermal conductivity along various crystal planes,
so filler orientation via known methods can be used to enhance thermal performance.
The thermally conductive fillers may be present in the adhesive blends of the

invention in an amount of at least 25 percent by weight of the total composition. In other
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conductive fillers often have ani sotropic thernal
conductivity along various crystal planes, 30 so

wo 2doaos8ssz i ent ati on via known net hods can be UBEDUS04/010350
enhance thermal performance. The thermally conductive
fillers may be present in the adhesive bl ends of the

em'bggﬁz%t%lt & tb‘g Hﬁtthéﬁn ﬁr cb&ﬁﬁhv@ ﬁll&eirs %Pé@énthﬁ an amount of at

corrp05| ion. In other -10 WO
leagﬂzﬂﬂ)hﬁm %&hP@deaﬁZ@ M&SMIDBE@D wexghbpﬁrn@’q,t andgn seme embodiments

t the th d
ot EHETARBARICIDN St ) BEieht R sl P peT CREE,

en{bg ﬁ‘x&er@sb MNbrmARy Wb vPENG S Hay barpeesem if mdmmabmm of the
e I'nvention, at |east about 50 vve er cent zfptogo

in\tdneomdhesan\ge obfredeS tp BOoveight perogpiodd ﬁﬁs g/e1 hBSTRENY

G nductiv S
wegmiept S iebe SERIERTET, i e sBulgts Z3SRES0 Weign geroent
wei Whll@ﬁfe‘}ﬁﬁéimuﬁchmd&t SchEﬂh@hﬁcopétﬁaIﬁfﬂtfﬂleﬂﬁ selec®0 based on the

wei ght percent, 50 to 80 weight per cenpt,. or ﬁ% ra ge
finbbpropenties Goneringte. hardgrss, perPEmbLit gAIeEOR g

foth t t
COBglgC 1t8)20fttﬁ %ﬁﬂa#g?fheg?%gg %{MIB&eﬁgu? girlég)s( géne?ﬁiﬁ%g%n 1ense;n amoun
le3QndOF0BRAbRY Weight petbas] The TAvichas laéxuﬂmhemmh dqmiucﬁmty pf geater

the TIM thetherrmll conggg filler is generally
thw@@@ﬁf)SlWIBﬁ{%Wﬁ{“/ 195 ¢ n about 80 wei ght

per G@Qgrtalyﬁggﬂg %ﬁ@% fﬂe Pé&ljﬂaﬁtff@itﬂ@ m&;ﬂrﬂ@ﬁé‘éﬂédf hidyorqhay be

grea WmK, or 0.8

re?fs{ﬂlt’ddlﬁy dpplican¢ mgnlaapm |Emtepcmnpl,e '§1M$ wssd i plgeigige electronic
eature ma){}ebe needed

apR ﬁqt}ogémaé{ ggﬁp ‘F’ﬁ’i‘?é, ?ecg)l(c ent,.ltﬁ %E(Jnﬁ ggc t% and/or to beat

ge%lf:lec&tdrf‘r&n Qe 1?sle Q¢ tHeCHaé&lat@epabaﬁﬁﬁd mﬁpcmam diezldibtnicetd: tiéwice.
expose to electrical current, to short ci rcwts

Causelquamtly ointhesity Sl@dg@ﬁ oF FREPUORHARY HEPYR§SOBfitippgon the use of such
at ed eI t T oni g .60 I a
L
cledROA Ané @lédtlr&r?@s"@pﬁﬁattdne tgs mdnfstlﬁ stafdard’ ﬂmﬁtahzhty test is
require qualifying tests suc
Ungaveloraaoureler (8 SEoStan gl dor e OLFATGREaLy Ghy bt
MARR a{j‘}g} PRSI ﬁeﬂf?ﬁek ?gﬂa&t&ﬁ dﬁﬁﬂpﬁekﬁ%ﬁl@ Bak tHeyTIVESill pass UL
IS ora

erwiter ries 94 "Standard for
0Ay's? HatmarabiHtprannpiahd tnyotbér dﬂﬂmﬂummteowme&a HELD4 %10 flammability
Parts in Devices and Appliances”). It is preferable
gt the TIMwill pass UL 94 V-2 flammability rating

and e Aithhnt® E@%@le%ﬂfr@lusi@n' ih tiREBBILofhe Prbsdht @nvenﬁon include
flam’ra% [Tty ratin Fire retardants sujtable fo

anyntypeisf fire etardane wiric Qagerlewélymf%seém ther{Ham & %?PW%F%’&@ of

fire ret |
e T e S N e
TRE HifERtarddits 44 béﬁh@hies@@f fignietapdemeschndror mbe-intotrekcent fire
wei ght of the TIM The fire refardants

reitard ante s beetherfamhodreensy, dhmiiss TaIREABIS AR ﬁﬁ%ﬁ‘é‘s“&é%mmg and
ftL h& \J et B %Eﬁlgs of sfi ?fglg Ble RERAHTRR LS 1nttH§f1frh§ &escribed herein
AEPGY d RUs ar

non en contal ning and
include those commercially ava11able from Clariant Corporation of Charlotte,NC, under
the designation EXOLIT, including those designated IFR 23, AP 750, EXOLIT OP grade
materials based on organophosphorous compounds, and EXOLIT RP grades of red

phosphorus materials, non-halogenated fire retardants, such as FIREBRAKE 7B and
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antinony-free. Exanples of suitable fire retardants

for use in the filnms described herein include those
waeeomaosssal | y avail able from d ari ant Cor por at PONUS$004/010350

Charlotte, NC, under 30 the designation EXOLIT,

i ncluding those designated | FR 23, AP 750, EXOLIT OP

L&l brBfhoRé |iﬂt‘é§5}@f Usvailable from Dead
c:orrpoun%B anfgi W%Rg gPadcg)gﬂglP e?msphor us
SeaBr@ninalGroum BeehShivgdmatle cExfa[rméeSrcétsgm@ém irp retapdantsat also

fur?@%% &%ﬁ&%@eﬂl@m : é\?&s'gﬁ h§<%)x1de and magnesium

hvllokige( tri bromoneopentyl) phosphate), available from
yge d& Sea Bromi ne G oup, Beer Shiva, Israel

of smencbtmtfemt prmoredita refarsents RG/OT aﬁg@rglﬁmé{qrawogg suppressants
th I Il [ i
A b S bS8 B, S SRR R oo v

be MRtcBmirel By rvﬁh@tﬁsﬁﬁﬁﬁrﬁetéﬂ@ﬁfo@ E:xﬁllplyﬂﬁé iridsstrastdndard Sordhedesired

suppressants may also be used in the TIMs of the
applicasinni ad. bySepwesifion Oﬁ?hetfﬂ’él Ralyer s dant syst em wi | |

%ﬁﬂ%& difi s ofeR AnGnatbid

[ ndzﬁ\ ?@I%ﬁx%ﬂgj;?dy eg?rgglgf%p%p |Scat| on, aerl1 §/

exPRBFP Bkélnded dbve. hExafm;blas picduitaisle adﬁtwmanclmﬂ@tavmerﬁe@or example,
al so i nclude a nunber  of .ot.her additives oth a?llg and

rogig eeleTSalesPenes: @Rgoks anq ARRAfIGAAMARG VL H“B‘%Eﬁﬁﬂ
arg’xﬂhﬁ@g}nﬁleﬁg A ddo¥aBon REIYY %@rﬁéﬁ@ ﬁ‘élﬁfoimﬁﬁ BFenBX BMloghobic or

oSl n-esters, ter penes, enol s and allp atIC
h}ﬁfdmiﬂid silicapcaleiiut aawmma@f toagh‘ph@g agentsn Ebersy fieas, japtioxidants,

B gt B oot Ay isapg AL Pnal dBLIL PAE. Mebonents

ar@ %é&?zﬁ Bl Kided QUARGR GhfRGemtts oblaihat sticleibaliapshe desmed end
tioxi'dants, stabilizers, and conpin ga t he
propeatiésn megemmgaraadhewe PEIPeRissnEer &prd ‘E%‘g"b 1y, an S‘H ge contact,

it ﬁ{}? cllﬁmg@%d eﬁ%ﬁ‘as &He s BY b LBAk cbRneRE Al N an

eS|re end properties, in
par t Ot érhbodiﬁhbﬁls oy ﬂlepnmﬁbh iedudeRapes giud tkansfer tapes. Useful

formability and i
bapiite T M NI, ARG RLS | DD Heint i G ER G fpronty
the ﬁ}{kg);l asaRedl iR tc§nt‘3fn atnrh%lditﬁ}é@s'?tdu@li‘ ad ﬂl@b&@&cﬁmﬂﬂowe to

er tape backing materials are
1nt1haetrtl’rahﬂay cmmudmmty \fecm@@mfbanmlmgaqmgemmnals énghadgecellulosic

h t t d
gl b 4y P Hom anpe e AL A0Sl R PR RebaAr
pd ngﬁﬁ?ﬂhl&%dﬂ&%fétﬂaﬁe @Wﬁ@e@ﬁmﬁﬁ&lbﬁbbﬁn&mﬂm«gal foils, such

I's include cellulosic mat eri als, such as gag li{l
aseadamiziuot foil( \lwmth@rmmhﬁvdwewan#qrﬁm@ is &yaiqd yehen the backing

p ol %_’ES %%;]Ie%s‘%:gme egellil Gl @fch dQincP R dg E{f&l be themlally

SCris;

c&i&ﬁbﬁvaasfh'é| raﬁmumef cud be ddateﬂrumtdneror bnﬁhcsmﬂelsmth a mlease coating.
transfer tape is formed when the backing 25 materi al

The backing wax alse papiovidif 88 BIWIRIRLYEBt ease |iner is not

requit el %a?t?clésrb grﬂasl olpé prGR! ﬂaﬂ@naﬁﬁg@a}fe@é t%@@tﬁer or by

l'i nercan coat ed on orie ‘or th sides wth
ldyvetigasaraieatilmgas they exit their respectwe shaping orlflces, w1th the use of some
affixing means, such as an adhesive. Other techniques that can be used include extrusion
coating and inclusion coextrusion, which is described in, for example, U.S. Patent No.

5,429,856.
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The backi ng may al so be provided as nultiple |ayers.
Mul tilayer articles can also be prepared by | am nating
wo agenesssoget her, or by |ayering extruded filPET/ES2004/010350
they exit their respective shaping orifices, with the
use of sonme 30 affixing neans, such as an adhesi ve.

abf &L@k?ﬁg é@%n&ﬁﬂs SEme %ﬁ)@nﬁ&? kivdFoRxlohtShednthermally

coa i Ng an coextrusi on, which is descri bed

cohductife gkin nalnsive, laydr Sr sl@ataélrrmmnay 153 aspociged withthe theymally
2004/ 1088 CT/ US2004/ 010

copRISHE BUPDY T EHET RN Ok e X S an B ediffosicion

wﬁ}hﬁx(er@lnlx&e %9@19&!1%16 ke AdtleBivadbe béi@oﬂs@ﬂﬁesﬁﬁbeﬂl«in greater detail,
eslive may be associated with the thernal

I
bebown dDind themnaliyl condyctive edhesigrgompositignesie ,ggyeﬁrﬁléy foggulated and/or
se]gg{eii uavg {lt:fng%? g‘gﬁtggalrgxg]dg %cﬂ?es{v!e AWRiciMshdh z%naetaﬁiwg&'éﬁl the

conpositions, 'as descr
fllﬁ{ Bahehedabsdiate fobeahgey. ThEwihtdies nay by appireduo nipegtion of the

adhesi ve conpositions are generally for (#51 and/ or
suﬁmwaﬁth@ﬁmt(ﬁzswamp}eeom ebuplAR MY Y PHBAS AtAvdYs Yportion

1%68% (@ cﬁﬁt e]%f Eﬁ?a%e%ﬁ'h LES suﬁdtﬂaf@ t %ﬁﬁ%ﬂ zliH?htmnal

S|ve may be appli ed
laperPOF §thi@ﬁ1r§sf ”Itli&e;lmsaﬂhéawcm alsdiee faiimat¢d tora selxhn@o%the @&m or

e e Sl renialo Ch P acER R R BR s lpesive
had b%é??p&)r 12% fo %,%lesagﬁ Hﬂér ddiinl a‘a'ﬁé’dlvel&air @ﬂl@fo?/ 1Biiltiple adhesive

struc eS|ve can al so am nated to
lagers.ut fgicalyo thetskim :idhbsme buyer hdse 1ﬁWBm@§Wt@élod iof ghermglly

d d d
célﬁ{)c{{%g%ﬂlgg {l\;ﬁ ol?e}.lfg]@ %élt%g]sot tB%tl 2}%58‘31? a eﬂlebs gxa{gléiel%r I1tx E@neral, as the
1‘1-{&%'[ %Hh@rrﬁﬂﬁ)e&inﬁﬁ‘ct%)ﬁlﬁm&éﬁséw ladlha@ive p&ﬁtﬁﬁﬁds\d‘écrease

ayers. Typically, the skin adhesive |ayer has a Iovvﬁr
con c%tfbnml to frigyfe f’rlﬁélrmﬁﬁlluﬁk@n PERSSERAAT iy éh‘?WIP fo PrepaLAe f éM

r. so .that
oGP EL S e p SRR S ARES R Bil pss sesie
adhiclive pollyﬂféf Bas€ fto adite ekiredqr3apétypiceBy demgmeew extruder) to
Referring to Figure 4, an extrusion pr.oc

scdiepand FEY URSBUROT B0 FPRRISIARRI YA USigRt Re RAVERE P polymer
W’T?Be‘?ﬁ%d 09 tdefh d;%@ BoBhREE: G5 0bf thb %hhn 88 ?b%sr LR IRUIES fo the

rve polyner is first

extiidet/8HY in3h cotyepienafdrn, sucdi asgnle&ets,d:n]éms,@@pkqgg@rs;ra@® pouches,
soften and m x the polyner into a formsuitable for
adoPEsi on. The resulting PSA polyner 20 will be used

to f J%‘Qh&ﬁia}i bndiRtivé K16, abhd®hén bﬂélsenTh@ckﬁf;dnygmBm fire
may ed to ext ruder 310 in anz conveni.en
rdtammt aadl oﬁleasdcbrews @rﬁsfedl§ﬁ> riseqond exaudesdés (18 exapRis, {ypically a

ouche
t HnIUSFr@PN éx{%@ ’\i}hiﬁgﬁ?qt& nX(?lyfntg EPFyI n?ir)ée%s’éld;ﬁ%&?f gﬂoﬁﬁhe extruder
31 @R Savhd anehdet BEY thasighhtthe Bsst poe 31 dThotharsdbormaductive filler

extruder 312 (for exanple, icall a 25 tW|
skt veT Ben e AN Py B ase L Sl Sty fed

mql rheecstel:é/ndferx?rﬁhéJﬁZQa)c( LEAIRE 313 which is typ1cally at a point prior to the
mixing/dispersing section of the extruder 312. Once combined, th¢ polymer and additives
are well mixed in extruder 312. The order of component addition and mixing conditions
(for example, screw speed, screw length, and temperature) are selected to achieve

optimum mixing. It will be appreciated that if the hot melt polymeric PSA is provided in a
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310 into second extruder 312 through the first port

311. The thermally conductive filler and other
w@odautiosses can be fed into any port of the secpPemuUS2004/010350

extruder and are typically fed into the second

extruder 312 at entrance 313 which is typically at a

o] I iohh Lok 46 g cheiftbd oddl G PSAeadded
ﬂ“@&%ﬁ%ﬁ%ﬁ$§%%ﬁg€ht§wégﬁﬁ%ﬂgﬁgﬁ?ﬁg pglyner and additjves
dir3@lyatoexweddr 31ix &dhdnnineorporatieg high 2movhis of ihpsmally conductive filler,

. conmponent addj.tiqQn d, m xing _condi f i Of 34341
tiadampbe hadbetheriaied 6 RaiBl RbOLANRpdl lacyion gorts (s
is,%%ﬁt 18&], 86t sgx@wtn‘)"aﬁd: 2BV RuuRBlia FRHEBOY Bé A tb tembid enlx@pped air.
apprecrated that i1f the hot nelt polyneric PSA is .
Enprappeidccorivoids lowgrs\wollotermal cesbrtipey) Uep higund 1piggee material

f. i t.abl i , i i
eI GO EStn i A0 HRERRe A Golullens RERLRUDY il €R method
ittyen, Teervore o om0 ey
ctive filler, it is desirable iller.be
e oddeds they berimrdly congustgh S, A1 Soeiiibs grioye] 8
! a% | oa '%Polfib%r fo?&gn Dok shRWdk oflRE alldiales) aUR-Mied in the
G PRCLDST 1B e

r ve entrapped air. 5 Entrapped _
krndhdin®Foneab s avextsudablelcotripesitian. Tonparposesfithe melanixing step 18

e o918 Vi e Gyl SPHTRDRe B g o
ad:dﬁgztre%a ]It){glge‘iilt, HEFEHIRGA ¢ gh(ght tHNGEISOIRSAlL ;I'Zf)'ﬁaﬂy, the melt-

conductive fille t he PSA, and e optional
mixifi€operaioantdantnedmeiding block dbwheireafoirein g tiapgectip 4p obtain
and/ or .other_ additives, are [ t-m i e . £
SRS ¥ e SRR R ke spdli e
ad RO Ehe W mbrarurd) %)I_'eﬁﬂu%d:sﬂ theaf Rfesi snd Wixinepmeearnelected based
extrudabl e conposition in which the ther rgal |y 1on of th
uparibepartiodarf dhefnégal compoBionsbeingdapeestrds ang he splgetinn; of these
are. di stributed,thr 0 ] PSA. Typically,
C‘{“ﬂgloﬁﬁfstwlﬂﬂp}g?enséqlgggtﬁg 5 ng%éggegsﬁghéeﬁglﬁéadi ng bl ock
downsdicRany fieRihEmig, dirastddable corpistion is aukseredingo one layer of 2
m xi ng, although conveying el enents

mulilayer gptg@iiqq e gl 4 Ler gramy e’e?ocd’i“ﬁcb?ﬁ cﬁg% ﬂge(; tﬁjr%&&l @hsfer tubing
165 AU e coldas usad ebridingle@yér TS
3&?@@%?%%%28‘“8?31&%%%%% l?ﬁgaﬁgr tali‘dpulflgr crferrrl?glcl:a,l g
cERuPERinG Ohs tehgierguervites died 14anthaintanesbtessbstyHiagy the same
these conditions is within the skild t 1 -
AR PR G HIDTRFS Wi B {eb RS ¢ R RGe vidan the die 314
is%%it&qﬁﬂ Be SOMRRSY1thiaThd GbiRtABEH thathert@ne floayey fraf tee tubing
tilayer extrusion die 314 (for exanple, a ﬁgnt agt P
308 intlo the diki B axipeviengss & peRssTre ArapUp amgessols belasv thef yihiy transter
ear, pu 316. A si.ngl.e | ' bxtrudabl
o855 8 TR S BUDELR P11 SyERIL L Bnes: et
Sthoskidh dpprom@idyttaé B pait 355ibsmhanid 34, yTHetftovs eateof PSA through

tenperature as the tenperature within transfer tubing .
1R o Ioahathe die B, ALeuenGined 40 heer (e Breasirel (b i ity low.

Bt and e uni , |
The SutR G PR e o g O R S B o IR R e or he

fRIAEd HeREEE donfnabafile. dhmpot ovaaieyr efshapes el yproAged,
within transfer . i
including continuous or discontinuous fifms.

Ie

If desired, the smoothness of one or both of the adhesive film surfaces can be

increased by using nip roll 317 to press the film against a chill roll 319 after the article
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25 tubing 318. The pressure within the die 314 w |

continue to decrease as the extrudable conposition
wappraessees the exit port 315 of the die 314. HeEUS1009010350

rate of PSA through the extruder 312 and the die 314

are mai nta| ned to keep the pressure in the die cavity

ex;tts OWe 31418 SI ! eg{ finetdfn ?%drﬁ dIenCHRS SitfRks hBhsOAg the

rov’i ape the finished thermally
coﬁ@asitwtrucae tHrbhgh a r%lpy Sofoothness pfghy swfacstsh ppeenpfasialfer good

su p;fe?é%tea% axglggl:hgéétllj p@%% I{k{%}ﬁg coggucngtybeg]stpgc(r;w&rpen bonding
ng'#b Sab@f}%tﬁsc‘%é@né jakgp a‘iME}ﬁrﬁ&ﬁ%réé@ Nt Relesirdti¢ SRSy nt airikgirapment

o press the filmagainst a chill roll
beﬁﬂf&nalﬁd thermdily contlvative adhesive\nDicloend thggghsirate. Non-contact or non-

US2004/ 0103 t
SRR LI SRR R P By AR B
co ”ﬁﬁ l%lf‘caﬁbﬁé feh@irihp apeRe@adticgive Prapettactis thdfrmialig conductive

surfac is beneficial for good surface cg act and
filendih esmbmed Rath apstor mgire sl pakasivedaess i gfbey em %%E’EP%?{ PRp or

m%rpgg ﬁ? E?&ugé{/eqérkg% ?c'ﬂ%?ﬁrr ?ﬁﬁﬁsé ?@Mieﬁ% iy (Qﬁetasﬁiﬁ&ﬁ@ /e film to

I's no air entrapnent
foam RENE EThd thRkhds oireel skircaihdsios layer iadyyasillyefream 0i025 enm (1 mil)

and the substrate. Non-contact Ir5 bonded %r eebsm% 3
to fg25aeimdd srilshend in Ather eabREMSYS, ?Ifl%t%?rrﬁ’&’l mm (
mﬁ@n %lil%&ltré Y 'sflé(wguc}lré‘x o¥xluGib prock . AR ®BEHORS skin 1ayer is

esive propertles the thermall %
mﬁ@cﬂuﬂzud té nhe sifstd:ﬂnbysaddmg‘mmrmdblesmetmsm,{p@lmermﬂ@ exkuger 330 (for

exgglgfe;lﬁ?éﬁxﬁ %%%Zﬁtp&g%t er gjg)] ]ggenrt §§}es?\5]eels %Bft?rggé)%{ore it is fed
to h@cﬁiﬂt e%'iruﬁé’l*r $0G8% eﬁﬁmbﬂéetybiclaﬂy b@wml@rd‘v@émlﬁieﬂjl Wherd te skin-

ah ness of the skin adhesive |a er is typically from
lagerG@besiva i6 nikéd ith dxe@nal:hscmuetqu# Jjegypnd aﬂwr pddifydseff any. For

ulq.{rgggql nt Sp}g tﬁ rg}?g‘xg:ggdu Vé g’klﬂ]ahﬁes x% 19 f(ﬂ%ﬁﬂeﬂm (v?thout adding

CO- extrusion process
otﬂ&%&iti‘z@s fh(af Ainfi8isB Khebdhasies pioperticnbdr the tarkihesoott the adhesive.

stem by addi ng an adhesi ve r eS| n/ po
A oughdee 1q;gqglaQtfrgaten@§< amogna ‘@4 g fg%gn&ﬁ fthl'ﬂGH%l} 'Sor the skin
4’1‘1’” § % k{%ﬁ a%ugts £l r&%%'rﬂ% éls% ot rasd v&@tﬁfrﬂh@ skih atiBesive at
510 A secon ext ruder (for exa
cdnypiteaiohythat ireieffestivecto/impart ﬁchane)ardm p@p@ﬁ@s sqxthérskmaaﬁéwve

R et b il S5 ot b0 B I TRl Co bl Ry APfhay be

désﬂﬁﬂg% hya &9&1&&&1 Gl &lfﬂrareaﬁbﬁﬁltw el skirf mhﬁsikfahﬁﬂary thin (that is, <
out adding other additives that dimnish th

0.68% esn (. WSOIpelnﬁSD)ébermaHV ﬁgndqg;@xq: fiessistasglant geickesh g}}p gmount of

flgxr@}a&fpga 44@83? cﬂhﬁ;l | gr{]o cl-:ieﬁ E@U@gk%lght percent of the

tRARRS N f slﬁﬁ&ﬂhesﬂﬂéﬁh&m @ c@lﬁerfemb@dﬁﬁﬁrm danteamyhal sout2) weight
i ncl uded within the skin adhesive at conc ntrg

perhartt, wr greaitf Ger phent il weighi Petcets and e giegighthepe B‘&%W%‘%ht
to the skin adhesive, while not significantly
Pt shi ng the tack of the skin adhesive.
Speciahiexatliable iHermayy daducdeiskabidbetive aﬁdpcaltmmls imetered from the
amount of fire retardant to ft(ﬂeﬁk' n adhesi

extmader @%%athﬁ gpprepriate chambers o 4 throug (Famster tubmg 51 using a
gear pump 336. The thermally conductive skin adhesive is co-extruded with the thermally

conductive film through an exit port 315 on the die 314 so that the thermally conductive
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0.635 mMm (<0.025 inches)) thermally conductive fire

retardant articles. The anmpbunt of 25 fire retardant
wa@cdaedogss2 t he skin adhesive is no greater thanPebost008010350

wei ght percent of the total weight of skin adhesive,

and in other enbodinents, no greater than about 20

sh\{)feadggktl 1ye Fi 3&@?3@ dll’égﬁ o ﬁgtoﬁfer i@t P ot exkRa¥Ei8Rhally conductive

ter than about 5 weight percent.
fﬂrﬁn ere uﬁahbﬁndﬂyemnénhdtye didmdsprovided dkiing A v areuter surfaces

tharhe, e cndrarie ekia egpesanante SRR etk dy
coB&{Q:'t 09 £ifA dn' zth&gor%ot}g&athe R 0Bl surfhRst terexalisiyn methods for

con uctlve S hesive is co-extruded with the
cobtivey anedrtigle vaﬁrwﬂhe$1ve‘/etefkmbwntt¢l fhs’égm thp agend npgst ot he Surger

N

ex@ﬁBie' @i@'e&l bo& ! ﬁ)rhjacédﬁﬂg Qutiitern @latih@eereshi- pthﬁngxamuﬂedg and
hermal Iy conductive frim Were the thermally

th@bkﬁduct ive filmis provided having two maj or outer

f h
50D T T P gkl b
aﬁ1bl|efi3 chr@-lalj}af arﬂﬁ]egﬁﬂﬁn Sfin hdi&sivajonreaduofeme mﬁlydrauﬁgcﬁs of the
-extrusion nmethods for coat | an article wt| ,
et e o S SRR e L e R
1ag&r I%/'QISB ad?%ﬁleadldﬂ oG e%tru@r%ﬂ ré[ﬁtteﬁ ‘éq&pﬁ@ﬁt el Bé—%%i)kﬁ}%ﬂ to

esli ve, such for exan'p e, direct
p&aad am‘ogxel sifin aghesnatid rmg ,ap]pimdtte |thn= ashertrhajgr surface of the film. In this

c%&%&é{‘qutr}ﬁlegﬁ%g%qréaest ({ﬁ%eoﬁﬁﬁ ?}ﬁ éldﬁ%e% o ana/tclff \%Iﬁleﬁg of surfaces

for W4 A caz)%hczttﬁ%s et the MBrmd®y @nlduehe prS?a’iu&Mf&Ee tiny ere desired
articl a skin adhesive on each t he

amliorf raqwigedo Mergevert w@@hmnp@oﬁmde@fdwbmhﬁ Akin pghesiye allows the
r. A [ esl
tqegg}glfy C@Péﬁ?thvea{ﬁﬁgg a%&srg& gén% ﬁea%g é)g ger ‘%ﬁldtﬁ(ra féﬁéggngum
d&SE SINRIEsiS@Provaled Hlthy padtitidar e trdhesmn osdier skin
adhesive to be applied to the ot jor surface

t he $uitahle skin adhiesiverionyteindhy @Hcp RE f%’*Pn"sla?’?fﬁ’@Bén%‘ﬁde any
ac}heglyé {ﬂap})%g}q‘e? ?tc&g&‘ﬁfeeﬂhgsq Aa Priefy Uiaﬁdlﬁia‘ﬁdﬁr non-polar

In app | cati ons where
sutkesten| Prssonnausitivy edipsiopeartigeseralfly amP@blemSgrt@ble pressure

sq%?%lggs eég/gg{:ﬂ%[ q%et]{qul':slg %g%dﬁl\r{%&%g]\éler (‘L(ylgcf ? &I\g}ﬁi‘?%ﬁgne%f thermoplastic
el 6 E%' déh GOBANE Ebﬁﬁﬁlefduhm 4v@ilife ashemediride dsighati@CERATON
u

or subStrate with the maxi num degree of adhesion
(fpr ensingdx) styyerterisopane-stpreherstyraebuafiarg yreneagd combinations

gD RS ORGP e Syl Ay e R bl et b2

atﬁblg)‘ﬁbﬁlseﬁol?&gﬁfﬁg aitkcenca dﬁ@sdardﬁzsésbatﬂlesdaés @tchudifig mihmi rubber,
[ or ‘non-pol ar substrates. Pressure sen

It
peliisegiene pobiwbyshwcabtyl mobapeian) 2. Wil cgaﬁérla;swa% gf plgnds of
tb%gep %%Iﬁl\ée aﬂ{]esﬁn e50E LIS oA OB cl@ %&@ dpd??p}éﬁfrl)éhé &xide (PPO)

yure anes her nop
polymer, fillers, microfiber forming materials, crosslmkers antioxidants, dyes, colorants,

as well as active components, such as an antimicrobial agent.
A group of pressure sensitive adhesives known to be useful as skin adhesives in the

present invention are, for example, the acrylate copolymers described in, for example,
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el astonmers, such as those comercially avail abl e under
the trade designation KRATON (for exanpl e,

W@ yramssst sopr ene- styrene, styrene-butadi ene sPET/EREN4/010350
and conbi nati ons 25 thereof) and ot her bl ock

copol yners, polyolefins, such as poly-al pha-ol efins

U. g{}%ten?% gy la%(cpf)eﬁﬁ 1ﬁ§t’1¥ 2 b!ﬁ}id}%@lsaon{ﬁiﬁﬁ%r a Wa&igBkatio of

hesi ves (1'heluding natura bber, pol yi soprene,
froR09 016 98y |1san@tylmgt§ydtterasnb;the:ramdectqpo)ymeas Akgst accqgtable is a

mb b ds. of .
oSSR 20, O LS5 O og 1585 3P SEL S TSt
coécﬁgﬁkf aRPhL ¥EBY5.2_fihihex ,acmeﬁé Qsﬁ)b&ﬁ&l é@ylmerh@pm@hef i Hbefful

ers anti oxi dant s, % col orants
adhesiles ae dsesd:mlmel mdwpoxaelmls U.§ulatenidNogn S SA¢ORY é‘?‘b@)ﬁ%@ 298.

IRk op i ot Rt ot e SRR ap e R AR Y e AR i

debdMpeA i, 95 &athpld, WOMZBTEE, the acrylate copol ynmers
descriBed in, for exanple, -16 WO 2004/108852 d
PCT/AJSE664 lioariPonay besipphiad knihe Risin agbessye lgyy of kgt disposed on

ei art b%%) %kxg iy ogx%é/egpb'f tt%QﬁBHaﬁ RYn@ulieb IMestRt1R. afhe liner

I'SO-0C l'ate: acrylic acid
32@@@@ by m@penséh $Ondg feaptrabm | Salmbleunptehgdm lnenR0 ichde

a wei ratio of 90:10 to 98% th ate
silicoge ragq:ase ligets creleagirnaipderolyesisy lgﬂ%gfoﬁé‘ i‘?v Wﬁ’ﬁ%ﬁ
ter%cﬁtéal%{eeﬁﬁn%? %gg& Lyo %‘gﬁﬁilﬁﬁs §for QR ﬂ@eﬁoly&ﬁ%@ﬁ’é fifns). The liner and

Sirves a ror exa S. Patent
thNgRrma1Berhdadivecitie Gy OB 2@8hen lammsi tofether§etyeen nip rollers

adhesi ves and rubber based adhesives may al so be used,
3%uch as is described in, for exanple, WO 01157152. A

rel e@ﬁt?or!a]l &?Jas@ﬁﬁ)er@ﬁ cQ@b@@Me’dQQ tHeCoppb&ing kintfaca dif elsd filen by

| ayer” or layers disposed on either or both of the

pom;ommgmptrbaaiesscmd fegrbrof 2 meht gnecas tripipiTols 3afh eie\sgcond release
fil ner
570 B e B & AT g PR SO0V e sond
refe'a&é S @4@) ﬁ{a@&b‘é@rbwhﬂﬁf ﬁlth ﬁ@i}&asﬁammﬁteade podtycbent applied to one

ms (for exanp et hyl ene tere gﬂ e1 b
sdrfapq:rgljt € aﬁqassémybisﬁg} |Iﬁ this FRPENEE BSCROR ﬁglpé'l esive layer (not shown)
m@% };% %ﬁ%ﬁ%@ ﬁlc?héelz&ﬁi) m?JEF SurfdcD8f th@ 'Tﬂm hieriliheameBskdond skin adhesive

I've adhesi ve m are then | am nated toget her
laR@imM@ebe thi Rafiobs er dzxffe&ﬁtﬂffroﬂﬁh@ﬁcrmtmngd gag)gtmqeﬁ adhesive.

oIS e e 90000 A0 SLIRER LN
a(ﬁn{g)sl&gsg I&H&SE PinkS359%4ay I8¢ bS o d valleaRGer dfiapkin Ath@sive coated

e sane as or  different fromthe rel ease |iner
oﬁa@heWW\dnts sttfacesecond rel ease liner 340 may be

prov ded Wit PRl B ¢
to ondn?d &?FI‘%@& 58&91% Plroﬁe% aa‘;‘n;ﬁ'lﬁ nerqug@ﬁélﬁ st ﬁﬁ no
¥R I8 ed 1@ (BEEONAdTH Mvasthass ver limyal by metdesdmm ppR@atus of

may be applled to the second maj or surf k@p film
Figateet herbin. ibersmetbads fok the ragmwagtyre of F%‘}@ fifge/adhpsive
c%rggrgg(t? 3Are e é’% c%ﬁ? 5eergé wﬁtﬁ%& b&pRlP TR Mt Rned

Following larmnatlon, the TIM is optionally exposed to radiation from E-beam

radiation source 326 to crosslink the film for improved cohesive strength. For thicker
films, it may be necessary to E-beam the TIM through both major surfaces to sufficiently

penetrate the material to induce more complete crosslinking. Following E-beam exposure,
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Typical ly, the skin adhesive |layers will conprise

thermal |y conductive pressure sensitive adhesives.
woredoeasssst i ner 320 may al so be provided with aPtEYS2000610350

a skin adhesive coated or applied to one of its

surfaces. 25 Variations to the foregoing process and

thé Bpﬁd?ﬁl %%&Bcpfé%%e 188D 40ichh b LnkR W cOthe VB eSSk A takedip roll

he art, and the invention is not limted by the
BQQeMthbhaatmaﬁpa&mﬂIaéupﬂntOFatgkﬁ*épﬂolhfﬁsel n. Ot her nethods

for ShSnTailactuSaRl UL dRXRGH bhl B AARGRHNE gs the

ere e scope ©O

radil€ord R\e@BgbOE endgh t@Pértgaleand thiadkiness, oftthefilth i initiate and to
optional ly exposed to radiation from E-beam

suftzeiérdlyi coessply thedhagpplly GordustEy adhiesive éhrpvgfrﬂ# is § thickness.

| .
CHIPREE SPPTRDERYIRTAIL SRTfch ARl ety
1n‘éﬂh51fe&ﬁ@ Silrh Ghrougif ilxﬁh @f@d’murflﬁﬁsﬁd’ sufﬁelehﬁg pemetite tht) ntaterial to
nduce nore_ conpl et sl i nking E- bea
ingiisaReIP GOMPIET VP B0 ORERNEIT) ETQUT DD R gradiaed
af@ﬁ%é@?%{ouﬁ&%ﬁ@‘%[ﬁ' ease |iner 340 can be renoved from

using a take-up roll 329, and the lanminate is
r ol I'Hsk wfeasriineraare aggeally aoelet v@ﬂﬁelmntsawcbtaﬁ fnorgabemicals

h f |
orsiioREs, diesaaier ot PaBtugr o LREETES OPRE R chily
Jrﬁﬁc?&ﬁe%ﬁczﬁﬁm%ﬁe ShukthBl: kledsd ﬂ1hb1@ﬁ1@clﬁﬁﬁjpzip6rs Polyolefin films, or

sufticiently crosslink the thermall ébconductlve
pcﬂyﬂsm ifims t:mtcxhyitb stliconereldaperniesigls. Bokiolgiiafilguanatnot require

re{;g&ee éﬁgsswgary lflsreg gvdfche %@yl{: Ot{as% r%é%%ﬁ 3 %:hhﬁﬁ% gc%l‘&asﬁ@é/ Bemples of

coTMhéRRES ab Silabid ﬁ}@ﬁ@@bh@ ﬁ?mﬁ fiaée atAIm?onﬁsatMKavr 51hc0ne release -
i nduce nore conpl ete cross|inkj ernativ

PapEM (@Yﬁalahletf@rggg%s RiveREP-atldd Smy n Riviger r%‘fd\?ﬁfg h’éﬂﬁ El’éoand

sﬁa{n% réle?s%g) g&@ S@%%lgﬁ%g i'bﬁjaefb?xény PLYCRIW WndRphSbparex, Inc.

as fluorochemcals or
(Willowbeduks IL ok pmx:am;at B:,lea!sb &er@hatemknm byithe dpsigagion 1-60BKG-

descri bes_ | ce ene or.oche
137, gespRer cg@pga%(? gliﬁlfa LPanet gﬂﬁx%nvg}tge%; (#J ﬁlilgorbe rg]é:rage surface, is
a\%ﬁlaylg i) DCfP' 1.5a. Ofher E@Jey 85E Bearhi skdbe, coRbchant frée release liners
I'Tcone rel easé materials. Polyolefin filnms may

aneeat{somsdul methe aszenmtsuqhg@ therefdesariber i fas exapple; Eenéggéés

PRl Py R 2 PSP R on IR 85 fep SE100s prplication
are ’f@pﬁhdé@w&)l rble@@}ﬁoﬁdi‘h@&ﬁﬁ to et Semﬁm&l thaﬂfllMs of the

from Janes R ver I si on,
inmeRtion, th@)th%FHHﬂIY§Pll<ihl§§N% ﬁlﬂ@ fé%.glen ﬁéD”@“éf‘ée %&ﬁﬂ% é‘?foand the skin
1
c%%) %QXR\/\;O ?ncﬁt@ >i'ﬁ_ﬁgof t{&) f%fr?lt‘f‘fllgéx& al@%]i;a{ét g@g{ %:é%oeeadgﬁ% grtld/xl)rse astic
nk&rofberbyn &zhﬁdm}mglt@mmhnmﬁactﬁﬂﬁg)ﬁié@essﬂé?c;nbad Seysay. The individual
cal endared Kraft. paper th a water-based s

P Bhe ypd g, POrEBIAlL RBra s Pt Ress L ey i adnesive
p{)l&gig;? rsn%{rlearﬁe&}anf%tdQH kiR mEQMAIRaM of h8¢ilme TERE®een found that

suitable microfibers include those formulated according to the teachings of pending U.S.
Patent. Publication No. 02-0187294-A1. In TIMs of the invention, the microfibers are
unbroken for at least about 0.5 centimeters (cm) in the machine direction; in other

embodiments, at least about 2 cm, about 5 cm, or about 8 cm. In another aspect, the
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are al so useful in the invention, such as

t hosedescri bed in, for exanple, pending U S. Patent
w@uskilessst on No. 02- 0155243- Al, assigned to thBCT/US2004/010350

assignee of this application. To provide stretch

rel ease properties and to further reinforce the TIM

| L Mierofi Rkl Rarhbtenof 0.08t0 5

B T
miashhesérsaypichily froml Qb hinderomptse and Berppegt ratipdiapissthe ratio of

th%}lggtglthgg ,rtk;neré@%tgr%lr?gﬁ% s%@%g&éaﬁla c%ln%@%oisu ngglg)glﬁgfggg ét%aéef‘than about
pgrein. The individual mcrofibers are individual,

substantial 'y continuous, and dispersed thyoughout th?
adhélievferegpinig\ramKTH#EOR PSOCATHF2D OP SRRBKISASOthE aRRE KT HEo-1ayer
direction of the fil ] ine thr
e 5P aoies aRap ok RReREH 1g Bi8Red fRties having three or
m&e 9yt 76 dxaniphe 10680 MiyegsorafopEbygleqppinSdie3X 4Reitleat .
Publ’i cati on No. 02-Q1872941Al.cin TINE,of Iq% : dlavered
appropeiatei foed blople ORDE MENE BeRWtizaBed ghbrgitsmaptpld ie. Mylilayer
out. 012 GERL - i 5 N8 deickiBed bisuie, to th
mﬁﬁeso%%learlg) %n@r%%%?%aﬁf %,Hﬁ%tmqgeagg%tﬁgglgg é?_’r.glcm about 5 ® e
filéiTor & aBluhe &-extruded palyoteh tayersfiee the arfidle exigs dig314. Other
2004/ 108852 PCT/ US2004/.010350 substanti al ] y. .
teghmiques yeueh sandegsshEriidg 8?1%‘?“&|°P§P%\L}2‘e&a &?%‘H‘? articles of the
i Iﬁ‘fg;'ﬁt i 40 sRate e RS S0 00BRBAD YO {richer) @r thin (that
]n?% ﬁ?%?gﬂgg%9§gndgtﬁg aspecthrat?o (thas is, the
isy@0i26 nodh (O0M@ idche)t.h to the di aneter) of the
substantial |y continuous i crof.i j B di
aboutte havet e Fenpu gy Ph b & el AbpReBins, Mhing
2GS AN dHGHRMYS R1dchdhicRarNBeditaltapptidagipas. TheEMRO the invention
comauct i ve adhesive article is produced, or to roduc?
aratypieilyishd (6 jRip RrRgeseors and pRIpROIER(pdP Sogtdisinaling ivaces (for
10- 100 | ayers, 9« PR | 211 3LAmW bB t:ARred to meet
e %g‘ﬁﬂa Sfaggaprg?cc[)e@] q%‘?%g%egggis%ﬂgj %rtﬁllat [ -.\i‘&aned .o?e aOmee
thedktoandedt tholiebirdd epplidatitns. Speciéid examplies bEappdiaaticals declude
repared by |am nating additional layers, .as .descrjbed
o5 1 Rkl OF 15l PFALGR QBB R AL R GTETEF GOUGR spacers,
mgpgeéﬁﬁ{s. Ui tlﬁefih%ntibﬁ EnBiBel G FofStadnsplélidee ditdo a0y anension.
echni ques which can be used include pattern coat | ng. i
The IThyefefisiesiaf thhenhotlindnss obfhe nveniion avet fusther JHspated in the
thick, that.is, reﬁ%er than or equal to 0.25 nm
flle VRO HAMEDE BN (that s, < 0.25 nm (0. 010
inches)). The TIMs of the invention nay be used in a
vari ety of applications, including 15 aerospace,
Exampiest i ve, el ectronic, and nedical applications. The
TIMsof the invention ' hdl dbt tto b
or oc 40t plt 351 nE Ry P A R lort S Sty A bt meant o e
Lifdi@kg ore¥RPbR, of Mieddppehdudsclaing. syt patepsyentdges, ratios, oic. in the

properties of the articles may be tailored to .
cxineplaansas 55t of We s e AU et hgreess SRR ihervise.
exanpl 63 té)sfrt| nRRRds 9@% E)garfﬁpléﬂ?él&g,ethe %,@ ld¥Berls@E $typically the
eets, vibra

pads, or S ti‘on danping articles, tape
1hgaliargsppredaketexcers pache width wherein the width was measured to the

accuracy of the cutting tool.
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20 and sealants. TIMs of the invention may be cut, for
exanple, die cut, to any dinension. The features of

w0 b@4ao83szli nrent s of the invention are further PCT/US2004/010350
illustrated in the followi ng non-limting exanples.
Exanpl es 25 These exanples are nerely for

TEr'ngL%@tﬂ%bge pur poses only and are not neant to be

'ng on the scope of the appended clainms. All
Dgmaity snd Feidc¥éolumges, ratios, etc. in the exanples and

th t of the specificati i
| nai 5t s HEFRDES ekt AL ST BB St BP ) Mothod for
DARIP WA SPRiSACRIvay (REIAS DBSsify) YPPastdsbytisplatenmgt.h)Samples

are” approxi mate except for the width wherein the wdth
wera sutTBtesappeekimateliia 54 gm x84 pady ieh @mes binch (Y speeimens and

-.19 MO 2004/ 10885 / T g
W B PRI e A i BRRC ACZR SR Toledo,
GREeREE) S\Git%e@lgﬂcﬁT’Mg&cﬂﬁﬂe 86 cicht wmlﬂamwasﬁﬂ:ﬁain%bjn m&tailmmg the mass
Density an pecific Gavity (Relatlv nsi t
of prasertdisplacsg atyoop) GEWREHIE <2%§§fb/ﬁé§c§- i)é?DﬁU%YaPXB% ?f gach sample
' i RGA1d0bE)) THe den
o BB B Ao e b by L) e ek Do)
kAR 6 ASmMRdR!idAERH RS bii tabdueing cleatbasity of
O%ﬂ%%?gﬁgggg%ﬂtzerl a%d. Thle vofru?re %?mggch sarr%l e was d
watht &i23¢€ thpedeAsuri ng the mass of water displaced at
room.t enper at yr.e (23.C +l < .
ool RGeSl rop AP SRt R RE ahe FRER e
fogt&,%{:,nent for the balance. The density (Dreas.) 10 of
R& anpl e was taken to be its mass divided by its
buoyancy, Dagst bt ognpisétichen éi¢ightafercentiadhesiae cOBp@nbX Bhneas. Of
1 glcc. The theoretical densifg%(Dtheor.) of the_ .
adhesigo somparenieis(veaghs paicariditst T CREIPORGI Kddheqy; Of first filler
Dt heor. of conposition = [ ercent adhesi

cm@w@ m(vg@gbﬁg%fg?nt@con. gﬁ]\gg I:I%tg{) 03 Pilages )seq_on% filler
céx;ﬁé%gtb I—l-lp(?vrg?g%? tgg&%{}ﬁ@ﬁ% %iilel;‘_rec{o\g@%gx‘%i r;(pelga,&é%% Jg'xz@gf%lg? fcomponent)

tfi Il er conponent x Dtheor. of second filler
eS'orrponent) + (weight percent third filler conmponent x
Dt heahd fi@dkn thiy, petcéitivort volomapas edtylatedtfmm:And from

this, percent void volune was calculated from 20
Dreas. of Conposition

% Void Volume = (1 _ Dumeas.of composition ] X 100

Diheor.0f composition

Viscosity

The changes in viscosity were measured using Rheometrics Dynamic Analyzer
RDA 11, available from Rheometrics, Inc., Piscataway, NJ. The adhesive was put in 25
mm diameter parallel plates with the thickness of 1 mm. The data were plotted as
complex viscosity versus temperature and shear rate at 180 °C. The viscosity at a

frequency of 1 radian/second was reported.
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% Void Volunme = 1- x 100 Dtier.of conposition

Vi scosity The changes in viscosity were neasured using
wok@airessst cs Dynami ¢ Anal yzer 25 RDA |1, avai PebiUs2004/010350

from Rheonetrics, Inc., Piscataway, NJ. The adhesive

was put in 25 mmdianeter parallel plates with the
H EI ck.?g§s of 1 mm The data were plotted as conpl ex

y versus tenperature and shear rate at 180 C.
The Thi Sigiolsicsy ofdn aticlt (aguedsy cof (115 indly 3rdsse 6@ injpgample was

d. -20 2004/.108852 PCT/ US200 /
RS R s e T M
c aﬁg Gdomd tha g@g@éur%u%ﬂle@ BriovbeR tHeinpiediial tRe Wass. Addtoraddieces of

recor The sanple was then lamnated to a
ariidle @amplel wereglaaimtesbindhe fissk antigle in sheesams raensiey utilafgiah gickness

of AH{TF‘Stt %égtaqm b(? g@l\@? g']ag g eIHE lllgslrggSlfugg v‘?‘eg%{%%ﬁgsr% Tﬁgteé g\/Iodel CVvV

Stﬁr&i ddaedrbfler Q‘Sl%é gl £ST™M ]Di’@l(ﬁ@zﬁ%emﬂdﬂe ok Share fistrainent Mfg.
I ckness | east 34 ¢cm (0.135 in

Caadii. &xezporwmgtha llsﬁélr@fdxl%ﬁéﬁ’é‘géf%gleé t{”fv%f’dléiwaﬁfi?ken at three

Stand and, Dur o M PR2AR: avai |l abl e
log3tioRs & 57<b Sfiﬁlg pd%n%ﬁwosp\‘é@g Iﬁega eeport NY) ,

the initial hardness readl ng fromthe i nstrument was

taken at three |ocations on each sanple piece and

StatimShkeay §irength Wate aver aged. 10 Static Shear Strength
Testyh 2 3 (C1h bifle b hudh %51 ABOLD 16h b8 ids Eutifithn the

| ong sanp cut omthe articlé to be tested and
arfile $@Bﬁte@lﬁﬁ an@pmsedemo asaled-vashes (vas wagl ofesstapgdollowed by

s v Bene) 5o AR ED £yl B30 e P B8 15 o4
stacﬂll%kmtgﬁ SuthaR! aﬁélba?xﬁrtﬁ’é ﬁmﬁﬁé‘ Qlas aé’iﬁerta@ 6n %ﬁﬂ'@lhcboﬂlvhs panel. An

center on on t he "panel . about 10, 16

atfodt 10116 Luor(g uwom)bw bt 3785 6im <(112525> witle i G1R0F5, e (GBiYsin) thick
Sk\;ﬁtso(fgﬁaq%%%i@d)&estq wa% h?ﬁéf%(? F [sé}ﬁn% %2 lr&?ﬁ% gﬁg&:tfﬁgbnmed side
otsthg ?oly@&fteﬂﬁlm b Y}%szaﬁipla‘ mdn[g ok (4.5 éb)s}mmphzé)balsnoﬁgr av@ two

4°5 |1 b) hard rubber roller H)E %ga se dth
p@aﬁﬁhn @acrhed;rqctmn, taking ﬁ?ge agre tF?@ta“m? }eégoté‘f %P ©
saébl%ie o m[h( %J}? ){1 chh(? 8PS BEBb S est¥y filkh SRR IOMENE binel to

e polyester Tilmextended off the
sdda@ a fab. The Ia\minﬂs oa theafmnelTwes thamiwido @ 20 ¢rhe(1ghkipklength so that

was then cut_to a 2 )len t
hegs e Ronhtgt s 2ok 3.9 g n5r B s Bt o' oy a
w:!ls &xeh Rlde Tﬂ%uﬁ? & ufRshidr LI \ﬁrﬁ%&)ed\/\ﬁﬂl inﬁﬁﬁng de,eﬁhdataspleﬂd;o that a

riangu clip, wapped maski ng_ tape, and

wsigaptcaﬂd boattdrhed to the test specimen. A 1000 g welght was used to test samples
at room temperature and a 500 g weight was used to test samples at 70°C (158 °F). The
sample thus prepared was allowed to dwell at room temperature and approximately 50%
relative humidity for approximately 24 to 72 hours. The test specimen was then placed in
a Static Shear standard fixture having a 2 degree angle back slant. The fixtured specimen
was then either tested at room temperature (about 22 °C) or in a forced air oven set at
70 °C (158 °F). The elevated temperature test specimen was then given a 10 minute warm

up period before attaching the 500 g weight. The test was run until the test specimen

failed or 10,000 minutes elapsed. Failure time was recorded.

-21 -



10

15

20

25

30

wei ght coul d be attached to the test specinen. A 1000
g weight was used to test sanples 25 at room

wo eovpaosasur e and a 500 g wei ght was used to t eBCT/US2004/010350
sanples at 70 C (158 F). The sanple thus prepared was
allowed to dwell at room tenperature and approxi mately
50% relative humdity for approximately 24 to 72
hours. The test speci rren was then placed in a Static

TefkiRaBrealt Snetetidarid & shgMgttwddegr ee angl e back

slant. The fixtured s men e
at rGBHIcBAS gta?newegg%mmgfzi %S)Cérdgl{ge Fff‘or cec?e §§a Standard
Te@t\’lﬁ@th§§§ foRbvuRQnized ﬁuﬁﬁé&nﬁ)rheﬁh@plate\mmnae rxparsmmr @ silicone

test specimen was then given a 10 minute wa

relpaellmdr W@f anpéeétct &lé lsxpepet KerfmoE! ghatigls that ?Heaqygﬁafl ajiper on

h &
o B e TR T PR S5y g o

tes%qr t/oLi’&t%Q Qﬂ'/tél_)sl @%)&?nl\/g%r ﬁSl%hﬂlﬂ)e tl?tl&&ksl Bhy ma@uh:chmd}?e center of each
ongation Tes 0 ensi i

speimen ftingan AMEY gy hayinggriorssefd: "oBal Epdiaded Ot 023
1n§é$1‘§1£1?%§fe f2'T eﬁﬂﬂ:’ &6 \Bysbﬁk%?ﬁ% ad tﬁ@ﬂl@%@&ﬂdﬁmns

rs -Tension. 5 release |liner was
appl i ed tlawtGg: x§bead3Sunf ace of the article that

already had a ||ner n | e was cut
usi ng Di eCTEsﬁhﬁadcﬂ?eﬁ’agﬁ Fﬂ?m&ﬁ &@d?@dﬂ)aﬂ)om the article
to be t%%ﬁ%ﬁ%ﬁﬁg'ﬁdd‘ﬂ%)teﬁ speci men. Sanpl e

t hi ckness was neasu In the center of each  specinen

usi MheainitAMESgg dangth avishgt 389 emd@.53n) By sepreptipg tas iggtyument
d 0. 0635 0, d
cBRp e e i ne A S Bhs 8hzory BERGl e jaws o

thgtaéﬂ aﬁgﬂ)xnﬁatg %q@ir‘lér%t@oﬂ i ®S§lilﬂ&dy Sthqdw Fhecathpierwas tested
Load cell: 4 (100 g initial

atgamcgsehftaérfﬁgtdﬁl cwasé csmin{ 2o ﬁmlgh%sqrml fPkeop Brghedge
t he i nst [ yne c t d
AL SRA cedctﬂeer eg&ﬁg??lzd ontar 'y 4 }gcl)}t \?\Teﬂgﬁ&t%lg sffg&ggg grgp omne
(ah@ ldtél‘&bn%itean@ kﬂdgrﬁms)sarﬁmlahgahem distanoé werermeterdedh s Thpapegcent

elg@@@@y eag gsfajs gl;\{egﬁm-rh gql Sh? gpgéglpvﬂm eh?eﬁgtﬁxﬂpda Flfas%awge ﬁ%ﬁ)pel 13&%?%% distance

tll?lE:S (gﬁcﬁlg%) tr@;%} RS R R eg ANy Rire hbted %@QNB@gédﬁMpﬁwde the
e tensile strength in pounds %F

thhc&tnesrs Perinlanatl gRbak Stiesd, Bgreans(fo)avithimpidiegh Sisss, freakdnagd, % Strain

wer e ecor de he el ongati on was determ ned
atdyregfy. nﬁ’fgﬁg"‘tgﬁ P‘Hﬁ%iﬂﬁ}%blﬁ di stance by the initial gap
di stance 20 tines 100. Eleven replicates were tested,

except wher e noted and averaged to prOV|ge t he
eaksStroPgtl angabep katd; Y% strain

2 RS P BN R oo an et cn
(05 ﬁﬁgﬁﬂé Bfatict 1Break)s i king(sMapleosksldu) in the machine direction from
the article to be tested to form the test specimen. One liner was removed and a 2.54 cm
(1.0 in) length was measured and marked in the center of test specimen to provide the
initial gap distance. A 2.54 cm (1 in) wide by about 7.62 cm (3 in) piece of masking tape
was placed across the TIM by positioning the tape edge on the both marks so that the 2.54
cm (1.0 in) long section that was marked off did not have tape covering it. The other liner

was then removed and masking tape was wrapped completely around the article, making
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25 A silicone release liner was applied to the
non-liner side of the article. A 1.27 cm (0.5 in)

wowae/18gsabout 12.7 c¢cm (5 in) | ong sanpl e was BOI/USI004/010350
the machine direction from the article to be tested

to formthe test specinmen. One |iner was renoved and a

su%htgzllceéérihe (n;as&nfgg%qel £RALD MBS (HPASHIE cﬁ“tx’éﬁ&b&@ﬁ%@@d |tcﬂprevent the

ecimen to provide the initial
sa@x@& fddrs aalnging téitli ]NS'RRﬁ)Iﬂ jawsyndwirdecnbihespmpte fFom Dregking at the

(3 in) piece of |n a Iace
pomim e ISt CIAGHER By CHa R apbe AOST O HE Bobh e fefwine
he 2.54 cm (1.0 in) long section that vvas
cowﬁég% of f did not have tape covering it. The other

liner wdawt@Gam 2.8howndd.0and naski ng t ape was wrapped
conpl etely arou C -22 WO
2004/ 1088%? %beﬁ‘?mg;%“fgoz?g %’3’1 G elHJ?l keep the

THREH s ?&1151919 ®adtted posisdiashd NSERONGhws sdthat ﬂmpmsmd up

used to prevent the sanple fromadhering to th
witiNgERASE pﬁthe masking tapre ribespEPards (&S84 ¢ pehgacpest of 254

Lo
cr?ﬁﬁgrr&@ n %(Elethé ks 11\9@2 bfcijk@n?%? t%)vév}l% gx%alé gﬁg%t}%tl?_glﬁ%eak load was
1eé&%d33fpou3d§€hnﬁ matérlcoavmed Gikile ghemdl atbe evigatipb distanet wias
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25.4 mm (1 in) wde sanp | am nat ﬁ nlg aﬁgl The

palsester fil, tingarg pdo 5913 a}s &HP 12%bféWﬁ?ﬂ %‘i £ ihe Higs-
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pdi8prdchad phite), sol tBiighe Th a6 G4 cctiberad bﬂyhek;mnel wtt]am@artmn of the
alum num panel or a sol vent - washed (} hr
laminate extending off the panel to serve as a tab. The ammate was rolled down onto the
panel using a 2 kg (4.5 1b) hard rubber roller, with one pass in each direction. Care was
taken not to trap bubbles between the panel and the laminate. The sample thus prepared

was allowed to dwell at room temperature (about 22 °C) for about 24 hours. Then the

sample was tested at room temperature (about 22 °C) for 90 Degree Peel Adhesion by
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25 washes of isopropyl alcohol), dry 51 nm (2 in) w de
by about 127 mm (5 in) |long polypropyl ene panel, so
WO bas/108862 | ami nate was centered on the panel wW¢TUS2004/010350
portion of the |am nate extending off the panel to
serve as a tab. The lam nate was rolled down onto the

MAERR NEh (85 o pgﬁlp?t)&%fl]é% ool PMERbE B WaDSEm k] Sinelsy@dsBribed

i‘rection. Care was taken not to
belokv@p bubbl es between the panel and the |am nate. The

* empdsibidiie amopieasns o SpOC gl o Opfymin

MABY Rhdcal. (A 1 22uEpbthmed from
us%%%ﬂ&%f*éé%%@fﬁﬁ%&? e B e, ‘%’6%%5 "

thd:’ﬁ'ﬁt QS2eRYOMLBS Eﬁigthmftphddws lgn@pd p&hs pred ypiue RE theAieat 398 cm (2
. or Method,B (f
i he R G Sl BT BE B VERSEL et el hgrcs
peéloadﬁ%éﬁ Mﬁés%fltﬂlegwﬁmatw ng an | MASS tester fitted

10 I b) load cell. The peel _ yval u

obt M By Gihe: sampliavas tpSied . 55505 R0 SRR %/ min)
usF@ %I;Qﬁgr}d}?g Ifﬂgtrgg fesh¥ ?ﬁte& %‘ﬁgl ég‘ k {}%O'Tﬁ)’%a@c@ﬁ ¥ peel

rea  was rec e vdl ues
vali iR MehehafirsaV.ey age(0d in) kegibnifegelayadgngreél The peel value

adhesi on val ues of three replicat
of dlagrpsixe 8ham (B8 i) Pr apeed At5ds W@%&Cgiﬁgad Tjéivng gﬂe%WPPr&%‘F Y% an
in/m EQdhlicegter fitted
AER Ogehfé&égﬁ%fgﬁé{ %ﬁ%gﬁ% (I;mﬁlt'lgheébpeel 10 val ue
obtained fromthe first 1.27 cm (0.5 in) length of
peel _was ignored. The peel value of the next 89 mm
Mﬂéﬁ@&%—t peel area" was recorded. The val ues
repok 8% Wel ©.530) wika2Re R (516) lonf egipatctupaein the test sample
adhesion val ues of three replicates. Stret ch Rel ease

suﬂaﬁtat iifs Iéngt2 whs awh i Ohesmpehine dligpstipgy of the SHPIES i n) | ong
| e n g ﬁmg}g{g S %g&ﬁﬁgﬁeﬁgeﬁgg tm&la{g%)emé Ycfyy fxﬂl?\ (5 tn@@on% aluminum

I ne rectiron o he sa
Qs Phfid] Rudteal BBTsRRtess dpproxihiieB 01635 anu(ms W) depx  o0ST the

in) long alum num or gl ass ch t hat
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he f o chatadt Bary
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theang) and@as pansh st twak dosited teat00® crmsdchbernchdevedut of or
contact_ between . the s and ane|
desi PEdlalyat sHIPFERTR Bﬁffg tﬁé@@%i%@@ﬁm@ted ﬁtlon%qﬁe other edge of

th%tg;i]dsgof%lﬁ [g?gbgge@r ent exanple was | am nated al ong the

the glass or al um num panel. Then a
secofiberd a i;eeopxhhbet panehéhatiis aluanighingo meam%g}ﬁgMo(ﬁlass) was

lq?ét?d é)lﬁ‘?? ® S{(\ih\gglsfglﬂageln z*%r%%&?g (SLJ at% %ﬁ{rgﬁ/ %18 %ﬁlfbeléﬂ?etween the
st*ﬁ%g Weethe k&®nd panel. The bonded sample was al]owed to dwell for between 24
hours and 72 hours at room temperature (about 22 °C).
The free end of the test strips were pulled by hand at a speed of about 30 coy/min
(about 12 in/min) in a direction substantially parallel to the panels to initiate stretch release
removal until the bond failed. Only the glass panels were visually examined for the

presence of residue and the failure mode was recorded. A sample was rated as “Pass” if
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strips and the second panel. The bonded sanpl e was
allowed to dwell for between 24 hours and 72 hours at

WO owailbssaper at ure (about 22 C). The free end oPCT/N82004/010350
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cmmn (about 12 in/mn) in a direction substantially
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"Pass" if -24 WD 2004/108852 PCT/ US2004/ 010350 there
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snal é 5108 e \ASIZ@%NA@?%‘%&J e 8nhB&et MR @ﬁ@tbﬁﬁsedm a 10 ohm
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re%%g Fises ‘Q’Ef) gc 258 B arbh §AB8EHEnT . 125 P@hcK Mz&ddask

tr nlcs MP930). A small hole was drilled .
Eledtromikg MPO30) b ackmali holhavas dilled troughithe hrgkeas theyresistor into which
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IS n €1 Su
(such B8V fieal ARALE BB PEIR L HeR st ber supoly 209

(sGeH dsIMdwlatn Basialrd BE61 ](ABd)Iyeiettmgdhw mmftnt and _V_@tagg |(E‘(azg@)— current x
vc;jrpagﬁzgg@:sgm%fgstg %gt 4 508 pi%:&d %ﬁpqs&@ Fest surface 509 and
bét@é%}l tgg g'f'n‘? 'heﬁ&daﬁd"tﬁe E&l'd%lﬁﬂuﬂ[ﬂn%‘d”ﬂbl&ktS 10} @lkedSBhOunning cold

y runni ng wat er through a coollng bl ock
whiki thratigh acwioting bklck rsn bcuzhmdd test Plockbedu giesmgaoipieotl 2 for

d T
n\ﬁngsi‘us%é%%@mﬁﬂg Breperiie, Jgﬁpere;fasfﬁéﬁéfe waqyed B uf B B Mmperature
t‘gﬁ% reﬁhs or%ag a&lgwgﬁ’ Egeccglq fobH Mrend; §1’e§ r488 T Rvere

F ecor e I npedanc
re‘éﬁﬂgg %n?c} e ik Q&’én@é‘ had &Qldﬁ@tﬁﬁ{ycﬂaﬁﬁhldt&i d&SEMl@ {b1ATMST 014 using

ovmn rel ationships: "A = area of thin heater
theduibowinrelatimishipge x current supplied Rate of heat

f_I l[J))éf‘t aar??.%@linzéea%’l ta T Th-Tc Thermal resistance (R
Power, Q = voltage x current supplied
Rate of heat flux, q = Q/A

Delta T = T},-T¢

=
./

Thermal resistance (R) = Delta T/q
Thermal impedance (Zypcorr) =R X A

The thermal impedance was corrected for any heat loss off the top (horizontal)

surface of the resistor (but not the sides of the sample) and reported as Zcoyr. -
Zcorr. = Zuncorr, - [convective heat loss value of the resistor x (surface

temperature T, of the resistor - room temperature)]
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Ther mal i npedance (Zuncorr.) = R x A The thernal
i npedance was corrected for any heat |oss off the top

wQ@ bonilassst al ) surface of the resistor (but noPCT/H82004/010350
sides of the sanple) and reported as Zcorr.. 30 Zcorr.
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extfudmganaeglia at didifepdne tltldmbﬂea pnbyleéhbinmg melkipedaress aka single

The data t hen otte al,L.ow n
ay‘gﬁ V\ﬁg? r?ﬂté]i@ s%ﬁs gatgn /s égth.? : %o%tgfl apb&zﬁlgnfor a finite
vzﬁ@qot{%ﬁe RYQFRET GlpRRnad) BHY QIolt BiethodZaf bt expregsiet e bif aqation:

15 Fi gure 6 shows pl ot of ther mal inpedance
(Zco.) versus t hi cknezsc:bn(F)thercep‘rbf resulted in a

e quaFISHiS CARPE ATt FRERHLIESAIE Cormd CESH: @gﬁ%p&ss (T plot
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intgaxiBrceMaluesacr yl at e O ive, NJ AA acrylic acid acrylate
nonomer BASF Corp. |10TG isooctyl chain transfer agent
BASF Corp. thioglycolate KRATON Krat onTM D1107

styrene- i sopr ene- siyis@RgIshisBEH tKIEXaRPIRO! YITEr S

Component Trade Name Description Source
Adhesive
2-EHA 2-Ethyl hexyl acrylate monomer BASF Corp, Mt.
acrylate Olive, NJ
AA acrylic acid acrylate monomer BASF Corp.
I0TG isooctyl chain transfer agent BASF Corp.
thioglycolate
KRATON | Kraton™ D1107 | styrene-isoprene-styrene linear | Kraton Polymers
D1107 thermoplastic elastomer U.S. LLC, Houston,
(nominal molecular weight of | TX
229,000)
Shellflex Sheliflex™ 371N | refined petroleum oil Shell Lubricants,
371N Houston, TX
Irganox Irganox™ 1010 antioxidant Ciba Specialty
1010 Chemicals Corp,
Tarrytown, NY
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nmol ecul ar wei ght of TX 229, 000)

rice 371N Houst on,
anti oxi dant Ci ba Speci alty

U S. LLC, Hou

ned petrol eum oil
TX
1010 Chem cal s

Shel

st on,
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| PCT/US2004/010350

I rganox |rganoxTM 1010

Cor p,

Farryto WO—20047T 17US20047 010

Co&% Sheht :’I:r %Igaﬁ% Descrl p:ﬁlégﬁfpggﬁl ce W marsg&lme

Wk acKvhEhelsMpaek  [ftpekifyingaesin (forinahal CoGggdysar Tire &

Pik re & | Pl U_S nunber dveiageaverhgombRrulRubbet R@bber Co, Chemical

Chemi ca] Veéi ht of 107»0%%@@1:)0021 _Akr on, QD1 iron, OH

IR Sindmizgsg O R¥nexy-8L ba Speci aj CybaByRcialty

P@R LR, 16 S cl ebtbiopigas |11 VA Shehidaicon
VAL len BVﬂg,flﬁgcet Lat 06535 gi thick heaﬁé}aﬁblﬁz y of Dallas,

vinyl atetate Filler |8 Fﬁf‘e t(% TM pol Y lrEignyl ene

ether, powder, GE Spelc§oppyper TPP857IM Tg 165 C,

Mv 6300] specific Chemi@ﬁll@etﬁ%c, gravity 1102 /cn8

Fil& gant own, W Exact 3040 Exact TM 3040 ethyl ene-hased

BREx&Ne Epxquabbi [ copmilyptenyleneaihagpowdasi || 6 Bpmeiadil

HER %’(Enﬂgqsghg st L ength 16MR), Mwlo3WBaspiitist §1Cheficals7 BE,

S AR T 1 R Al

EXcpeo ;Eéﬁ‘g,m pedk ne a‘f‘]ié E%ég bii Y
copo ymer nomm tensi e emical Company,
yield strength (MD) 5.4 MPa | Houston, TX
(780 psi), tensile break
strength (MD) 51.6 MPa (7490
psi), elongation at break (MD)

460%, MI 16.5, density 0.900
g/em3, peak melting
temperature 96 °C (205 °F)

BN boron nitride thermally conductive filler, Advanced Ceramics
hexagonal form, theoretical Corporation,
density 1.80 Cleveland, OH; now

known as GE
Advanced Ceramics

Al(OH)3 Martinal ON 320 | aluminum hydroxide, particle | Albemarle

size 20 microns, theor. Density | Corporation, Baton
- 2.40 Rouge, LA

Mg(OH)y | magnesium thermally conductive filler, Albemarle

hydroxide theoretical density 2.40 Corporation

Example |

Acrylic thermal interface compositions were prepared using varying amounts of
thermally conductive fillers.

Preparation of Pressure Sensitive Adhesive A (PSA-A):

A pressure sensitive adhesive composition was prepared by mixing 95 parts 2-
EHA, 5 part AA, 0.15 parts IRG 651, and 0.02 parts 1I0TG.
The composition was placed into VA-24 film packages measuring approximately

100 mm by 50 mm by 5 mm thick, immersed in a water bath and exposed to UV radiation
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BN boron nitride thermally conductive filler, Advanced
Ceram cs hexagonal form theoretical Corporation,
walensilogssd. 80 O evel and, OH, now known as GE PEUVSI00€010350
Cerami cs Al (OH)3 Martinal ON 320 al um num hydr oxi de,
particle Al bermarle size 20 mcrons, theor. Density
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con trve I er | benar| e hydr oxi de
3980 @Otset(P):al tesdﬁhancbgdu% WOemqﬂmdaahocm Thig adpsisveds believed to have

Acr lic ther i nterf C r d
e Nt iR S TIaoRa 197 D B i L ARR0RE! e
Pre afi.on of Pressure Sensitive Adhesive
deE\SIkyF’gﬁA}%ﬂaspggégur e sensitive adhesive composition
was prepared by mxing 95 parts 2- EHA, 5 part AA
P015 parftsIRG 651 and 0. 02 parts | 0OTG The

, ! 2 a VA- 24 fil m packages
i‘ltgA '}gwggpfé[ig& d¥ior? J3D¥NA cBbtating twin

nrer se ath and exposed to W :
scfeaﬂ batidenwith 2Gur\WorR QW@trib@ Bﬂsﬁleﬂcﬁa WS 00n sBEBISEW gyruder

RS ONEC TONTER N T
36 SR dl*efggmglﬂ/ {ahetRidIRe: Abpuatied M 'Satﬂéihl‘??drwbyl \ﬁelght as specified
u

eI i‘ev have a wei ght average nol ecul ar wej

1n(’ﬂ‘ﬁﬂy)e DperdlfOparty b petmdt dHPSh oA plus trymatipgondpgdve %@W&Wfﬁ added

a5 et Spapeiioatd s BA R A BRRER - £hr PEERTRaine tin scrow

eRRIAELIaSRES éﬁ%ﬂaﬂ%g‘&t a 8créf sp¥adcset pomad 209 rbwi (Iactuslcstpee/d about 177
extruder wth four ports (Werner Pfleider) vi

rpsa)rgittea staldlovesety @tﬁla{lggﬁﬁ@%ct]é{g {ngﬁxg}d)presm@ sensmve arlHHeswe

t enper tur e f
oGFRELLHE o RSP AR AP (D, 1o i

te@tipefd@eizbhadn ilie thabbaew ekpaddrsthb yermesirghie vaas sgpa;(ﬂ?,fﬁ €g(200 °F).
in Table 1 per 100 parts by wei ght of PSA-A S
Atshenural(iny eogaiiremi abeutf-77 Deir) 1R newkae/ed meisr @V yoRPaé 3

mtcHees <§6n$rg{ntgt Btv?%aqp%ﬁg%cf téx%o gexat}%rp‘?lr aﬁjﬁl %@ﬁ&d QnTﬁe Q:ﬁnperature in

(HRRBIA Lk AR bdAbiES Waw1 SPER (235eF) pad ik flekibROkbse pnthe exit end of the
(actual speed about 177
extruder were all set at 113 °C (235 °F). The flow rate was controlled with a heated Zenith

melt pump, nominally 10.3 cc/rev, set at 113 °C (235 °F).

The extrudate was pumped via the heated hose to a single layer 15.24 cm (6 in)
wide drop die with a gap of about 0.114 cn (0.045 in) and set at 149° C (300 °F). The line
speed was adjusted to provide the target thickness as specified in Table 1. The extruded
sheet was cast into a nip formed by two chill rolls (one metal and one rubber), between
two silicone coated polyester release liners. The temperature of the chill rolls was set at
7.5 °C (45 °F). Each liner was a 0.051 mm (0.002 in) thick two sided, silicone-coated
polyester liner, having different release materials (identified as 5035 and 7200) on each
side, available from DCP-LOHJA Inc., Willowbrook, I, as 2-2PESTR(P2)-5035 and
7200. The extruded sheet contacted the 7200 side of one liner and the 5035 side of the
other liner. The liner having 7200 release material in contact with the extruded sheet was

removed and the resulting article was wound into a roll for subsequent crosslinking.
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contacting the The extruded
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sheets with liners on botﬁ“§g%%s was then subj ected

Density, |% Void] Hard-| Peel Adhesion, Static Shear, Impedance, °C-
glem3 IVolume| ness| kN/m (oz/in) Minutes cm/W (°C-

(measured/ in2/W)

theoreucal) Al PP 22 °C 70 °C ZLIHCOI”I'. ZCOI‘I‘,

1 1.266/ 262 | 34 10508 | 0.186 | 10,000+ | 10,000+ 6.45 6.90

1.30 464) ( (17.0) (1.00) | Q.07

CE | 1.057 (b)(c)/ | 31.8 14 |1 0.583 |} 0.287 | 10,000+ | 10,000+ | 14.645 | 17.16

1 1.55 (53.3) | (26.2) (2.27) | (2.66)
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to gamma radi ati on as descri bed bel ow. Sanpl es

subj ected to gamma radi ati on were passed through a
w@armaogsocessi ng 10 unit (Research Loop of ProBE®smmi0€010350

Industrial Irradiator JS 7500, Cobalt 60 Wt Storage

available fromM D Nordi on, Kanota, Ont

CamaBar)sny,Ea % Vividp Hlerdr|elas] Adlpsian, hreaStatie heganmma él@s@ance, °C-
bet waganB1. (Valond@ieds (kikNsa(erfio) (kGy) Minneget dosemvBPC-
kG Jmeatlred/r esul tant article was fhen tested f in2/W)

=

phy gec@ticapr opert il es, aTg autesy v Zooms

aberties ccording
1271

CE a9 Bfsa/ i-ﬁlﬁﬁ@ A8 50872 0025 L
1 (1.97)

Nt

2and Caompartai ve kExanpl@s.4ld3iem@s
0170\ : 4g}gg,ﬁ—l_\.ﬁe-l—y HA
CEr'nbllélﬁ.(b)TaﬁoIZ%-% Dehsli $4P8 460987 o 13.10

0..70. - K rlasnp
(2.03)

3Stati g gghear, | nmpedanqge7.3fci (@sLM
(o0z/in) Mniites hrO/\ IJC- neasu

thé@rM|%wt)tesmd PP 22 C 70 C Zuncorr. 2corr 1 1.266 /

90 1.30
(@it Moy S ae Pl i fep) 73078 14
0 533A0 D1 rdlBas6d Grhtet Qf O QHe thétapbrbburd 7. 16 1 1. 55
(53.3) (26.2) (2.27) (2.66) -29 WD 2004/ 108852
PCT/ US2004/ 010350 Density, % Void Hard- Peel
E Ad Lon, Static Shear, |npedance, C g/cnB Vol une ness
24 “©6z/in) Mnutes cn2/W (C (neasured/ in2/W
th@@g td théiimal MterPide 28mbosifofts Wt $edpared4EAiol varibhs thedRAly
/ 31.42 18 0.508 0.175 10,000+ 10,000+ 11, 355
con tqu_ illers.] Eggh qaampagitiop ves@pated aV@)vel(a}J_t}gc@esng 1.317
(b) / 22.07 33 0.408 0.049 10, 000+ 10, 000+ 11.677
13.10 3 1.69 (37.3) (4.5) (1,81) (2.03) (a) NT = not
PreMbﬁ@ffﬁsdraSmlm N@heisWeﬁ(RﬁAe—B)(fi || er added via
single feed part) . (c) AL(OH) 3 rel eased ter, at _the
di & PTEPIET sepeiHue sihesixfrapmposiden et picpered Ry ﬁﬂmfﬁmg 97 parts 2-

EHA 'Bt;r%ﬁ-tfs @F@ ELTPARIRICPES, Wed 6.0 HERAIGFGUTHEYoNBbdiMP was placed

into packages 1mmersed in a water bath, and at the same time exposed to ultraviolet

radiation as described above for Example 1. Viscosity of PSA-B was about 2215 P as
tested according to test method above. This adhesive was believed to have a weight -

average molecular weight (Myy) of about 800,000 to about 1,300,000. The density of
PSA-B was 0.98 g/cc.

Preparation of Thermal Interface Composition:
PSA-B was fed at a feed rate of 4.55 kg/hr (10 Ib/hr) via the Bonnet extruder of

Example 1 into barrel 1 of a co-rotating twin screw extruder (40 mm Berstorff ZE-40, L/D
= 40, 10 barrels). All temperature zones of the Bonnot extruder were set at 149 °C

(300 °F) except for Zone 1, which was set at 135 °C (275 °F). The thermally conductive
fillers were fed as dry solids into barrels 2 and 4 of the twin screw extruder using
gravimetric feeders (K-Tron model T20, K-Tron, Pitman, NJ). Table 3 below provides

filler feed rates. This split feed arrangement was used to successfully obtain the required
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conductive fillers. Each conposition was coated at

several thicknesses. Preparation of Pressure Sensitive
W@\divedosss2 B (PSA-B): 10 A pressure sensitive apdtiEEs2004/010350

conposition was prepared by mxing 97 parts 2- EHA, 3

parts AA, 0.15 parts IRG 651, and 0.01 parts 10OTG The
loé@iﬁﬁ tesielsicf thedaw hulladedity ifilien padiditipasthe ivarRas&dp dBtaces were
€ sane tlne expose

kool s by S B et el rapiom e
colapokdeRBliwiphiy MAqFrbRBarRRPEGubE2ARNR éi%nv ﬁﬁ%\ggments of

accor di n(g to test mét hod above. Thi s adhesi
vapung pijelt(00gnmad@ mm, wed gAtmms Bhescaayes alwl @C!Illtlilm 5-peddléd kneading

o B Al SR
forwdre (E.B cére o (8 451 RBice £ ﬁv@@é (Refdigdction fcﬁ*?ﬁ’) @@&egr&fs ina

4.55 kg/hr_(10 I b/hr) via the Bonnet extruder ‘of
negiralpftern; Thedissts Praillimoters of thesorasy ateicagposdoforveand

&t D= 40, 10.. .
cop S She AR A s 000 0P = )b i vos
lomcbbesweenaamasm Iﬁin(o’f(ﬂﬁh i'_c)eve X6@ pdnsts® of 2008w ard, NGl W@ Severse

4 ﬁ 1§2 C %275 F2 ggphernally conduct i ve
kng3ing Plockep OpERy IS rign G0 G ) Budanatesr dngadipgisegmst (770-
920'?1%11 WLRwWS qrh?é’kﬁ%ﬁ&lh%@%tg)%%%%ogg{ogéﬁ[\ﬁﬁ%ﬁrbwﬁg gP%: K5 fqllowed by

ron nodel
a fQYfli&q tleek. JBhefrempimder efdtie sates920F16G0 mpi) Iviasfceﬁ@osed of self-wiping

nent sed to successf obtain the
ond A BROGIRRE R S5 8 Recinciics! huoR b agsperally following a
ded:lﬁﬁﬂlg iénd i@\paks (60 mhd)ao ey, oide)damsivh i Schdw @)&mdlep\ggs operated

addi tion, the vertlcal drop di stances were
W%&Pesé §ipsi of 0@ uwh dac@;@d ewdabout@wrrpmmm tenfpaciure of

f d
R p e R R S A e o e
(Hg))tw:ds apﬁlﬁ):drt’mrougﬁ) aflOperdpsit BﬂZ(EﬁE)S to FBROFEE r%”%léﬁl@@and/or moisture.
1ta| addl ed_kneadi n 5 bl ocks, mmin
AS|“é“F&t1H eoﬁ‘Ff% csigh, {aRgeRitel foruiE sonvyimeRjenens were uspd isthe
vacgﬁrﬁfeggfgdeﬁfog% Qﬁczf\?éergite telﬁ)of g %ebgﬁiaéﬁlé%1eg§)o ! egrsface area.

The exiredate wast perped vithe héatasdsNoﬁﬁ@g miel puump} worsinelly l(blB cc/rev, set at
sel f-w

2 e AR Aot a6 T e r L oat ek e a
1562eCi(DID Wk tht aGadIedeRst w@%fﬂpxﬁ@& mn%ntéé;g éa%%eren

and consists of a forward, neutral and rev

dfOlPrﬁiéeaB@Vﬁ@g HP-40% cA0 HéA idygapdawdiebledrong 52O cvo'e@em@mpm Orange,
n of <l 0 f ol I Thi
X O B SRR s 0 i el e gl
probvilel thvdzebhickmessenapssiiéd RCkablefhie renai nder of the

screw (920-1600 mm) was conposed of self-w ping and
square channel forward conveyi ng el enents of various

pitches, -generally follow declining trend in
_pitch (60 mMmm 40 mm 30 nmy. e twin screw extruder
Hrs ppendictidle | Weight | Zone2 | Zone 4 Target Measured
No. Filler Percent Feed Feed Thickness, Thickness,
Conductive | Rate, Rate, cm (mils) cm (mils)

Filler kg/hr kg/hr
(b/hr) | (Ib/hr)
2 BN 30 0.973 0.973 1 0.0508 (20) | 0.0635 (25)
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15 with a screw speed set point of 200 rpm (actual
speed about 200 rpm at a tenperature of 125 C (257
W@ R004n0852 zones. A vacuum (about -94.81 kN n2PCF/R82004/010350
i nches of mercury (Hg)) was applied through an open
—port in Zone 8 to renove any volatiles and/or
NBk-s t luEenduchive ot Weight { NZomca ewzdasigh, fMar@e pi|t (Measured
fNo.war d Filleyeyi|nPedeRfrent Feagr € used i h Tmekne\é§0uumh1ckness

area [to provi de Gonl&es dqgﬁdee of Rfik] 1| t gy % cm (mils)
mexi ni zi ng pol ynerigwr f AC ol €. The extrudate was

purrped via a heated Nor m b/ﬁBl t nom naI ly 10.3

I A”NL CTIT, LS4
S T O DR DAY G R Z G T 7T S S

(310 |F) tBNthe|m dgd)eTcenter I gyer of 30.%01]67%1@511 (819 47
+n)-vide 3-layer Cloereh dropldie having a 02 cm

(é 040 i rBNgap (av49| ab] e E¥lom|The5T oed.850SaAPanhD,0660 (26)

™ di;e—t raf urie set—at—377-C (350
%6? :Ihe Imﬁe s;e;nd‘l%;c dﬁ%ugg{)ec t(%@§)25 PERA @D ¢ (00313 (32)

t ar get tI:BNkne< s aggspecified ijn Tabl e @101@@[)? fOEPb @7
Conductive i rflht Zone P 7ane 4 Tar get .

FBI | ér P&Nent | Feed Feed mzckresMsTh | &05085(20) 0.0533 2D

Dot A

Cgndu Rate; - |d S} — i
ES?'EF“L}; (1 b/ br3 (1 b m(‘mz BN AN @% 090@5@(30)
(&9) [0. 0835 (25) BT W0 2004/ 108852 AT Sag 039359 25)

Ex. Conductivel Wei ght Zone 2 Zone 4 Tar get asu
No. Filler Percent Feed Feed Thi ckness, Thickness,

1] I Filler
ConNERRN A Bl ST e o e
coﬂaﬂ%ﬁﬁh 4 Q) ledc B (188)temPerBiira36r Be &1 Golf @QQ se@ atw'g °C ( NS4 °F).
5 BN 40 1.51 1,51 0.0508 (20) 0. 0660

Thééeseﬁlngéﬁlql%\”%)’voen@ma rablior oulreq®ng szz»;shnku@N 40

o o5y Pty oL (18P PR icks Bl s B Gt dampe
rol{. 30jer 2OPBBIB(P2)-5083 nd A0, X2 6aBfu{1Z9minated to the uncovered side

(Side 2) of each piece with the 7200 silicone coated side contacting the uncovered side

(Side 2). The extruded sheet with liners on both sides was then subjected to either E-beam
or gamma radiation as described below.

E-Beam: Two of the extruded sheets with liners on both sides were then passed
through an E-beam processing unit (ESI Electro Curtain) operating at an accelerating
voltage of 300 keV, one pass on each side at a measured E-beam dose of 9 megarads
(Mrads) on each side.

Gamma: Samples were subjected to gamma radiation and were passed through the
gamma processing unit of Example 1. Two sample pieces each received a target (actual
measured) gamma dose of between about 30 kGy (31.6-31. 7 kGy), 45 kGy (44.4-45.9
kGy), or 60 kGy (58.8-59.7 kGy).

The resultant articles were then tested for physical properties, and adhesive
performance properties according to the Test Methods outlined above. Results are given

in Tables 5 and 6. The test method used for Table 5 was Tensile Break Strength and
Elongation Test (Method I).
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The extruded sheet was cast onto a two side, silicone
coated, polyester liner in contact wwth a chilled

w@ami/108352 . The tenperature of the cast roll WasST/B81008010350
7.5 C (54 F). The resulting article was wound into a
roll for subsequent crosslinking. 5 Eight

A AL e N 19 1
pt-oxt+ratety-—0-—46-—m-(18—+r)—toengpileces—were cut from

J

ahkpve|sanple roll. Liner 2-2PESTR(P2)-5035 and
;-g% 2vas |eareful ly | aminated to the uncover¢d side
S8 2F of each piece with the 7200 silicon¢Scoat ed
fde &bntacting the uncovered side (Side 2)| The
ruded sheet with |ljners on both sides was|then
ibj ertedito ei ther—E beam| or -ggnma radj ati pn as
Y d| el ow 210t BEBeam 'V\gﬂ t he |&xtBugked shiet
Nnels on bot isi‘des W et Héh pagsedT thir ougl

h%%’t%dlllpl ocesstnguni-t—(ESHH cctf—ﬁsedftuﬂ)
perdl igng|at anjaccellerating. wolitage ¢f 380| keV, Ry
piE edch si B & |& neasfh ed Ecbeam gosli 9 (2
é‘gagaﬁ’s (M adky or [éach grdel Gamma: (San@l 3 Werlze;1

cted!to gapme radiatign andiwere passed!throu

e [5 gamma precessing unig of (Exanplg 1. Two sanpl e
Bcep’ eagh recived jatar g8 (agh;.ual ®easufied) g

~dT o

(1.98)

e

(1.69)

STOPSQOVD®
Topegances
-
~11}

e [® befween|Bbout|B0 k&g (31,8 31. 12kGy) |245 K&
[45. 0 kQ/)> or 60 kGJ(58. 8-59. 7|RGy) .| The

4
| fant grtlcgs re themn tested {60 ptiysfcat

er@ie% andodhesi&e pér f or rancg pdopertdes |3
rkﬁc:i;ng 0 t hes Test|Svet hoSs out i néd BbovelSResuld s

g sed

Tl .

ven{S20 i = Tabl i 6. | Thegt €3t nefdod

rak—Stt-engt-hl-and

Ll o o Ton 1
apTrer—o—Was—+enst

A\ q
& 5 §
e on
( Met hod | ). -32 WO 2004/ 108852 PCI/ U820f04/ (ﬁ 350
L @
g i

3

i
{oz/iff)

L V119009 | HPav- 90 U Hp E'[QOAN QHLC{ N
§+N+ AY'g ;N £z U g)g %MV}N@I gu @m:; N
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Table 4

Pe

Gamma,

Radiation
Type and
Target
Amount
30 kGy
EB,
9Mrad
Gamma,
30 kGy
EB,
9Mrad
Gamma,
30 kGy
EB,
9Mrad
Gamma,
30 kGy

% Void
Volume
NT
1.56
NT
2.61
NT
2.70
NT
1.68

Hardness
NT
NT
NT
NT
NT
23
NT
N

Density,
g/cm3
(measured/
theoretical)
NT
1.201 (a)/
1.22
NT
1.188 (a)/
1.22
NT
1.187 (a) /
1.22
NT
1.277 (a )/
1.30

Ex
No.
2
3
4
5
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PCT/ US2004/ 010350 Sanples 1 - 2 Acrylic thermal

i nterface conpositions were prepared using bl ends of

Sﬁgl% _2% and BN as the conductive fillers, and
Sensi ti ve Adhesive PSA-B of Exarrpl es 2 -
10. R&ALBRSalliBCfate @brﬁ]_ﬁﬁﬂldnﬁts@r@ﬁreﬂar%uiiﬁ%Bfenﬁffofzﬁg(OH)z
he

I b/hr) to the feed port in barrel " section

anldViB N -as treaondudtivel diglersoindResguieSdnsitive AdhesiBOoRBALB of Examples 2 -
extruder of Exanple 1. The tenperature for all zones

18-n the Bonnot extruder was set at 149 C (300 F).

Thermwwg@fgg%g Foeg rgtblo!f$ 93 KR 8! ﬁ/h.?% tﬂ%pfggcpﬁicgaﬂl barrel

(parts by weight as speci
sept@ont 3 obt)he\nmng&o;teméxtﬁﬁkr Bf Bxarsplt Hedaréie Bonootnduetievef Example 1.

e 1S9 A b e e 0% R P
TIRMMERY coRIMELH R Fillers as specified in Table 7 (parts by weight as specified in Table
7 per 100 parts by weight of PSA-B plus thermally conductive filler) were added as dry
solids in one portion at a feed rate of 1.95 kg/hr (4.28 1b/hr) to a feed port in barrel section
1 of the twin écrew extruder that was operating at a screw speed set point of 225 rpm for
Examples 1a-c and 275 rpm for Examples 2a-c (actual speed about 198 rpm and 246 rpm,
respectively). The total flow rate of thermally conductive filler and PSA-B was about 3.90
kg/hr (8.56 Ib/hr). In all temperature zones in the twin screw extruder, the temperature
was set at 149 °C (300 °F) except for Zone 4 which was set at 93.5 °C (200 °F). A vacuum

(in a range from about -77.9 +/- 10.2 N/m2 (-23 +/- 3 inches of mercury (Hg)) was applied
through a port in barrel section 10. The temperature in the three extruder adapters and the
flexible hose at the exit end of the extruder were all set at 149 °C (300 °F). The flow rate
was controlled with a heated Zenith melt pump, nominally 10.3 cc/rev, set at 149 °C
(300 °F).

The extrudate was pumped via the heated hose to a single layer 15.24 cm (6 in)
wide drop die with a 0.114 cm (0.045 in) shim, with a gap of about 0.114 cm (0.045 in),
set at 149 °C (300 °F).

The compositions were coated at several thicknesses.

Table 6
Samples Conductive Filler Weight Percent Target Measured
Conductive Thickness, Thickness,
Filler cm (mils) cm (mils)
la 75/25 Mg(OH)»/BN 50 0.0508 (20) 0.0495 (19.5)
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1 of the twin screw extruder that was operating at a
screw speed set point of 225 rpmfor Exanples |a-c
war@4208852 pm f or Exanpl es 2a-c¢ (actual speed aboOUSH98010350
rpmand 246 rpm respectively). The total flow rate
of thermally conductive filler and PSA-B wa hout
Samdid0 1 ok@udtive FRIG6 | OWRight Pemens [t erfsegsit ur e| zopdagsured
in tthe twin screw ex{rudenductive tenpdhekoess, was $hickness,
at 149 C (300 F) except fpiilefone 4 whincfmilgs set  am (mils)
S A2007 5 acuum N a range.ofepmoboult 00673 £26.5)
10 %“W@ﬁh’%‘v{ >0 il

|- 3 inches of nercury (Hg)]) was %)
ppHi-ad & port insparrel |seottdom(4D). The.0927 (36.
];% eﬁg%su%?ﬁ he three extruder |adapters andlthe

R M%E@ BiNhe [exit 6ad of fhe0&%08 @Mr \WePd4861(16.0)
2 af?j@w (

0 F).| The flowratle 20 was comtrolled

W th ?O/B@Mg@OHZ%’BiN himelt ponp, ndm AATEY (3. 3 | cOM88Y (35.0)

set at 149 C (300 F).| The extrudatie was punpedivia—the
hieat Es0/hosR(OB) BN ndl e | aplr 15. 24 80f6 (4H) 027 (68.0)
) PP

drop/die with a 0.114 cm (0 045 in) - shi-m—w-tha—gap
of about 0.114 cm (0.045 in), set at 149 C (300 F).

25 The conpositiaons we I then subiected to

t hi SRPRIE 4885 W%mf%’aéeﬂgg%p%rg%gﬁ’%%ﬁguﬁc@. @éélzli L e ght
gan?rﬁﬁ ‘fﬁtﬁ&tio-ﬁiargﬁﬁl Maasedied a GopetuattindemFisicidh gsmyma dose of 30 kGy

I ckness, Filler cm(mls) cm(mls) la 75/25

(33MgtoG9)KBN- 50 0. 0508 (20) 0.0495 (19.5) -38 WO

2004/ 108852 PCT cPRAATHT Meysical

S R e e e e e
pro%&iti%g,rhﬁﬂ Sdhekhieqierfeaaance fprdpeetiesaredriing sy therd estMiegtyods ptlined

5/ 25 Mg( OH) 2BN. 50 q 762 (30) 0.0673 (26.5) |Ic 75/25
abavig( @%@BNI‘S@VGQRI@? 0) 0.0927 (36.5) 2a 50/50

My( OH) 21BN 50 0.0508 (20) 0.0406 (16.0) 2b 50/50

My( OH) 2BN 50 0.0762 (30) 0.0889 (35.0) 2c 50/50

My( OH) 2BN 50 0.1016 (40) 0.1727 (68.0) Sanple rolls

were prepared as described in Exanple 1 and 'then

subjected to gamma radiation. Each roll received a

target (actual neasured) gamma dose of 30 kGy (33.4

to 35.3 kGy). 5 Sanple pieces were cut fromthe

resultant roll and then tested for physical
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-40 WO 2004/ 108852 PCT/ US2004/ 010350 Sanples 3-6 TI M

havi ng stretch rel ease properties were prepared using
wEx@et10886210 and various thernally conductive PCT/U82084/010350

Each conposition used was coated at severa

t hi cknesses. *5 Preparation of Thermal Interface

Composi tion: PSA-B of Exanples 2-10 was fed to the

feed port in barrel section 3 of the twin screw
_ﬁﬁmﬁbgé& of Exanple 1 via the Bonnot extruder of
e P SRR Hefor b GRURSALELAE s and varios

themmilyodomd@ctfvblfilkem BHdh @smppuitiorf need wad coall at @vérabihicknesses.
by wei ght per 100 parts by wei ght of PSA-B plus
thernally conductive filler) were added as dry solids
PieBaufih BOTHIRN frfbrfhcl @EhoBAIiby 1 arrel section 1 - the
TW N SCrew extruder that was operating at a screw
speeBSAA offdxamples 2-16 Ovas [fath todlod feadl poxt e balra beetion B3E the twin

s Fidpgdss of Efnple 155 B Hynpanstiade: el M istperagure for

alpﬁdn‘éWm theBogné &ﬁﬁ'ﬁéﬁﬁas':s@@ﬁ 18§t°€ (9(50 ‘@? Th&%@a@y%@h@uc@ifve fillers
| er, Feed Rate of Exact | b/ hr)

aS(SIPb¢1f1¢<} ingBabde 9 k@eﬁﬁrby(wmglﬁrp)?r 1@hpa11833y4welgm 83X Baﬂus thermally

3,41 . 3.98
ccpiod kb ogddq o By Sorsists ofd pipRyd BadelpOfidy blig pction 1
thd t9f dehbwltrudlePthal waddpebatthg af 4 s&3W spBed € pSinKof 160 rpm (actual
tenperature zones in the twin screw extruder, the

SPF@W@H& BTNas set at 20 93.5 C (200 F) for Zones 1,

9 3 [
Vacuns B8 p ey on ki g RS gn e dof ghee s
shotvn iB Tlabler8dseleb. mercury (Hg)) was applied through a
port in barrel section 10. The tenperature in the

three extruder adapters and the flexible hose at the
exit end of the extruder wefgag!l set at 149 C (300

F). The flowrate was controlled with a heated Zenith

mel Sapplep, nom' Head¢d Ratg¢ 0Of BSA25 @c&éd Bueie of dilleat | 1A@dRate of Exact

e ST, o IS, Wi

(6 1 ma.ov de si ngl €3.41 (7.5) 3.73 (8.20) 1.14 (2.50)
4a-c 3.41 (7.5) 3.98 (8.763) 1.46 (3.21)
5a-c 1.95 (4.28) 2.12 (4.67) 0.65 (1.43)
6a-c 1.95 (4.28) 2.27 (5.0) 0.83 (1.83)

In the six temperature zones in the twin screw extruder, the temperature was set at

93.5 °C (200 °F) for Zones 1, 2, and 4 and at 149 °C (300 °F) for Zones 3, 5, and 6. A

vacuum (in a range from about -77.9 +/- 10.2 N/m? (-23 +/- 3 inches of mercury (Hg))
was applied through a pdrt in barrel section 10. The temperature in the three extruder
adapters and the flexible hose at the exit end of the extruder were all set at 149 °C

(300 °F). The flow rate was controlled with a heated Zenith melt pump, nominally 10.3
cc/rev, set at 149 °C (300 °F).
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| ayer drop die with a gap of about 0.114 cm (0. 045

in), set at 149 C (300 F). The line speed was
wW@opouaesss2 t o provi de the target thickness as speriu$10e4010350

in Table 9. The extruded sheet was cast into a nip

formed by a two chill rolls (one netal and one

r ubb@h extnetaweens funipud \Eh thedened Gost 0d 150l4/@Es (®1n) w1de smgle

5 S235uhRA el FERTB i D RSB 50 i

A Gy 8 e VRO A i

shest wasroast intala aipi formeday b two thillrelie{one thegal taad g&d& rubber), between

ual ose 30 Kk to 35.3
S opgy)Soheris pafetedtliree hesn a0 Ermue & mhb Aligyire wes set
oMés Wﬂt’a (13188t TE asiesture SRSl Pﬁ[scﬁﬁ;tsefr i 705“‘@@?5 °F).
Thi ckness, "Conductive Exact cm(mls) cm (mls)
Fill §mn3194rollsawewm®ayesi 5le9Gi@d (b B3adpleS0ad thaDjubjected to

vdjajacd. J BRIty eaa 0y i stf ity By 00 G

(mg,gmggg;) 0526 (20) (20.7) 4b Al (OH)3 45 30 0.0762
(30) 0.0483 (19.0) 4c AL(OH)3 45 30 0.1016 0. 0978

10 (40) (38.5) 5a 95/5 My(OH)2/ 45 25 0.0508 0. 05456
Al (OH)3 (20) (21.5) 5b 95/%dy6OH) 2/ 45 25 0.0762
00686 Al (QH)3 (30) (27.0) —-47 WD 2004/ 108852

CHirugen ) £o0dwese Filagpl SeigundicWeight A | | Bargwei ghMeasured
i ght Target Measured Percent Percent | Thickness, | Thickness,
Conductive Exact cm (mils) cm (mils)
Filler 3040
3a Al(OH)3 45 25 0.0508 0.0508
(20) (20.0)
3b Al(OH)3 45 25 0.0762 0.066
‘ (30) (26.0)
3c Al(OH)3 | 45 25 0.1016 0.0965
(40) (38.0)
4a Al(OH)3 45 30 0.0508 0.0526
(20) (20.7)
4b Al(OH)3 45 30 0.0762 (30) 0.0483
(19.0)‘
4c Al(OH)3 | 45 30 0.1016 0.0978
(40) (38.5)
Sa 95/5 Mg(OH)>/ 45 25 0.0508 0.05456
Al(OH)3 (20) (21.5)
5b 95/5 Mg(OH)y/ 45 25 0.0762 0.0686
Al(OH)3 (30) (27.0)
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Percent Percent Thi ckness, Thickness, Conductive

Exact cm(mls) cm(mls) Filler 3040 5c¢ 95/5
wOR(DHHERE2 45 25 0. 1016 0.0914 Al (OH) 3 (40) (3BCDYS20646010350

95/5 Mg(OH) 2/ 45 30 0.0508 0.0432 AI(OH) 3 (20) (17.0)

6b 95/5 Mg(OH)2/ 45 30 0.0762 O. 0737 AL(OH) 3 (30

( leS¢ COrdctiVEFMdr 2/ 4veigit O. . P90Fargd ( OMeasured
(|40) (35{6) Sanple pi eC?ércmre CP'érc (A Ttﬁ&rfe?ssu TRRkness,

riol 1 and|then tested fiof a .
adhesi ve| per f or mance rropﬁhfé{éés: ao;ﬂq%bdl g to tlf’g:j1 Tecgnt(mﬂs)

St

'\ t hn’ds 3”‘. - I,\I’\ﬁI "b \ ~ UII I(J.lJ U’\

10 afd 11 PMEQED2rdt hod Used |1 rngab e (Hbl/éas 50.0914
Tensile Brea engt h and El ongati on Test thod 36.0
). -43| VWO é&)@lﬁ) 208852 PCT/ US2( 04/ 0103p g?oo 00 (00 )

F 5 b BRI &6 UIN 0% C o‘%*’%’ o d 0%

J
C)OOODOA 80()00 N Uo OO CD CO26p O O @QL10)
0

O NQO O N
6b 95/5 Mg(OH)2/ 45 30 0.0762 0.0737
Al(OH)3 (30) (29.0)
6¢ 95/5 Mg(OH),/ 45 30 0.1016 0.0904
Al(OH)3 (40) (35.6)

Sample pieces were cut from the resultant roll and then tested for physical
properties, and adhesive performance properties according to the Test Methods outlined
above. Results are given in Tables 10 and 11. The test method used for Table 11 was

5 Tensile Break Strength and Elongation Test (Method II).
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3b 0.076 (30) 3.32 (7.3) 720 3c 0.102 (40) 4.45 (9.8)
740 4a 0.051 (20) 2.5 (5.5) 700 4b 0.074 (29) 3.95

W@ 007p0BED  4c 0.097 (38) 4.64 (10.2) 810 5a BCDBES2004/010350
(20) 4 (8.8) 830 5b 0.076 (30) 4.41 (9.7) 940 5c¢
0.099 (39) 5.82 (12.8) 990 6a 0.048 (19) 3.41 (7.5)
840 6b 0.076 (30) 4.95 (10.9) 960 6¢ 0.097 (38) 5.91
(13.0) 890 Sanples 7-8 5 Two t hernopl astic

el ast oneric t her ml interfi@bl_ddnpositions wer e

prepar g ETI[U IR:‘I T

fill §rafsﬁ%a§c Iﬂ??er efit | eve? ﬂ) '%Elé;rﬁavdﬂ%f?«%}a}kioad
Thel o AV.V.a W0« ]\s g k l’( CCll]l:e Cohcl t. | AV aY

adhe;|§§ucénﬁggglh@h” Thezzgﬁ%gﬁ!tlonUVQES c@%}ed at
sever ahky, Ui O PT. ronof — TIVETJgRATON
D1107, %b drvK(E? ?ﬁgf BLE %EzﬁaéPSWM (PPO and

I RC—ANOXC 10100.1eM@090/ |10 weisgpi8)ratfi o bl end B0 My( OH) 2

and Al ( OHN 3 fharnnllu hnndnhflua flller Was fed to

the|fedd Ipcrtopﬁl Gl sect (DM 1 of a 30 mm%

co- ot EXGT, Wit four S5

(V\er ner%PfI ei deﬂs &@2) riati [re{q%gt' %l screw spee sozet poi nt
of 2004cpm| (a@0YA(3815 |speedd atgoa)t 176 rpn). 8ANgt ack

Pl us tackifuln" resin was neLLed—Ln—a—#ELLsgn_ALxeL____
(Wi {h Pank se¥-05k a9 |c (36‘68{8? ump and ho®¥ set at

163 W?Weo t port—TTm 1 et
secfion 5. [S 8 71N4éllql(9vxz added thrg%({w a feed

port{ iBc -46 ONBRGO4/ 1088532 PQIFHUSZ004/ 0103580 barr el

secti-on—7Z Hglnm a Zenith punmm ALl It he Pnnhnnnnfc were

uni f or ﬁPy rreIQ ‘Eﬁ@r%ed |n§-ﬁlﬁz-5%;iruder The840

CONpoNgRts, {Wé?ﬁ» ndjfeedTat Te
gi véen gbl e C(g e‘rati o&!@%?mb | yphenyl enee%qoﬁer
(PPE) B0 pol y&097 @&8% (|PS)5.epi3emt of KRATON §90107
(that—s+—8PPE/PS) was 1.0 Table 112 7 8

Samples 7-8

Two thermoplastic elastomeric thermal interface compositions were prepared using
a blend of two thermally conductive fillers and different levels of polyphenylene ether.
There was no premixing of a pressure sensitive adhesive composition. The composition

was coated at several thicknesses.

Preparation of TIMs:
KRATON D1107, a dry blend of BLENDEX HPP857M (PPO) and IRGANOX
1010, and 90/10 weight ratio blend of Mg(OH)» and Al(OH)3 thermally conductive filler

was fed to the feed port in barrel section 1 of a 30 mm co-rotating twin screw extruder
with four ports (Werner Pfleider) operating at a screw speed set point of 200.rpm (actual
speed about 176 rpm). Wingtack Plus tackifying resin was melted in a Helicon Mixer
(with tank set at 149 °C (300 °F), pump and hose set at 163 °C (325 °F)) and pumped to
feed port in barre] section 5. SHELLFLEX 371N oil was added through a feed port in
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Feed Rate, Feed Rate, Conponent Anmount kg/hr (IDb/hr)
Amount kg/ hr (Ib/hr) KratonTM D1 107 100 1.10 100
wa2®1308822 428) (2.228) WngtackTM Pl us 155 1.FAT/LI8104/010350
1.6745 (3.763) (3.684) ShellflexTM 371N 22.9 0.253
26.7 0.278 (0.556) (0.611) IrganoxT™M 1010 3 0.033 3
bétrd) 3dctiond. {7 a Zéhi p. BAB rigtecohifohedits GveBSenifdymy melt blended in
0. 1582 HPP857M (0.180) (0.348) 90/10 weight ratio
theggirodesoas 236 2. 6045 bl end of My(OH) 2 (5. 730)
(5.7 ( ' nes, Rt .
tui 1 geoutftheflst Gibobal il SHPECAHECa IR Tid [ The ratio
ofpdytheaylefid 6thbr (BPE3 5®pdlystyiéoa S cahteh6@ KRATDN B) 10A(that is,
nggﬁ$,4 E& 6 at 149 C (300 F). A vacuum (in a range
adut’-77.9 +/- 10.2 NNnR2 (-23 +/- 3 inches of
mercury (Hg)) was applied through a port in barre
section 10. The tenperature in the extruder adapters
and the flexible hose at tHabkxiz end of the extruder
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The six temperature zones in the twin screw extruder were set as follows: Zones 1
and 2 at 176.5 °C (350 °F), Zone 3 at 163 °C (325 °F), and Zones 4 to 6 at 149 °C (300 °F).
A vacuum (in a range from about -77.9 +/- 10.2 N/m2 (-23 +/- 3 inches of mercury (Hg)) |
was applied through a port in barrel section 10. The temperature in the extruder adapters
and the flexible hose at the exit end of the extruder were set at 149 °C (300 °F). The flow
rate was controlled with a heated Zenith melt pump, nominally 10.3 cc/rev, set at 160 °C

(300 °F). The total flow rate of the extrudate was about 5.79 kg/hr (12.73 Ib/hr).
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10 Tabl e 13 Sanpl es Target Thi ckness, Measured
Thi ckness, cm (mls) cm(mls) 7a 0.0508 (20) 0.0584

W@ 2840)8857b 0. 0762 (30) 0.0749 (29.5) 7c 0. 10°RGI/(43P4/010350
0.0775 (30.5) 8a 0.0508 (20) 0.0610 (24.0) 8b 0.0762
(30) 0.0711 (28.0) 8c 0.1016 (40) 0.0940 (37.0) The

r es uThedirudatel wdsgunied iehe hesé®Hose b aﬂbmlcﬁﬁ(6 1n) wide single
properties, and adhesive performance p

la&%r pRIisgvitloa erpofrbont Gl hermd0.842 innwd ab 63 (3%5@ {Ide line
é(f % Iﬁ%tﬁ&trb %&v@é@sﬁ Flgfg t@?&kﬁ&s%ﬁﬁec{w@ %ie hé: eéitruded

sh&aiswﬁk @6t igtccenip-fédndddy20d HIBBAR (BT eaP 6)1&%&11@85&}) between
U g0 78 OMONdO O o M C~
5 tqu %hq\q)ne &o“yp&p\}yﬁptﬂ relgage lgle(s ofy lxamplel, The tempe@t@e)of the chill
rolts Qad sét at 75 °€ &s @F)O THePalfd & I%lﬂ)henylene ether (PPE) to polystyrene (PS)
content of KRATON D1107 (that is, PPE/PS) was 0.5 for Sample 7 and 1.0 for Sample 8.
As in Example 1, one liner was removed and the sheet was wound into a roll. Unlike

previous examples, Samples 7 and 8 were not exposed to radiation.

10
Table 13
Samples Target Thickness, Measured Thickness,
cm (mils) cm (mils)
Ta 0.0508 (20) 0.0584 (23.0)
7b 0.0762 (30) 0.0749 (29.5)
Tc 0.1016 (40) 0.0775 (30.5)
8a 0.0508 (20) 0.0610 (24.0)
&b 0.0762 (30) 0.0711 (28.0)
8c 0.1016 (40) 0.0940 (37.0)

The resultant article was then tested for physical properties, and adhesive
performance properties according to the Test Methods outlined above. Results are given
15 in Table 14 below. For the density calculation, the density of the PSA of Samples 7 and 8
was 0.96 g/cc.
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5 -50 WD 2004/108852 PCT/ US2004/ 010350 What is

Clained is: 1. A process of naking a thermal interface
wOoraioe108852 conpri sing the steps of: (a) provi dP@IUS2004/010350

pol ymeric hot nelt pressure sensitive adhesive having

a 5 nunber average nol ecul ar wei ght of greater than

25, OBile ¢y variut fabeaddmbe fé@erﬂﬂ' eriBRIdinértidf de iheafion 2ave been

wei ght percent of a thermally conductive filler to

desgiibadain getetluehangese ﬂQQ@? feagiras angl tpnhe dgseribgdecrppodiggent may be
ﬂé{;gl' (%;t R)rtﬁgs%us?:ﬁ el‘?ielH ﬁlien L1 ?Qﬁ% dIf 3{15@ zlr% beheVFd to be

uctive her ace eria
wikRinZhe 3dope pridgedsofahe dlventionl af wttfdnﬂr nﬁhmﬁcsllcﬁmg clialigs.
step of irradiating the thermal interface nmaterial to

crosslink the thermal interface material. 3. The
process of claim2 wherein the irradiation is from
gamma radi ation, electron 15 beamradiation, or a
conbi nation of both. 4. The process of claim1l wherein
the polyner/filler mxture further conprises a flane
retardant. 20 5. The process of claim1l wherein the
polymer/filler m xture further conprises a microfiber
formng material. 6. The process of claim1 further
conprising the step of applying a release liner onto
the thermal interface material. 25 7. The process of
claim6 further conprising the step of winding the
thermal interface material/liner conmbination into a
roll. 8. The process of claim1l further conprising the
step of die-cutting the thermal 30 interface
material. -51 WD 2004/ 108852 PCT/ US2004/ 010350 9. The
process of claim®6 further conprising the step of
irradiating the thermal interface material to forma
crosslinked thermal interface material. 10. The
process of claim1l further conprising the step of
appl yi ng one or nore skin 5 adhesive |ayers to forma
mul tilayer thermal interface material.
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11. The process of claiml1 wherein the filler is
selected fromboron nitride, silicon nitride,

w@bwailossm nitride, titaniumnitride, al um num PXi/tig2004/010350

beryllia, zirconia, silicon carbide, boron carbide,
magnesi um hydr oxi de, magnesi um oxi de, al um num

Whatls@lhidesd is: 10 and conbi nati ons thereof. 12. The
process of claim1l where in the step of nelt bl ending
the polynmer with the thermally conductive filler

conp | :
Ly Ptk S B B Al 0 ol e RBRMARE e o

t h e @ ynprovitigk 4 pblyeeric hoiemela pwaauie Bensitive hdhesive having a
thermal interface material having_ stretch rel ease

proper t i eBUBBFHHHVPRER HolechlaE Hgighh P Bspishidan 22 08Y; nel t

r es re \/,
ot ol o SER N BEOIGE oAtk My MR pellS BOF hermally
25 per centortd;acmﬂylﬂﬂrt@fortd‘aemmhﬂeyambnduct ive filler,

and bst ntlal conti i ndi vi dual. oel ast
and/ SOt Risk Hies e b oS A BESHE T Bermally
dnesi ve w{dhbefveaﬁu%r%tbemﬁeﬁml D mabiane direction.

14. A thermal interface material conprising a film
conprising a blend of polymeric hot nelt pressure

sens i ve adh ve a_nunb ver age | equl ar
2ot b BPeSReRElatt LifithISeRuReiRthe SYSPARGMBLE R Blompal
inBdt 208 intidriad fo drbalifR kieythe@nd ugédface hitbdgr , wherein the
25 filmis crosslinked, substantially free of added

free radical initiators, and substantially free

3Cros [ : f I
S R Rl B T
bdani radidtion prescutténgenif bothe adhesi ve having a nunber
aver age nol ecul ar wei ght of greater 30 than 25, 000
and at |east 25 percent by weight of thermally
4CoNdyRd hsBedsidrbRfm 1aMbrdifn dlﬁ%éﬂﬁlllérh&%éjﬂﬁ@h'ey Eorsiffidds a
adhesive layer attached to the fil
flagowtada852 PCT/ US2004/ 010350 16. The therwm
interface of claim 13, 14, or 15 wherein the article
contains |ess than about 5 void volune percent. 5 17.
5The Thepivabssiof tRirhaGeheddin Ehedpdly b/ filld miRfurd BurtMeLE@hrises a
the article contains | ess than about 1 void volune
misplilegitfornyigs mpkgsial.her mal i nterface of claim 13, 14, or
15 wherein the thermally conductive filler 10 is
selected fromthe group consisting of ceramcs, neta
6.0xi d€he plmeégslof binith O xfudless compeising aiestepads applyitihe redexfse liner onto

19. Th Frnal interface material of claim13, 14, or
thehegpma eth CREARBY mal |y
7. The process of claim 6 further comprising the step of winding the thermal interface

material/liner combination into a roll.

8. The process of claim 1 further comprising the step of die-cutting the thermal

interface material.
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conductive filler is selected fromthe group
consisting fromboron nitride, silicon nitride, 15

w@bwailossm nitride, titaniumnitride, al um num PXi/tig2004/010350

beryllia, zirconia, silicon carbide, boron carbide,
magnesi um hydr oxi de, magnesi um oxi de, al um num

ohydr UKé pidcesd o claGh BiFhBdr OfPribiheiOdtep Slirrad€ing RS thdimal
interface material of claim14 or 15 further having a

interfase madgrid Erfiorma@ crossliskaddberamed interéaceimaterial] . The
thermal interface material of claim 14 further having
at | east one skin adhesive |ayer attached to at | east
1@ poThé procesk of alath fli fitherdonipZisinghkee stéeofmdplying eid aarore skin
material of claim 2l wherein the_ at Ieais;]i) one adhesi ve
adfiesiye 13yg1pdp forght Bualayss dherape] pteae mafsripe filler. 23.
The thermal interface of claim 13, 14, or 15 having a
bul k thermal conductivity of at |east about 0.5
11\at t Therptoeess f clain 24vheTéie thenftllarad salavieat framéoodn witraiensilicon
it M i Hi 8 S SR, St $4i68 b83AL $305sa, sticon
carbide, boron carbide, magnesium hydroxide, magnesium oxide, aluminum hydroxide,

and combinations thereof.

12.  The process of claim 1 where in the step of melt blending the polymer with the
thermally conductive filler comprises split feeding the thermally conductive filler into a

melt-blending vessel and melt-blending the polymer and filler under a vacuum.

13. A thermal interface material having stretch release properties comprising a blend
of polymeric hot melt pressure sensitive adhesive having a number average molecular
weight of greater than 25,000, and at least 25 percent by weight of thermally conductive
filler, and substantially continuous, individual viscoelastic and/or elastic microfibers:

dispersed through the adhesive matrix and oriented in the machine direction.

14. A thermal interface material comprising a film comprising a blend of polymeric

hot melt pressure sensitive adhesive having a number average molecular weight of greater

" than 25,000 and at least 25 percent by weight of thermally conductive filler, wherein the

film is crosslinked, substantially free of added free radical initiators, and substantially free

of crosslinking agents.

15. A thermal interface material comprising (a) a film comprising a blend of polymeric
hot melt pressure sensitive adhesive having a number average molecular weight of greater
than 25,000 and at least 25 percent by weight of thermally conductive filler, and (b) a

thermally conductive skin adhesive layer attached to the film.
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16. The thermal interface of claim 13, 14, or 15 wherein the article contains less than

about 5 void volume percent.

17. The thermal interface of claim 13, 14, or 15 wherein the article contains less than

about 1 void volume percent.

18. The thermal interface of claim 13, 14, or 15 wherein the thermally conductive filler
is selected from the group consisting of ceramics, metal oxides, metal hydroxides, and

combinations thereof.

19. The thermal interface material of claim 13, 14, or 15 wherein the thermally
conductive filler is selected from the group consisting from boron nitride, silicon nitride,
aluminum nitride, titanium nitride, aluminum oxide, beryllia, zirconia, silicon carbide,
boron carbide, magnesium hydroxide, magnesium oxide, aluminum hydroxide, and

combinations thereof.

20.  The thermal interface material of claim 14 or 15 further having a liner adjacent to

said adhesive film.

21.  The thermal interface material of claim 14 further having at least one skin adhesive

layer attached to at least a portion of said film.

22. The thermal interface material of claim 21 wherein the at least one adhesive skin

layer contains thermally conductive filler.

23. The thermal interface of claim 13, 14, or 15 having a bulk thermal conductivity of
at least about 0.5 Watts/meter-K.

24.  The thermal interface of claim 13, 14, or 15 further comprising a fire retardant.
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