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WD 2004/ 102660 PCT/ US2004/ 010087 1 THERMAL MANAGEMENT
MATERI ALS BACKGROUND OF THE I N VENTI ON The present
WO pwenvicem rel ates broadly to thermal managenePtT/US2004/010087
materials for electronic devices. Such materials
commonly are used as heat transfer interfaces
between, for exanple, the mating heat transfer
surfaces of a heat-generating, electronic 5 conmponent,
such as an integrated circuit (1C chip, and a therma
di ssi pation nmenber, such as a heat sink or spreader,
for the conductive cooling of the electronic
conmponent. More particularly, the present invention

relates 1o Frhieiiy hakRduciive Miligrhage material
which is forimed as an adm Xture of a continuous phase

constituent and a dispersed phase constituent which

BACK GROUNBAOF I HE IBMENTIGEN -sol id or otherw se form
10 stable in a first state at normal roomtenperature,
but T preserireniipr rrelates broadivn fo diermsh Jaenagemsrt mpdsials for

ele&%t ni l%l%glggsd SERLE ned A 051?%109%59 Al 3G L Eﬁ%ﬁ 2%%{8 rOfnterfaces

e electronic  conponent provi de an e ow
betivber, fal exampsieathe enitiigeichatandiat suefned bita heatrgeameting aglectronic
the dissipation nmenber. Circuit designs for dern
congp@ERty SRFRE 23180 iR EErACHroHY del elyps g &, gl @%Slpa{ﬂsn member,
such QRUIEEF Sink B pfalied PilhY U&{Héx%tivé’ E‘oc‘c?l B ERBESic component.
communi cat 1 ons” equi pnent, and the | Ke have becone
Mokre) paetasianlyl ythe qurpdenk . inventior xatpdseto ianthegmaliedomductivé tisterface

have been, nuf act f. th d oth devi
i RGO s i SEHGHES B GHBERaE Ghess HuGeaa ad o
dis;%’érsetd_r}ﬁﬁ% 84RG8 uenf WU Bréhigedconi &Hd! Yer@ifsolidcordfBdrdise form-

as increased, the size  of the devices has continued
staltle i lar finsk staiet 4t niommabyeeme tengperafurehlaut o farmpableowith the continuous

manuf acture 20 snmall er el.ectronic co nent s and. t.0 .
LA RO Jp 3 AESRT OB OV 44 POGE T, Bt Ropt i electronic
cor@fdiRnt A HbERE AN Hh&RRPORAN HserhaY empedare Sfatdcerbaiten the

nore densely packed on integrated boards and chi ps,
congpasieyandshe digsipaierf membeter s now are faced with the

chall enge, of how t I.SSi th t | Ch i o .

oh mbgflillg IR et i %1 3 %8 ené ?egﬁrg%ltc b?/ e\%lgegss eﬂ@s %o lﬁ%%vﬁsélﬂ?sé . radios,
corthpd@edmeditall istwithéntk lvovMedshadchirmsycophBahicaiis equipment, and the

_conponents, ~and especially . o
like have become increasingly complex. For example, integrated circuits have been

manufactured for these and other devices which contain the equivalent of hundreds of
thousands of transistors. Although the complexity of the designs has increased, the size
of the devices has continued to shrink with improvements in the ability to manufacture
smaller electronic components and to pack more of these components in an ever smaller
area.

As electronic components have become smaller and more densely packed on
integrated boards and chips, designers and manufacturers now are faced with the
challenge of how to dissipate the heat which is ohmicly or otherwise generated by these
components. Indeed, it is well known that many electronic components, and especially

power semiconductor components such as transistors and microprocessors, are more
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power sem conductor conponents such as transistors and
m croprocessors, are nore WO 2004/ 102660

WEOAWBLe04/ 010087 2 prone to failure or nmal f POMUSING/010087
at high tenperatures. Thus, the ability to dissipate
heat often is alimting factor on the performance of
t he conmponent. Electronic cgnponents within integrated
circuits traditionally have been cooled via forced or
convective circulation of air within the housing of

proiid® fwieCa. milfurickibs at higheg@bekatiee0! Thgs, thasbiiave distpate heat

provided as an integral part of the cor?onent package
Ofteﬁlls %Bmé%rpfaﬁaa@épyﬂmea@ﬁ@anqerﬁﬁ@ YR Nicr easi ng t he

surfiaGendl F“&ng ne Fé aqécpgﬁaﬂtst @?dltiona,ﬂe/ ]?ave been cooled
convectlve evel ope alr currents El ectri ans
via daided iop rmahizgctlha\oercbkaann efplioyadin the howsimpog thddevice. In this
rcul ated w t he housi

res¥rCOR g BB VEFS BYPGUPESS! g EHESTabg] of s forigRan Phckage or
as s@ﬁd}%i}b’ atRREELHheRdtd GoH ﬁ1§retaé‘iﬁg ¢ si@face léféaeéﬁ th@';ﬁ@ﬁa[g@rﬁx‘faosed to

desi gns, 10 however, sinple air circulation often
conbestinelyalendoped bir qumsnfsf i Kleenic fns adiiorallyl have disen empéoyed to
. circuit-.co nent.s.. Heat dj ssi.pati.on beyond that which. .
111ch§963}'{\]€( \éqlwggl% }g?wlcgclé]ia{,e ﬁ)& Flgrhogﬁ = 0651g51 powler circuits
andahé embRe Bit Ihbh% SHnk 81§ tpabRdNEitdiks Afpit NeoehiBdnk @McEronic designs,
conponent to a thernal dissipation nenber such as a
howeyen, ginplapie cirovlaieheftethbastbesh frungrto hgrieadeientaadequately cool
ti.9n rrenber 15 may be a dedi cat ed,
the ?lﬁcmtrfgo%? Sonduct ive ceramic or netal plate or finned
St r disgipafién béjdﬁﬂ'thatt\ﬂlﬁclﬁ} heasimbl byt sifrplé hir Raatldtief may be
t he device. However, %gnd the normal tenperature
effegied dive Hiesdibest vBaEtng cofeihs (dloctiontc eqrpRIfEh(e antpermg dissipation
N 1 er
mergir)ezr glﬁ:aé 2 gﬁ@?{e o?%gée?g@{nhsgfrﬂ?ng* g}?l%?er ¥ él‘zHea 1?51pat10n member
may B@@dﬁﬂm@ted,r theﬁﬂﬂlﬁﬁndh@@?@&@ﬂﬁﬁ @tmetabplard er fimosl structure or
bet ween the bodjes. 20 That and as is de%crl bed1
simplysthepghassis o cngulgd:g)agis 4)f tﬂiﬁ edqvé% ndeWeyesgeyond the normal

temkj&taﬁrré %‘Eﬁleﬁw §AGEh Qllf etl&?roﬁﬁ%ﬁﬁﬁ%ntaaﬁ‘ﬂ e ﬁissrlc}'ﬂaﬁgn member, an

ypi ca are irregu el ther ‘on a gross
appréciables dmnaecatamagmdlew] an dbh&ﬂOpﬁdt ey fathesnaduintabenl ampedance or

mat ed, pockets. or vo are devel oped
Con{aﬁﬁﬁélﬁ@g ﬁﬁ‘? Wt%fﬂce e‘éf‘f n:&h@’ ¥W&Some ent rapped. These
POCKEl S5, M REUELIs ERBrBUEHRIU.S SPAEACR0ANSB9YBA! & faying thermal
withinthe interface which, in turn, reduces the heat
intepfBce svafaséeof the eamaoun:bnt bl maeslakltymcaﬂlytare megeuddr, eitler on a gross
heat transfer ou p ntertf ace. .
or a microscopic scale. When e InteFfaces surfaces dre mated, pockets or void spaces
are developed therebetween in which air may become entrapped. These pockets reduce
the overall surface area contact within the interface which, in turn, reduces the heat
transfer area and the overall efficiency of the heat transfer through the iterface.
Moreover, as it is well known that air is a relatively poor thermal conductor, the presence
of air pockets within the interface reduces the rate of thermal transfer through the

interface.



10

15

20

25

Moreover, as it is well known that air is a relatively

poor thermal conductor, the presence of air pockets
waowdohitoeeshe i nterface reduces the rate of therpel/usS2004/010087

transfer through the interface. W 2004/ 102660

PCT/ US2004/ 010087 3 To inprove the heat transfer

efficiency through the intenface, a pad or other |ayer

of a thermally-conductive, electrically-insulating

material typically is interposed between the heat

si Mko Bfstoed getheaniramsee rpldiety thﬂ)u@h lthe infer&iay, &pad atCﬁher layer

irregularities and e nate. air fkets Initia

of agRBImEA P OPERoTVR @eﬁm;%g;s@swé%g Prgtesial Gpreally ewné%rposed between
the ;ﬁh&t ?ﬁcﬂ%}g&% @Eon@p«?ﬁﬁfi {edrhslglg 2 asltﬁfz?ce irre 1ant1es and eliminate

tive al um nim oxi d
air @mkhtsrrﬂmmml}abmplousm &l thisguepase werd mqtﬂrxalsmuch @k sﬂhcane grease or

wag RSl Y SiRsar hrtierte fllbn i bR TGy oy Taterals

usuﬁlheaﬂers&%gﬁhﬁ‘iﬁ'Jr's@ﬁd Qifn&rﬁﬁl kY€ Eé‘nﬂfe@atuﬁ%ﬁﬁﬁ@? hquefy or soften at
Al'ternativél'y, another approach is to substitute a

clevatadetmpstatits ko Klewnandbptédr ¢omforn0tkicieraghlarities of the interface
§I|I00ne grease or wax. Such materials may be
SUL8%Hpounded as containing one or nore
t heAIﬂ&h&the@}ﬂ Nihid et W gpmm i€ W atbstititk | £E8red] SRRE-$RE material in
within a polyneric binder and may be prowded in the
Plaqed?fnﬂl@ﬁﬂ@@lﬁ% Ereetroet Wax{ ek mateitrds Mgy bei qomnoungest appontaining
onel2 IIGE e dTRLAL L BhAKDE bHEuSId £RO0RpHLLLARNES potmeric binder,

nopl as ers er e oners

andtiiy Bahmfwdddelh&he Aty oF BgredIshiedts) yapeaxpails, oMBgNEs Mypical binder
oxi de, zinc oxide, boron nitride, and 15 al um num
matgielp igrdudessibieamearyrebanesh theaneplagis MbbersefidaetBer elastomers, with

typlgli]ﬂfﬁiéréa{néludﬁlé?z{efgxﬂane g;?dg rng ﬁgﬁrﬁg{%&é gﬁlr?a dxidd §Gron nétnde and

i'cone or ast orte r et’e
alurhhmrmmtmieCHO THERMr) by the Chomsri cs TEC Division

]g’gﬁlrﬁgir @J‘I I T%&rg%é lnf@rfl egﬁiso%ganm& uggga % Soton nitride-
ﬁuééﬂ sifd %%% u?et eeéiastérﬁéﬁwﬁ&ﬁ@é ﬁlark%%dslﬂﬁ%f tHel e CHO-THERM®

hermal | y- uctive materiral for transferring therm
by thaéﬂg)merﬂfh é‘ E@DBﬂmam of RarkeoHaruifiof Cerpyrl6tHiagstonsi Indes, Hudson,

LY TN N TR D R -

she@Xi1&€theRh M- dHilublidd tnbRrialPRF @anderink MormallBEREP qrm material is
oxi dé, or Zinc oxide, range in particie size fro

forra¢rboif 2 uret@nebindens cg.t)n@ ggent, and one or more thermally conductlve fillers.

The fillers, which may include aluminum oxide, aluminum nitride, boron nitride,

magnesium oxide, or zinc oxide, range in particle size from about 1-50 microns (0.05-2
mils).

Sheets, pads, and tapes of the above-described types have garnered general
acceptance for use as interface materials in the conductive cooling of electronic
component assemblies such as the semiconductor chips, i.e., dies, described in U.S.
Patent No. 5,359,768. In certain applications, however, heavy fastening elements such as

springs, clamps, and the like are required to apply enough force to conform these
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mls). 25 Sheets, pads, and tapes of the
above- descri bed types have garnered general
waecwepvmnce for use as interface materials i n PEEUS2004/010087
conductive cooling of electronic conponent assenblies
such as the sem conductor chips, i.e., dies, described
in US Patent No. 5,359,768. In certain
appl i cations, however, heavy fastening el enents such
as springs, clanps, and the like are required to
mat@ii 1 e dn@gifadoosuefactsoincardérotonttaire aoudh siffael @ 2666 ent thermal
PCT/ US2004/ 010087 materials.to the interface
traniigh 1 Augass PlofTR PRIBRVE PERGHE e 2F geasppand waxes which
liqué} f'n(fél? gy LoVl eletvﬁtféﬂsﬂceﬁfperalnﬁge&ﬂmnﬁé’ rtoSQéT%referred as better
ications, materials such as greases and waxes
confmhmﬂg to Itlnaqmmt(gape sefaces wrdes oflaterelatovetlemainggressures.

t e er a_ ur Q?uﬁj[aéﬂag (epéﬁ Sg]ég%b%%dlg ! ?Ié(iegtw}\l}‘é]il ﬂl‘e self-

su ﬂdi’M‘hg hfi’(ﬂ?drﬁgst%lg 25 %0%3 ten@pdRRERMok ¥ascPbRAERAEAANER which liquefy
materials ("PCM') have been introduced which are self-

or afherposet mﬁgemratj t¢mpmt§r@bwethm the enrratnp deapelatirg gienge of the
elec§§l Bic %];rg{&%?rg gl{lt scmvl\ﬁ, i Esxojtr gfﬁlaseo&Pl%h%%{t}é\f SShforms to the

intetfRIE CirdA0dE.C TR epl&fse-bﬁ@ge ehertihk)N Ivﬂuﬂommneatsupphé(b ramn free-
a viscous, thixotropic phase which better confornms to
stangling filong, eqr aic Bealed Fereens Prinfrds entpha SEbSTM §erlans: @dyaptageously

flln(i\f]\llféa . 1218&? 311138 :%é%s:é? lnaklg dngc‘es ﬁlegon]fgm?efbg? qio%né Ihiffin R dperating

Scre ed onto a su e surtace,

tempPetviRnd 8016 ¢snpondnt naddraelativill 1ow kiangpieasessuaesdo fiuboes5 psi (35
In conformably flowing within the operati

kPa}. e nptobamgiesialst aehirbgindsrraihed dﬁd@}mmemé(fa}sglgv?ﬂ i, Patent No.
605%'1?@%? 1th§é§¢&{l}§x§>ﬁ§f 53%9 rpﬁb éalnoﬁéfﬁjszbb’@()ms%@hwooo36893

matefials are I'n commonl y-assi'g
and WO020519%61651 aldbU.S. Gapﬁlie’b,tlbﬁ&enahwm h0RAB,970, filed October 21 2002,

e T RSB35 805 5 DAY R mpgon” Such
mateted1 %]k gﬁrk&éﬂ &d 1ﬁm%7c@au3f ih&s HEtabRs BIFRRAIDW®S T310, T443,

entit her mal Manadenent Materials Having A Phase
T70€haﬁi e U%pené IAGB5 "'bySihe HChomeeriss iRilvisicar of Rarkerellahifin Corp., 16

Tlagiie DiF v e 5 Sk 05, P CRIBPHELE by ys SF in US.

Patéhft Iﬁ’@r k891 4anNiahd Nr&ah Bketed Scorfime@sdlgN By DﬂleBergl]luﬂS @umpany
03051. Ot her phase- chan%i& material's are shown

in
(Mlmmpolzsﬂ\m wider ke traglegame SHR-FLANY ™41 &y idiekaegay, Inc. (Cleveland,
OH) urqggrr ﬁle %ra&/en el bIePgﬁ/nglqu Ll b§}°59<91@y Inc. (Stilwell, KS) under the

tradename “THERMAPHASE.” A phase-change material/metal foil laminate is
marketed by Thermagon, Inc. under the tradename “T-MATE™.”

For typical commercial application, the thermal interface material may be
supplied in the form of a tape or sheet which includes an inner and outer release liner and
an interlayer of thermal compound. Unless the thermal compound is inherently tacky,
one side of the compound layer may be coated with a thin layer of a pressure-sensitive

adhesive (PSA) for the application of the compound to the heat transfer surface of a heat
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(M nneapolis, MN) under the tradenane "H -FLOMM " by
Thermagon, Inc. (Ceveland, OH) under the tradenane
wO To0R@MBRM " and by Orcus, Inc. (Stilwell, KS) eemes200fe10087
tradenane "THERMAPHASE." A phase-change materi al / net al
foil lamnate is marketed by Thermagon, Inc. under
the tradenane "T- MATETM " 25 For typical commerci al
application, the thermal interface material nay be
supplied in the formof a tape or sheet which includes
sinkanni sxder toafadilitdié @ntonmetedadigpehsing randngplicationntherduderareleade. liner
t hermal _conpound. _Unless the thermal conpound i.s .
and i GopouRel | ipterlayedy Of T &ansi ofe Shiet (e é’Sn‘g‘BuﬂH ool fefprics of
T 0 r UF-Er -
i B R 0 Bt B B G et e finer
and fhoedédvett tht reais§iek using file edhebiva lineatin WOoROEM0182EHE] and stick™
PCT/ US20Q4/ 010087 . 5 si.n n.order to facilitate
eop Bt BRaiERT B PEACIRe tap P ko kB ut e
r el \Wafehe bAd'Béing adcbréPNAL Relati tRinSfel 8Xi€ice T thdthehfiediSipation
sheet may be dié cut to forma series of _individual,
menphes-Bick ed phels. siaoh sprgddarhard weth the eweplied oy plase ke form a
i nner_rel ease, |liner d bonded h in '
protp ¥ eairEn e ek yiFhce ot e BRI A e BERbaiT pBihd pad
mayPb& PRIVidS A hn itk temséﬂﬂolgﬁ rHrivr e dniylldtion ffefme aséamhbly, the
manufacturer. Wth the ei ng adhered to the heat
outer pelgafeelines is remeveds fremdhe pempeyndglayer gad ithmpadvpegiéened on the
heat, si e | : er
ctecff BiBppRt s fhp il SEENFlorplic Wby RUEET
surdiheenaferialie a¢ oxgpaplifitdlia 6, Pathet Mo s54EA2S grndembemmonly-
.and ﬁad may be grovi ded as an integrated ,aﬁs nbl y. )
assigpqdol)-3- Paterd Do At 3 lohl b fant e MyKeledgpmpergially by gy Chomerics
DivjsfP3C PahQ ik EHES (Bl hbenbABPOYNERMYCFORMI” arc
e pad positionéd on the electronic conponent. A
commhatiyp refapred o us dibrinal seafiace compoasdse winllys, i formlimpce materials,

O her, materjals, as exenplified in U S _Patent. No.
or egcapsylanisy Thesg mﬂ%&ﬁ@?@y ue §wgqql_§3 <5, cargsg e or more
tubed; dGaiftdid; afGhedike RS %@&t%eﬁ?&‘i@&ﬁh@d-ﬁé&t BYuidh® otherwise fluent,

onerics Division of Parker-Hannifin Corp. under the
filled aeaetive SERWLAWERRMIIN 4t ragre ot Slevaiertemygeratufasite bd farmedsin-place

wittin ¢ 8ap of cSipSf I8 SRR I cRbuR g BPT o AlpRFSign ey ve
cartfife SIUABE btk AotEdUPesking §Rtemsone or nore tubes,
containers, and the i ke as, nost often, one or

t wonpeiew of thei Bregoing, Hemillse pprresieted that further improvements in

thermal management materials would be well-received by electronics manufacturers.

BROAD STATEMENT OF THE INVENTION

The present invention is directed to a thermally-conductive interface, and a

material therefor, for a thermal management assembly involving, for example, a heat
source such as an electronic chip or other heat-generating component and a thermal
dissipation member such as a heat sink or spreader disposable in thermal adjacency with
the electronic component for the conduction of heat therebetween. Particularly, the

invention is directed to a material in the form of a thermally-conductive compound which
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filled reactive systens which cure at room or el evated
tenperatures to be fornmed-in-place wthin the gap or
wae@oeowpamsnt to which the conpound is applied. PCT/US2004/010087
Application may be 20 cartridge or tube guns or other
di spensing systens. In view of the foregoing, it wll
be appreciated that furthergi nprovenents in thernal
managenent nmaterials would be well-received by
el ectroni cs manufacturers. BROAD STATEMENT OF THE
mayt DY/pMMIEN dhe qheasmnpadi xé/ot wdilch magh beedispdlshbie,asuch under an
t.hermal | y- condyct i i nterface, and a

eppYH{LPTERUFS 25 570 26 AEFFAPT RS AHSPRAPZZE o6 yomﬁ% ?Q}.fﬂﬂnmg an
1nte£19§er%ﬁﬁﬂpk contb1ARRbr o ONASEco G bR @é%w%&ﬁeﬁ{eﬁ {%;rﬁci‘ﬁg'sﬁrfaces

eat -'generating conponent and a therna
of tHe sdcpathicocompuriset asdithe hsatssilieat spicakeroto gmvahderlow thermal

di sposabl e i,n thernal adjacency with, the r.on
PG ey B ERETibh At FOHOs 2l 1owes SR dftbedance for
lmpP@eglhgﬁlt%gﬁérFgﬂ@rmgneyent| on is directed to a materi al

in the formof a thermally-conductive cmgound whi ch

mﬂ%&ﬁmeza@@r@mpﬂmwm@@annvmn@y pgﬁi@vladwhasse of a

s RS 3B B P 10087 3 Sl b

and faltBEAIIROAL e, lﬂaﬁhﬁﬂat@ illbt ®Bichin@dy Bedsd¥ dtdn@B metal powders or
interlayer which is conpliant or otherw se confornmable

metplegnkametad nitrides cpra@mﬁg; stiohafEidess hate 2 fixed padiciopipe within the
d t
mat%%%r\f/pst%nﬁ nﬁat%ﬁ] agﬁmgﬁ ﬂ?c'len 5129 Ehe?uﬁoref‘?%giglés n‘t))l%yrg{nang&m?%ﬁess of

ernal ce acr oss

the afate@tatis/ithtinde 1ﬁthﬁﬁ¢mformﬁpbd9/ﬁaetlfeabspebnw avédehefithe assembly.
transfer performance. Heretofore, .materi al

Advaprecqsheith hanbesm ekservath dhas by widiang pfhe ¥-08¥13%°ﬁ"e a phase
chagébargﬁg 12ﬁgg’gffM?r {vilch: oY Rl &gg ghﬁ{sev‘@gﬁmf OCOMR8Y phase of

resin or wax
onet brefrived Ipxb}wm@uﬁiaterﬁls patheimall mtefdce | doarponhd ahayrivg foemulated

one or@gore et al rs or 10 netal or n

whigh e Y crorbratbls My BR f RGPS TR £ QHph e gpigimum
thlcﬁhgsg LBk Ny iiRe mﬁh&?fa@é o? UsdhdiiRatndeAendsE N Rrmined by the

particle size thereof defines the m nimumthickness of
maximannpdrécle alzewif ailier.t he i nterface forned between the

r es em].h,lg@t@%f%iﬁ%@@gﬁ%rﬁ; 661'?)3%%1? ¥~c§1i14+6t1g<\3/ %Q&S&mdj gfl t¥1€ present
mvéﬂ?f%h@!fdrﬂm%&ﬁ HE b H@nixBurP RAE S1on ARG ehdtRab Bleate, (WHREEMnky be a

which fornms a dispersed phase within a continuous
pasisherspastd-like in consistency, and a fusible, i.e., low temperature melting, metal
component. The grease may be based on a silicone fluid, or on another fluid or oil such
as a mineral or hydrocarbon oil.,, and may contain one or more thermally-conductive
particulate fillers. The metal component may be formulated as a mixture of one or more
fusible metals, one or more fusible metal alloys, or a blend of one or more fusible metals
and one or more fusible metal alloys. The fusible metal component is selected to be
form-stable at normal room temperature in a first phase or state, and conformable within

the interface in a second phase or state, and as having a transition temperature, such as a

melting point (Ty,) or glass transition (Tg) in the case of the polymeric component, and a
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15 one or nore polyneric materials, a thernal

i nterface conpound may be fornulated which is highly
wa@omitaozsabl e for | ower contact resistance, andp@hiusivo4/010087

the m ninum thickness thereof within an interface or

bondl i ne need not be determ ned by the maxi num

particle size of a filler. hn an illustrative

enbodi ment, the thermally-conductive conpound of the

present 20 invention is fornulated as an adm xture of
meléing ot Ukolidns) beriaidugriaathe, caghiof herdysible metapastiponent, or a

paste-like in consistenc and a fusible, i.e.,.law ...
tran S SorER P ERET H5 TRBLEiF. DO oRE SFoonEiAbads ihich Thagjthin the
opeg@?FEQQﬁ QA& rlde (?fot‘ﬁ‘é‘ didcHbflic QmpdheANahf E%{/p%;!dgk} Het®een about

as a mneral or hydrocarbon oil.]
40-0@xiCai n one or rmre t her rral I y-conductive particul ate

fiI ers. The ne aI rrpon e forrrul ated as
i xddyastageoushe By frh %ﬁv Aoy Teen yaly e} Shipip thermal
COH?USI }e@ dﬁeﬁglor@érld}y ouPQO @wﬁl RNG: ﬁgreoﬂﬁcﬁrarén%ﬁparable to those

e netal s one or nore fusible netal
eXhiBlltedbeSIObheen‘imhall nmﬁppmdm patisehtec filldrst o Mereover, Wlthm the
abl e at

R SRR 2L B ST STESLEL S Suld Sl g derma

greés@ stcS 8P RRRSENOhickhadsef twﬁlt@fﬁceaﬁat&gal%eea a;as bt ligfited by
enperature, such as a nelting point 'nl'g | ass
) éherma

the tSIZalﬁ the dus1b1$g)1&:tah ﬁhﬁh@ab@ V(mtuq h%ﬂ}?olllsf 1 grease which

onpanent , and 4/ 102 1
remﬁgstylﬁcgua Oa[ POy Beillpl%ﬁ]j 16, 2 fe?ag %Q% e{n%laggﬁcgl%ne ‘ﬁnckness
(MBISIY! Bagebel achRFBO Nidbx rsllauaelyt %anapphw PréRDRS aﬁnﬂ at room
rangé fromthe first phase to the second phase which

temperafyre,hvithtthe MBpdr hegangng evpe rthinpere ity serytceots theefusible metal

chafiyS b il RRY SR RS e EREEET, 20 o

al | Diysprasne hﬁ/ehnmla\taddm)gty borpiides tiatomisianithrco f alemews which
on the order of about 20 WmK or re which_ are

are exFpRIEEaY) 18 tb‘?) detpidededisgdosieia @éllOWy 4& ¥apkages ahthe nrgsent invention
incREYGeH AL ln?%k gemflﬂehhle%hch é&\‘rxﬁd’l‘)‘lé‘ £ ?owered contact
i'nterface or bondline, suc neta 'oys also are

resiiandeo andh hherewe flvidri ehdah eramsfer. gFmﬂm &imhtaghatlnﬂh@ a thermal

. mnimum thickness of, the inter,face materi nee
integla0g TRAIPRR Bpichio Mae DS omlpiet nBY 1) By abRliglips' fliring thin

mlﬂv:#ﬁfnhh Bbndi%, Wididnd&e®f M 5208 wiidnh g o %&Mg a material
remai ns vi Scous at room tenperature,

havirg lsith belkytheimal propertesn Stdhﬂn“nhmead\hntagmmlude a thermal interface

material which may be supplied in a sheet, tape, or pad, or in a syringe, gun, or other

dispensable form.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the invention, reference

should be had to the following detailed description taken in connection with the

accompanying drawings wherein:
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("MBLT") may be achi eved under relatively | ow applied

pressures and at room tenperature, with the MBLT
whewaase0 even thinner in service as the fusi bPer/Ie1084/010087

changes phase upon the powering of the electronic

conponent. 15 The present invention, accordingly,

conprises the conbi nation ofg el enents which are

exenplified in the detail ed disclosure to foll ow

Advant ages of the present invention include a thernmal

I ntEef ade anﬁ&trﬁeb‘a?ife vwieinc bf b gefretenyative thenmmhbihterfhor pad having a

| ower ed cont act st ance and nore, effi t heat
confRRBIeciYTFRl § HEFTEMY PRGBS PHEPUUE BTERGIGhIn accotdance with

[ terial WhICh may be formnulated for use in
theg Fllxcatl })[r% requiring thin 20 m ni nrum bondl i ne

t h| annésrseas c(dSBBtéﬂb)lal wietw whitleh tlesmal svedpscpddyiofidiig 1 taken

I \g high bulk thermal properties. Still
throf“@%ﬁ 3-% i;lrges include a thermal interface

mat Fi@' alig Mbﬁlﬁtl@iﬁﬁh&iﬁ‘mg Hﬂ@hioﬁﬂldldgyaofsﬂﬁ@ ehernfa®PEmpOiind forming
ringe, gun, or other di sgensabl e form

pad,
the Bﬂhiﬁﬁn@ii@@‘?bmﬁv tmt@nmatwmtez@w@f w-duller

randn the n reand ts .0 - oo
%1% 6?121 pF%P%CtW Somey oulsgh%l ﬁgﬁg\% 6)%tah1fep#e|§$rftat1ve %pphcatlon
of ﬂl%t flehedlydesmanéiple @cﬁnp@hﬁnof ttheC pies&a t inoentiint Bs divpensed onto a
acconmpanyi ng drawi ngs wherei n: WO 2004/ 102660
surfagq-/ US2004/ 010087 8 Fig. 1 is a perspective view of a

c on nan%fl }éér PeGC{lOg Ofr%@} Sl}or@vleﬁ%@(fﬁer&%fjl tﬂé?‘i’a{c@ Qf B O%TI} as bgnded toa

ayer I'y-conductive c
plaﬂ‘eqlir[mléaam@ld forusade a kepaeeataive thermblemprags@ant assmnlnim on;
2 is a cross-sectional view of. the thermal

i nt I gé&‘ea RS- g,qctlpp@l vigw 04 Rappressniativg &@qrqa managemegf assembly
WhglJFQIi tﬁé’ hedt! stk shd 1§te§fag§gf ff(? QNS H@% 234 id B@at%%? |a%g¥ency with
rmng e

ermal conmpoun conf ormabl e |"ayer
a hedt gtehﬁamﬂ@ela@ttomm tenparat pat theinterfae deing iBtegpostd iFeenductive
ive,

heaf ébar“é@é Pﬁ%é%%g é&tlltalb 6]11&; ggm\é]mﬂft %}}%C?:ﬁlgl%grlle%t \Qbelg\fovgde a low thermal
lm};elagﬁdg?ak% Reledtiveen,conpound of the present invention
pens d onfo a 10 surface;

Fig. 7A is a magnified view of a portion of the interface pad of Fig. 6 showing the
morphology thereof prior to phase change in enhanced detail;

Fig. 7B is a magnified view as in Fig. 7B showing the morphology the interface
pad of Fig. 5 after phase change; and

Fig. 8 is a plot of thermal impedance versus pressure for a representative
formulation of the thermally-conductive compound of the present invention, and as
compared to a standard thermal grease.

The drawings will be described further in connection with the following Detailed

Description of the Invention.
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Fig. 5 is a perspective view show ng the thernal
interface of Fig. 1 as bonded to a plate-fin heat
W@ R0W/162850 use in a representative thermal nmanaPENEsL004/010087
assenbly; Fig. 6 is a cross-sectional view of a
representative thermal managenent assenbly wherein
the heat sink and interfacegf Fig. 5 are disposed in
heat transfer adjacency with 15 a heat generating
el ectronic conponent with the interface being
DETATEFINBES CRIPAIONIOF THEHNNENTHOMN er contact with
t he .heat sink and co nent to provide | ow .t her
i npetiaTe eteﬁ‘ﬁ{“ﬁ%@' tn’lkPg’F et U Y. t%?Angoantl%gFﬂn‘?dogﬂw for

con¥eRYhRS ra?rhep%atﬂ /R M ﬁrﬂﬁin‘g%tﬁﬁ&%g erfagkHp1El @e t6ms “forward,”

show ng the norphology thereof prior to phase change
“redrwahhénged’ ‘deft.3i“bppe( #Fddglowd”idesignatagimictiied: witbevdepvings to

in Fig. 7B show ng t.he norphol ogy.the. interfage .pad .,
whigf relefbneg i Bt "HHia L8 IEangaY “Hnd FEGIOTE TEG qirgpprd” and
“outvatMelexiABLUBNRE!, vV 6F HELRAESSHIBnE, QbspRcliRIN, a8 efiledlidnsQoward
formul ati on of the thermally-conductive conpound of

andt pwajpr @emnthei nenten iofnthe arrferarcedc eleprnkdand the seamdaralial” or
“ho%i%«?étgiglran%r‘%ﬁfc’a ’ of2 5ve-1|:tri]cea\}\’;j i%g\” ngf’{;e\émp‘lfclgiv gg@ﬁé&?@g, axes, planes

I'n "connection W |

perpsiidult ddnpahlldlne theventrhlobng6RiRA04id 26GEO referenced element.
PCT/ US2004/ 010087 9 DETAI LED DESCRI PTI ON. OF THE

Terprigveney @f @evlenimpedr phaoltrgy heayvosds enpstibsedly mentipred above

1ﬂ<e%§eci1@ !t@i}%: Qi ferlPhd @e%gcaged fﬁpﬁ%zﬁﬂéeé %g%o{n?e‘n!ik%%e 0BG tha¥ in any
any Timting purpose. For exanple, the terns

limitingrssmsed, Also" dseaedaicebiti, “stdtg bharge” heft be' usadpipesrchiangeably with
"l ower" designate directjons in the drawings to 5

“Phae dHNEEt oravRkecqnisigndwith iag deseiRtiqieplisparpts fptgrial phases, such

as ai:éo%Eiﬁﬁélﬁranm:{l a::cii ftd phie, \:;:vitﬁ A, ;p,o%ﬂg or TaQMf HRfds”
exterior, outer,® or "outboar referring,
r eslpetbeifigags, elemedisrlmyingoas atpbwamokericadabigoatign fmaynbe heferenced

herSS Ll DS, et Srenced el enpat, and the LEOme \ooo oo
oy Ly o e e
figuasd mapbe dhsignatéewish cepirak eeference 10mdiglsvmioh sgl! bf understood to
refe%mtkgt;@&@tﬁgﬁ}eggﬂhgf t}}eheagmten Can Irlcgtsthg %?e%ilgnit Ca%'aI Whole. General
references, along with references to spaces, surfaces, dimensions, and extents, may be
designated with arrows.

For the illustrative purposes of the discourse to follow, the thermalily-conductive
interface and material therefor of the invention herein involved is described in connection
with its use within a thermal management assembly as a pad, which may be die or kiss-
cut from a sheet or roll, which is adhered to a heat transfer surface of a thermal
dissipation member such as a heat sink for heat transfer contact with a mating heat
transfer surface of a electronic component. Such assemblies and thermal interface
materials therefor are elsewhere described in U.S. Patent Nos. 6,096,414; 6,054,198;

5,798,171, 5,766,740; 5,679,457, 5,545,473, 5,533,256; 5,510,174; 5,471,027; 5,359,768,
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likewi se is to be considered as being used for

pur poses of convenience rather than in any limting
W@ emgao26i so as used herein, "state change" mapChEsSu8€010087

i nterchangeably with "phase change" to avoid

confusion with the description of separate materi al

phases, such as a continuoyg and a di spersed phase,

within a conpound or | ayer thereof. 15 In the figures,

el enents having an al phanuneric desi gnati on nmay be
5,32&582;:eM8eY32(h Sr298V9¢ ps,L 5,20 €8,31 30868; 0, 10H480] 3,83 1h9F9; el 67,851;

5 18&7}94(%0@91 P @%rgg@%é;zgg?%ﬁfégt s 6o 4150, 99#{}%@120 011; 4,782,803;

47698851 4 9@519870&@58, 7. 21!966 ok 496@@7@ 8,478 14 Bey 466 @gff 2999.715;
be ESI nafe Wlt separafe re erence nurrera S

may
andpRi92R, 99 al It WJB hendoretiged] havevenftbat aspecthat the present mventlon

t f t.
w0l B e Sl B LR TRE oS Sy BB B0 s o
tapk Onﬁlpaﬁﬁiﬁ usé U fAk@ SthehhdTEReh QBMenB AP IR, S, TH¥BMakeial of the
designated with arrows. For the illustrative purposes
inveptiqraseimey betigaid disespqdow, otharwisetphed | inya lageduataftioe onto one
of H%tk?era{ ﬁﬁﬁsf@\? %@Esef)%% reét gﬁ%ct(}neaynlsj% él{“c{se Q}\SM ?ﬁg %mlfe roller,
ereln’inv f COnnectT on i

druns @r Withdni dzoaang Herastahg, Fﬂi@lﬂg@ refiingsaeiitloy, a&edn, p:&dl.sfer or other
whi ch e die or kiss 25 cut froma sheet or

ol |
privfiee gng §I¥%B}ﬁ%r SHCh sy md applications drerefgre dogldpe aonSIdered to be
exlﬁ&%{m thind] §§do@§gmfg Elvéﬁ{fbﬁﬁ as a heat sink for

trans er contact wth a mating heat transfer
sur Rafeeringd thaned &mtﬁgmes:whmmmmenbporﬂu@me&srsmmtﬁhlamtemake used

thermal interf terials therefor are, el.sewhere
to JESEnap cEPTIRPEE 8 ?’a-rg gl@%g%e 4EXCTal BeHs V@éh equivalent

eleﬁeﬂf%Sbéi?l réer&@c@dwv@th rifn69 of"as.%qué}téff Oﬂ?aﬁum%n§3§es?g§1§t1ons a
5,471,027; 5,359, 768; WD 2004/ 102660
repmmtm@(lhﬁmm&bndu@vfs aﬁarm@z pa$ B0Ac@Zancs, 241, 784 ; present

. 5,250, 209; 5,6 213,.868:.5,194, 480: 137,959: 5,167,.851
1n"§’flti‘§’11,s7"?‘9wn§eﬁ%r6ﬂ3i 410 1 pFEepHYe mzstlf" 1§7if“1‘?§1 CT&’S%%’hB%ﬁ Fig. 2.
Withi8 69 tBadial 4m ehdht aéseﬁ&%f gé’d 104 is/ GtkeBrblable intermediate, for
4,685, 987; 4,654, 754; 962; 4,602,678; 4,473, 113;
exampie BB oL ApEBiNgB! transfer Swbipes, $0ch ag fromi 4 hedsesink or spreader
anda%@{(;egf é&te,?gglgv\%qlg\gho?%q {:oﬂﬁct)r%e%’ts gﬁe Iﬁﬁs E)OTt chv\llcl?ezg E)w 1mpedance

the@h#lBf-corluktives pedivay fthérebet@eed. a}lﬁrthfsofdghﬁil,l cehfigs 1ﬂterface surface,
tape,, may find use in other thernmal managenent

ref%rsquo%@ppr@}ig at Theolragddil; i dippsablein ¢q4ixdéﬁwedwabrr§@sfwntact or
adj gcge{lgé Si#t s ?% Sdgﬁtgé O 2L traflBE bR 8s 2RRN £ opfbsthd 8¥8hd Ohiterface

surface, referenced generally at 14, of the pad 10 being disposable in conductive heat

transfer contact or adjacency with the other of the heat transfer surfaces.

Pad 10 may be provided in the form of, or as formed from, such as by die or kiss-
cutting, a sheet, roll, tape, or the like. In basic composition, pad 10 is formed of a layer,
20, of a thermally-conductive compound formulated in accordance with the precepts of
the present invention, which layer 20 forms the surfaces 12 and 14 of the pad 10, and

which layer 20 is compliant or otherwise conformable between the heat transfer surfaces
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of the heat transfer surfaces by direct or indirect
means such as spraying, knife, roller, drumor other
W@ o@ii1oage0 br ushi ng, casting, dipping, extrusi oPCT/US2004/010087
screen, transfer, or other 10 printing, and the |iKke.
Such uses and applications therefore should be
considered to be expresslyimthin the scope of the
present invention. Referring then to the figures
wherei n correspondi ng reference characters are used
of the tlttesial RRinegeent @searbdy.n @oe hease ap;ﬂidatiomn,l ghopbutd éyer 20 will

avg Zg@%é\:@?‘ﬁgﬁdﬁl‘ﬁg ll'lllb 1% %t p]é’q 5}1@*2%5@ or less and not
greHESiH rgif?aai)blgtn% nfis316 gﬁg:g@@ew& 'eXﬁlbftho?fHEﬁhMYmYﬁ%ﬁ%&t kY as in

interface pad I n acc w th pr esent
accondegret with ASTMhB\MWQ; arfdretivden @toui_l_o GlﬂO P2 PEpBtIW @ 061013 °C-

o Vi o s R et g R SisoRlmph b xRy Rs470, of e

kw#ﬁ&ﬁﬁmﬁﬂmﬁﬁﬁvaor exanpl e, a pair of opposing heat
transfer surfaces, such as froma heat sink or

s priszageordaneeiwith esapregpat @tV@muwg the élmmalhf-éomeﬁm eprpound of

e e RPrne My Bhsrot BB TRl HOPERRY Rty gy e somova

styliZ2g affdrpliblddieAl ilent plﬁét@;@ﬁ:régtﬁﬁmﬁﬁ deprtieheof dgdyer 20 which is
gener al %& at 12, of pad 10 1s disposable in conductive
refeﬁ@v@pd g 3hisr Big. S eddendgr othey Jaé@@ﬂesﬁ Qfia pnERROUsfohasfecomponent

or o?l%? eCO#lgtﬂ‘HéIt %\;hl%yfég@g ?ggne%lh{;'e ﬁnﬁ@t&%?@% ﬁgeogg, 1(1)1flas{eﬁ gO, and

rface surtra ere gener a

a dipdrstd pleisegedispestabl eother camdtieht wehibleaforms rgensfally discrete
contact or_adjacency with the other of the heat

doraaa fe P! Whichds Eerenesdmh 34,161 TR BABRRRERY i n t he

for i Ofconfludls JHasd™e ?Iflf)él’%][ beUsiBvi %dba?é h&t gr e leBaily termed a

cuttlng, a sheet tape, or t asl ¢
therbripoOsist iod rp,astp,adqt]mha: serfnofthethab foramse’™ h@‘em bezmg addpted and used
ound, fornu).ated i.n accord

| nd
it R BB (M e B oo DRPIE RIS Vi (dbsotute or
1ntri ié?rvv}ggh Wﬂég‘ﬁeﬁv‘ééﬁ ) 11)2)0@%0%0% tivez a4 such non-

whi ch FayeF 20 is conpliant or otherw se
curmgrgreasmaba}e bb eenerelty tfioren- Btebhe arr gehdiker 1.6 uneREERiNgD slumping, or

2004/ 102660 PCT/ US2004/ 0
Sagalaﬁa?éé}%maf)a Wa‘m ena%}b%? ﬂ) ﬁé hﬁ&"ﬁbwﬁ? may be
serﬂlé?}gﬁﬁ&, i ;ﬂqluL o?@tﬁ%lgﬁ ﬁ‘s%%% or vfs@(@e%s@i@%ﬁ@/oﬂhlx&romé‘

5mls 5 m or less and not
gr e‘%araculaﬂwtha ﬂmum::llzgeatsalmay $540i0-bejed, ambimard paréigiatly based on

MU T I G R
oil &, as commonly termed, “silicone fluid,” which may be an organosiloxane, or a blend
of one or more of any of the aforementioned. The grease may be formulated to be
inherently tacky or sticky to enable one or both of the surfaces 12 and 14 of the layer 20
to adhere, such as by means of surface tension, at room temperature under a low applied
pressures of about 5 psi (35 kPa) or less to the surface of the heat sink, spreader, or the

like.



10

15

20

25

5 cn2/W, and a thermal conductivity, such as also in

accordance with ASTM D5470, of at |east about 0.7
wOLomMHK026600 accor dance with the present inventiBPor/Us104/010087

t hermal | y- conducti ve conpound of the confornmable

| ayer 20 is fornmulated, with reference nonentarily to

the sonewhat stylized norphpl ogical, i.e.

phot om cr ogr aphi cal, depiction of |ayer 20 which is 10

referenced at 30 in Fig. 3, as a blend or other

ad midditioeal dflless arahidditises snaytizsiacimdep onthettheraral gtdass compound

dep lié Ill{)%lg?tq ;Vggll}l%g@{ﬁ%%g& ]gq,]gal{]lg&lgﬁl | CO@%}{ Bﬁﬁgigne tr Iuéh fillers
andcmm‘é‘n(f«hgéh Rlahede S&Hﬁdnﬁé’@ R thMHC Bl fRPonefngr &lcdbMventional

di screte omal hs, one of which is referenced at 34,
mixmg mpardtig nmaztmpbudp heiseengonal Westingagantuaugirfahtagts, opacifying or
rovi ded,.as ener al

iR Reey g U AR Lo HERieThd PP [RETRap suabilizer,

ﬂanﬁk! e@%ama a6k s kRtitdoReephan ] ddiel atdoxil gl wbandBadnuctive
h the term"thermal paste.' Dependl ng upon its

ﬁllem ﬁ@shzeysg (dagpsoranise flow modifieisn tickifioyh ifdm-ieeforcatggeolymers and
othe%%t eIl 8 ﬁlgé'%f égrs %n}xﬁg’s‘)@m%%lf‘cg (10-300 Pa-s), such

e generally formstable or

gel Fdr difimal tlesrmanpérfdriantd) ghe Gil voMmpagent afay lﬁeaggmmnaéd with a
normal roomtenperature (between_about 25-30C)

COnFeIHINA] éhenm}iyrf@ndwvgemm@émed fillep prpatticlfsi af %lich %ﬂler being

o BORIANSR H PP SIohaPot AT BOULES L aIGRI G
oil tmhﬁon:mt i e yregwdriion asﬁxdwnﬂ to assist nepajwdmg hiyed) tMcraalbmmductwﬂy
such ,as a

desg%ifcg?ta% |1§tter?<§etd's$:np?1%tﬁ@: apd B%ﬁralgf $i r&ﬁﬂﬁ%ﬂ%@ % detgggn about 20-
80‘%?3&%&?9{%@1& B the oiMabi E?Ifgﬁy alf %iﬁ@rh OTHAG0S Lh@%RAR ofothe &ller is

one or nore any o e af orenenti oned
not ﬁheesgprﬁasahmi;fobélefpmrpmbsamfetﬁe poeshet iggentione e thik ye gaed; ltlye filler

ma}i e 8#3 yh%enp@}l, na%ggr?clﬁ S%l%hg%getdhgglgehp el%tyu{r{cf%if% 1brous such

as &Hﬁ}lgeﬂc@r thRa IMRrs, Bht ﬁ1€fé§ﬁbﬁ}emﬁbé‘§ l}bbﬁ/dbhn&%th& ﬂa@t\i‘éulate to assure
appl i ed pressurés of about 5 psi (35 kPa) less to

unifone dspefsat mcblﬁomb@nhwm@hamoa@déh@eml pmpettm The particle size

004/ 6 PCT/ 20 /.010Q8 2 Ad
or PGy éﬁﬁ e trel ] SR birdeh RO S kg i 025250
um¥ R ERy TRARGUREY @@ vpen YROthidihess &Y ErertR Buiallé thermally-
t he partl cul ar ap i cation envisioned. Such fillers
conductive fillers, which may be either electrically-conductive or nonconductive, include
boron nitride, titanium diboride, aluminum nitride, silicon carbide, graphite, metals such
as silver, aluminum, and copper, metal oxides such as aluminum oxide, magnesium
oxide, zinc oxide, beryllium oxide, and antimony oxide, and mixtures thereof. Such
fillers characteristically exhibit a thermal conductivity of about 25-50 W/m-K. For
reasons of economy, an aluminum oxide, i.e., alumina, or zinc oxide may be used, while
for reasons of improved thermal conductivity a boron nitride would be considered more

preferred, although a combination of one or more oxides and boron nitride may be used

as a compromise. Loaded with the thermally-conductive filler, the thermal grease itself
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and additives, which may be conpounded with the oi
conponent in a conventional m xing apparatus, my
WO pokaaseconvent i onal wetting agents or surfacP@nus2004/010087
opaci fying or 5 anti-foam ng agents, chain extending
oils, tackifiers, pignents, lubricants, stabilizers,
flame retardants such as degcabronodi phenyl oxi de,
anti oxi dants, thermally-conductive fillers,
stabilizers, dispersants, flow nodifiers, tackifiers,
typicallyrwile exifibit @i thernixt lcopnaircsivander (LS DS of batweten abodt 0.1-5

Witk i s e DS SR B oo aRo | P
6 Q%? fr?lQW:)O e Q&h @lwﬁ}bﬁfe el{%’tlhe %ﬂf&%ﬁtdr\()%e?%ﬁlt énﬁﬁ‘%cﬁfeﬁt generally

partlc suc l'er being represent
forrnﬁ)a bmdbmm/whwh:%hb ﬁﬂerl-@agtml@ ara Hlspérsé:d er typically wl I

D e i SSRGS [ BT2R0NL Ling o
ben?gi’%@éd' t‘é'Herorrﬁ%%bl@ﬁ Ifo‘i’lhalt R8m @h@@ﬁ@ﬁe%@' ARt DT, in a solid,

and generally wl | oaded at between about 20- 80%
semoh@tglasswrmst@mln@ lf@stqmasecm@ﬁqehmt asrbptantiadly, copiermable at

Sj z d shape of the filler is. 15 n -
on BeFReL2mBOARFs, B tihBstbive dhnidar b Dby SERGRRbGr qrpervise
visdok Sedo@fl hdse @mﬁaffel IT}ﬁpha@aﬁaml@{ teaipergeresahe sﬁ@aged phase

i ncluding spherical, flake, platelet, irregular,
conmomlafugvhlcgumﬁy besits MsHpEdleBP Ay efépmuab@m stalle ‘first phase to
ﬂov%b% ?ercggé ﬁh ;ggfe bﬁl}pw cﬁft NBIgoPAr LA L, ﬁtb% t&ﬂ’cfred to fall

assure St h I Spersa onogeneoUs nec

witBindhd Syesrathlg temppatire eSmoairbeecmnicl Ohgoseme or
distribution of the filler typically will_range from
bet Wl Aisaeset Plasg compopent fophps. thg gopgingnj4 maibepgyin or other
d Iy
pol%gl&ilpag{sg&?{%\ghg@%g Eoncfd@t@%%%feﬁa}rgmsﬁ ?ctvﬂiéﬁ/ o %629 fusible,
i.e.elowh areltﬁigepdsmt maéﬂay or mnﬂal@tlloyeofoihe nype mh]lqzlnus vcsmmonly used as
i ncl ud ro ita L bori al um num
SOl FRGermei ks e Sy HeticyRine Sispasre oSty baghe or more

of ﬁfch%&éﬁble%é’tﬂ?&nk}ﬁ% oPREbrE 8PR&h fulBl@neOX 1al6§s, i mB&ure or other
al um num oxl magnesi um oxi de, zi nc oxi de,

conlenationi efmmexirdeoreansibinnetatsrandoxiede, maredfusibie et alloys. Such

metlaﬂquﬁ&fllox%ﬁrmf:@ﬁ?f#{/%h% t?ng‘é%@étsaczqtger%% t L call QI ﬁ.bcil sbﬂ‘om a solidus

EARRD S0 of hgﬁi‘&ﬁ@pf&(mpélﬁtu?é LHF EB%%&% l8&ut 40- Q60°(33|(m 5@°F), and
r zinc oxide may be used, for reasons of

usuplipcantgd onber rmlre cfimsmuﬂn, lpad yara caxbnmm ahd iridiemontlatbolmpay one

consi dere preferred, altho a co nat i on
or 3 OAE T SIS e A5 SO AR BRITARES” R ML tiagie glloy s
fon’ﬁﬁﬂ%oé'@ §%n1xﬁ19@@? Gudt bibtdif) subh ureeti )haﬁ @B abfiNi® melting point
l'er, the thermal grease itself WO 2004/ 102660

thl@E'ﬁiaymOOanmbavthat of each of the constituents of the mixture.

Representative fusible metals and metal alloys for the dispersed phase component
include ASTM Alloy 117 and, particularly, lead and cadmium-free alloys of bismuth, tin,
and indium having a melting point of about 141°F (61°C). A particularly preferred alloy
having a melting point of 141°F (61°C) is a eutectic of 32.5% bismuth, 16.5% tin, and
50% indium.
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13 typically will exhibit a thermal conductivity, per
ASTM D5470, of between about 0.1-5 WmK and a
wo b@vireded npedance, , al so per ASTM D5470, of |PSFUSIa#010087

about 1 Gin2/W (6 Ccn2/W. As adm xed with the

filler, the silicon or other oil conponent generally

forms a binder into which the filler particles are

di spersed. 5 The di spersed conponent form ng the

domains 34 is phase or state changing in being

Sel €t dakible thetalsoandr sibaab Iaﬁow an@anniﬂﬂed oathii ellia) a{eamur grease or
about 25C, jn a solj assy

othg; %ylarsm Aenstifyeat 1%3@@06wn§9 Céent &Prog(édesf%sél@qma acmc@wﬁvﬂy
destr 88 ff&“cﬂ@ﬁft%d@& a?}gﬂ:aﬁln? aﬁﬂlﬁ%@nérgm:’%ﬁ@%é‘ Lo%d@d al CAREL AL 5-25%

range in a sem - iTqui or otherw se VI scous
by Baéaiomigmmefslee ﬂmerrml]syt mndﬁhtevemm:qmund,ams,l the drermal grease, including

ure [ has 0 co nent
o RS e e B 36 B R e P S A oy
As fshéx%ﬁ m'r%%es titidn the evaRliRus %ﬁ@gédofpdﬁe&ﬁemia% gpéa%é %@ame\/ﬁmble
bet ween out 40-80C, and nmy be tailored to

metgls m%nlh@alaﬂbwaﬁm"gtheeimtaﬂgm@mf34nvwslslph @ree@t-dxsmreed with the

o RARERAT 0 a) hERRE ST B BRI oG pidfercic or

othBtExtémd! red@rehddl att tae Iflﬁﬁfhg PEr dfofeiReGLationt PIAY irgigd (10079@m) and,
a fusible, 15 i.e., Iowrrelt|ng poi nt, metal or netal

depgnd gpom fhet dreresofedigparainn ivgthin feompiyix A Guels dgmla@é 3¢ may form
S%réﬁgﬂsgﬁ?ﬁvhxg% Qllf %X%B’b rg%geécef A t‘]rbg’ué)leﬁﬂ gou gﬁ)}aﬁ (7 5 um) or

mofﬁetzﬁd Ssed BRI thamera “dfscucdorfidind’ ’kﬁheulﬂ&ieaindalls’tdbjdio réfer @ either
m xture or, other conbination of one or nore fusible

suchgemasapdvidnallner tedhe agglampraonsibgieod | oys. Such
et ?él%vﬁﬁ i hé’a){ﬁ to\fl%& fa!y&y 2888 t‘l%’{gﬂ&érbtgge PAIALS abBe the phase

nmelting ranges Sue om a sol tenperature
trafisfticm tangperatos bénhn@rfmbﬂleemetat ob edlivye riha kioutaids0 2 326m€y form an

124- 500F), _and ”?é'd% %ﬁ#‘t@%@s%ﬂﬁ%ﬁ){%@l{ Vg%eoofntg? thermal

em SQMJFP’[ eég@nxtghﬁge

gre@RCmal, AR GisQsfST( aﬁ@%ﬁ%!; dr %ﬁ’cﬁﬁs@)‘soﬁfﬂevé?ﬁulsﬁi'eﬁ (bompound may be
copper, and ant | ten, a eutectic alloy

mafnteimed &t ey fof emmplx,t beteeof alsQJ,ItHOl;ﬁQDeﬂO@ OO@Lﬂ;hOéM@bP&-@ within

haV| a definite nelti whi ch be .| ower | .
the { G the et reBee (hle leopisergpgton vl S e terwise
betdeeRERNE AOBALT Wk et Mleceri®tish Ss Mci&ﬁﬂ%'v@bh@&@ rdr@din in the

t he di spersed phase conponent include ASTM Al l oy 117

borglhigie. Mﬂr@cpml ihhpgbeanechyerad thed the additioneel dum@}as befon nitride, or
Othslb%ﬁ 1— %Pgtivecglllernd%ﬁﬁegﬁ tf]t? |f§}“g?!%¢olé{] %gg 8§t necessarily
required, provides optimal thermal performance in that the filler particles 40 may
function as a thermal bridge between the domains 34 of the dispersed phase component
giving the apparent effect of domain to domain contact along a thermal path or network.
Such filler particles also can be used to modify the viscosity, and hence to control the
flow, of the compound.

Returning to Figs. 1 and 2, in the production of commercial quantities of pad 10,

the thermally-conductive compound of layer 20 may be compounded as an admixture of
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having a nelting point of 141F (61C) is a eutectic of
32.5% bi smuth, 16.5%tin, and 50% i ndium WO
wWQo@41082660 PCT/ US2004/ 010087 14 The fusi bl er@BUS1084/010087
and netal alloys are included within the thernmal
grease or other polyneric constituent in a proportion
sufficient to provide the thermal conductivity
desired for the intended application, and generally
will be | oaded at between about 5-25% by total weight
the offiertnabgitehey; amiﬂaybed’ﬂ&daﬁvﬂtlvﬂlennarmecmﬂucﬂiv@ammhete fillers, and the
thermal grease, includin a xed t her mal|

dispes s§ eormpaicat VAR copdEPna gy sar Iy feFop il aber mixer.
In @F R & th@ldtR¥rsed as%%ﬁ?)oh&lt FHethe 1ﬁcorgb1ta|%d"ast &HE or more fusible

conti nuous phase the thermal greas the fusi
mem aidé)raxmalmilogretthct mtdlsagml dlpysmdyebedingodieted io dinafomst of a bar,

arec sp h he ,fi.ll onponent
rodadnif. BrioPeslas oryiHr e vind s Geshetift Ty HTRL eipe under
con@ﬂfﬂn@@?%fe'v&te@ 'Eemp'gritﬁfe \@Pﬁfcﬁ ’ék@eeﬂ of REGNEEfhat traﬁsmbﬁ temperature
of between about 0.4-3 mls (10-75 jn

of o Taelplsrradiadons 1 e tgres ot pa el bl whish it Rdatever form
prof B LR RE T BPioftisg Sploh SRS PhisB o povaer

havﬁlﬂdg $désted phrtiele siFEérelistAButitis Shhivdr giwitler tHe@ rh8Y B8 incorporated into
"di screte domai ns" shoul d be understood to refer to

the dharpa} greasgormperentss cithriclavaiga or gmbient tempgeatures.
agg ' -t her .
ORS00 L0050, D8P4 0 Ly i
Thére#(tes, 4 layar 2@ Uﬁﬂreaiommuﬁﬁ nidyebef comiddl en aredledse dineabt other carrier
t he donmains 34 nay m an %enulslon with the matr.ix

strip wsglaeeézucmmmlaafer@f@mﬁed RbtretRdiias- dyAndiZ 1,8 cofvepHgnal manner
suclhﬁgl ﬁS| C%fa?xﬁﬁ hsg?z{esﬁ nlﬁ( kn? 8\52 o%_pqgll}%rycc(aﬁﬂgoéééhﬁg,oﬁmm coating,

dippimigndispensnhgf exthejonf screaxpiing, obethwedirecapmetss, or by a transfer or
10, 000-.300, 000 cp (10-.300_ Pa-s hin__the ratin
O HaPal B SR ofORRE WP AEaR AR SRGrbe dried 10 Tash the

sol‘lfefh‘f % \6%%10 FanO dHereMk Sxﬁmz Qog’cﬁ{g"\’%@ bR EdA9 o3 Qfe 180620 on the

that the emulsion is sufficientl y Viscous to rendin in
reldabelindydlidd | Asveresib pEthednherert tirkofieethennhalagreasd ot et flown ghereof,

an ?ﬂ@:s%ggy&g@%g@@ﬁa@goq ; (F%QPG B%\?ellﬁgp(e’efi é)g{v‘re&nttﬂ%{ayer 20 and the liner
42 formul ation, although not necessarily required,

provi des optinal thermal performance in that t he
fil A&howrrtqt a:mlsredm epaier qrupinfiresmens menghessiefdrensefl @3 in Fig.

2, oggltr%v‘%lﬁrg 1nc or}gteg 81fm ﬁa@%r 9@) P& %n‘%&la%@?ﬁq%rewmnn, as shown,
or alternatively on one or both of the surfaces 12 and 14 to provide increased tear
resistance. In either arrangement, the member 43 may be formed as having interstices or
holes within which the thermally-conductive compound may be impregnated otherwise
carried.  Particularly, such member 43 may be provided as a film formed of a
thermoplastic material such as a polyimide or polyetheretherketone (PEEK), a layer of a
woven or non-woven, e.g., needled, fiberglass fabric, cloth, web, or mat, or an aluminum

or other metal foil, screen, or expanded mesh. In addition to functioning as a carrier for
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25 giving the apparent effect of domain to domain
contact along a thermal path or network. Such filler
w@aorotilelee®s al so can be used to nodify the vi scBGT/UF2004/010087
and hence to control the flow, of the conpound.
Returning to Figs. 1 and 2, in the production of
comercial quantities of padglO, the
thermal | y- conducti ve conmpound of |ayer 20 may be
conmpounded as an adm xture of WO 2004/ 102660
the I%Giﬂpb'ﬁi?&&ﬂé SdifdBcEmehb alshendshbe medd Qriegseve s piagichbstrength of

led with thermally-condu particulate fillers
theal?ca@rtZHeandcnaépl& 9ef hé@éht?:fsﬁ%ﬁ\{ﬂé“r& af Ji 8RS pet tegngtabyres and

die Q#,l&ﬂﬁsiﬂtgaarvdﬁ% S)a df %o!me%ésl e r@ﬁm@@rﬁerﬁ&ﬁ%%embérr{%éﬁﬁlf@'ﬁﬁhave a

i sper hase conponent being i ncor ated as
thickmessarf tebweenf abeub0.8-5 met @Rs5-Hifdjay), with al thJa;lChWS)f abpet 1-2 mils

ta and allo ma ntroduced in the formof a

(ngg)r”m b?18%lprqf’?‘ré%jtsforﬂéﬁqg? S-powder, or the |ike, and
admps@deoptihiling ReretdnBs ki g8lNeARIE, UR dRtiohd) thylel 20 $na9Tbe formed

el evated tenpéerature which exceed at | east the phase

on arrglesset hmm 42ewb@hath@ne@pomcowerﬁeth¢eetuafage éﬁdafathb dgnser |For ease of
e ca

harg 5 B ACRO TSRy bR B e MR LBYE 44, may be

lan3h AN &r PfovadiaNd ek tesl ofer eliffest 1220 PBIEE RO. @M};ﬂa@ materials for
desired particle size or distribution, which powder

cither on batyobibeilmest pbrad &d ingluds fage stasks ohefhe files ©4 gwlyolefins,
pla%?c%?%%(ﬁ};vng& C otriag rqqﬁ%@% %m%g]thﬁgmél!%e%gtfo{ .ﬁ ck ni)ggftgse d waxed,

ure rmay
silis@lixenbr Otheﬂbdswdsd plaﬁeu enplastid havirg b trelatively llovy enrfa€e elfergy to be
the co ound may be coated on a rel eas&ﬁl i ner

h
remoyiable aithogy amse%?-blg Hés ofthe #ﬁygg 29 fom s ther dingr 8%1&8?{1138“&%
to \anc% fne I?%@ngér rilpgynlgdziD k/)l ng E'uﬁ@l?ded%ﬁﬁ@z{honsdﬁﬁl?nethod

spra e coat I ng,
of dxsp&nsmg such st |b|ymlcld-anmﬁptaoator ther ]aﬁtom;mﬂ dxgpensmg means kiss-cut

i spensin, tru iopn, screen |nt1 r ot.her L
pacli Dt oprapeiaengs eI Ry B Biriell piror bt gqvering iner
44, pBﬁ’Cae%ﬁeet Acfrt ?a C@Ia'hh&g 4p1 'ﬂﬁd r@pplidP théYVerm 28f MByhdee or roll.

‘dried to the 'solvent to devel op an adherent

Altﬁmatrvely,omﬂlvrr@al prdot herayrsdidieat fiom sheetsagfeline? 2o againevith or
't@el ase J}mner 42. As a result of the inherent tack of
wi Bf grease or the flow thereof, an adhesive

andAﬁéﬂﬂﬁG&]?"‘t&ai sond ﬁ’iﬁy Uéeﬂﬂﬁx\é@'lﬁpﬁgatﬁ@ ¥ fhdr hdspensing a
| ayer 20 and the |yl ner 0 42. Although not require

substreta rothesthasy a Hagm sm%n@n@mctlmnﬁme ofthe beas freasfen sudapes.n In this

regardg the viscosity of compound may be controlled or adjusted, such as by means of the
filler loading level, the selection of the thermal grease, and/or the addition of solvents or
other diluents, to accommodate the equipment or process to be employed for the
application involved. For dispensing applications, the compound may charged into
individual tubes, cartridges, or containers and stored for later application using, for
example, a hand-held applicator gun or syringe, or, alternatively, automated metering and

dispensing equipment such as a robotic applicator.
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2, optionally may be incorporated within |ayer 20 as

an interlayer therewithin, as shown, or alternatively
worooenaeer both of the surfaces 12 and 14 to pPOWUS®04/010087

increased tear resistance. In either arrangenent, the

menber 43 may be forned as having interstices or 25

hol es within which the thernal|y-conductive conpound

may be inpregnated otherwise carried. Particularly,

such menber 43 may be provided as a filmfornmed of a

t heLoslgh@abwao g, el iaahass we Fiblab,”ad 5p of Hienotigponnd is shown as being

. pol yet her et her ket one (PEEK), a er of a woven or_
disgtdvar anp agplicdn BREET &Y, 159?%%?{; Pl iy é,eﬂ&_l%?fﬂ /P, onto a
pril‘ﬂ@@ or BfipriBld stfac@Ue lv&H'ﬁ@}ﬂHQﬂ/ b&h gﬂfsﬁ@,rm&ﬂ ak cdQinkio surface of, for

screen, or expanded nesh. In addition to functioning
exaqgple, aclmmat siek, dobd plA@, 200t bORECOUBTE/ 1982 00408 Zompenent. In

.the conpound, .the reinforcenent, al so. be ysed to
thi 1RGO B SO S comPoSR P arGranoet & £ Tyt tods Sptebpas o one-
parl Osyls@nbefhtera f@ﬁﬁhgé,él&@é;%ﬂ'duﬁ@ Abnthingheugardinfddted in fluid

tenperatures and die cutting into a variety of
corgmgnisetione svhidthmay dertfixscde ae showreateir hoge pr athiey conduit connected
to havz%ea4 t hi ckness of between about 0.5-5 m| (12.5-125

Y7250 h a thi ckness of about 1-2 mils 5 (25-50 n)

bei Tader @beppaed hedssiretRl which Insay W¥¢ htantely iapplidibusing a gun or

reference to Figs. 1 and 2, as nmentioned, |ayer 20 may. K .
syrhiges OF wetclopad R rat engerless apterps \saIPManh spelygsrp proportioning

syr I
o RUEFE g 5554 8yl LB M PSR o e
and eatornte s@ifeass. | Anapplicd thamysdeS nlagrbicrsabetenidally self-adherent to

provi ded over the other surface 12 of |ayer 20.
thepsugfac 40 pupkkeepy srdagegension, enpnasren tagky O ofer gfacsive force. As

witl.(k)lif ﬁﬁggl? 42 RNfle Aftadsnes léﬂ@arft%@uﬁ 945 ble rfgﬂfn&%béée i,ak MBrmal room

olefins, plasticiz pol yvi'ny or |
tempelatestsarls that ¢hd pho i csmpmednalio fwdiidlsit is applosi ey bedraddled for

ssSRESHY NRI: | LTy G- SUF Faees LHeV Gl onpat ofhefVise fon-form
stavfn% Ry %‘i’iﬁé"é&n‘ﬂﬁﬂéd P BIE&iABE Giald fdnh B8 oftfer bRGiet ﬁﬂcﬁ{%@@n}. The

romtheée other liner or the substrate to whic

cothpyuaxd foeyingghapks 43 alsDepasniat mgectadodirecty intotaegape@uch as gap 72
appl i.cat ion .and t hod of .di spensi ng _such as_.b

sh DR i TSR SR B fet 20 A0 S ERIIGE RGN (surfaces 80

anK8B AT Yt 6) R Es HA, anWUpehPBl(tdmiened ae BGEﬂﬂFigIO_%) pRyaled2rough one
may be carried, with or without covering liner 44, on

of heswdedesor tape of liner 42, and supplied in the form

o BuaGFLoRly b b nf ORISR o B> e s o
Fig. 4) is illustrated in connection with the thermal management assembly referenced
generally at 51 in Fig. 5 which includes a thermal dissipation member, 52, having a heat
transfer surface, 54, which is disposed in conductive heat transfer adjacency with an
opposing heat transfer surface, 56, of a heat-generating analog, digital, or other electronic
component, 58, supported on an associated printed circuit board (PCB) or other substrate,

59. For illustrative purposes, thermal dissipation member 52 is shown to be a heat sink

which may be of a plate-fin variety having a generally planar base portion, 60, from
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wi thout liner 44. 20 Alternatively, the layer 20 may
be fornmed by coating or other dispensing a substrate
w@bdvenoish@an a |iner, such as directly on one o0PCT/Li82004/010087
heat transfer surfaces. In this regard, the viscosity
of conpound may be controlled or adjusted, such as by
means of the filler |oadingglevel, the selection of
the thermal grease, and/or the addition of solvents or
ot her diluents, to acconmodate the equi pnrent or
whigheg®8a8s 4 plubslite nfﬁ b@(ylﬁ'@ fig[ ofichef Which pdefaraddednt 62. Altematively,

i nvol ved. For dj nsi ng applications, the conp
thegag) Esapein ARBST Thalay RIIOVIdsaes, ° Bl £ Qigeder Chfat sink, heat

i I r i
xS A0 B, L8 ok oR B L A ek v,
or Glassey. nlaismpemgn meuben®? tygically sl bg famubd afiasypeasicgaterial such as

equi pnent suc a pllcator \ 004/ 10266 .
sty B Gesin e Shoh 3 QLRIAGR RGP DL ERges TGt ety pelative
to th*a{ %?,congja'éneﬁf 5§ he Héoem;me ik iR ABeRdl Nhergy conducted or

di spensed under an app |ed pressure, illustrated by

Othﬁmsealrmfvmbésth@;nﬁm@d ‘P, onto a primed or unprl rred
et al

Sur &g c8rflt11’n}na$ rege){q}%l g)ngg h& aFfegé%cr)ﬁ(lc 00611 nept %% ay be an

inteprAt6d inticAdeRipd miGleyficBGon afdnsisRE, & SkF power mm&litﬁj@tor device,
In 5 this regard a supply. of the conpound, referenced

an ghngg oy @t}gaﬁomt-(g@n@@u% atibasgerablya see as parﬁlog?sf@@ﬁ, resistor,
‘uraﬂsrchgr%efl p 1ﬁerd g(%act gpe é)cnop t Flﬁozﬁl?e%@TWeﬁ? ano er heat-generating

NNECt e

souﬂictd e%hc)allgﬁccﬁﬂpmorenoﬁ wulahzhmm aperadifib eémp@mdm tange of from about
connected to a, nozzle, 49. Under the appllgd pressure
60-H00h EoF thﬁyleﬁaiq@bﬁmemgfonamqr@wnﬁgﬁ 10204t 0gy onej g more pair

of s%“ﬁér Iﬂlﬁs 19£d Ifgpgﬁje gé{r af nith 1§'r5feﬁ?p§e@§f - BYare &)rowded as

suéh S a proportioning I nder or a punp,
extandmg ﬁbﬁﬁccﬂmnmnnt 88 inthe soldnmdmnabthmy:ohmcltlsa wath boapdnS9. Leads

nozzle 49 and onto the 46. d, th
70 i Eonss ay Beo S sSaiterd b gOS sk HEirieg: dappFprosented at
72, Sd{f sz%ﬁfs 341‘911?1 s li‘nl@l%ng’)y thet¥hERRRn ! eﬁﬁérﬁ&we%ﬂ doﬁﬁifdh@ﬂtt 58 may be

k, or other adhesi've force. | ayer 20,
-mcmhsimwxﬂy4mlamnhﬁ@ageously may be formstable at

n o r f {?f(%) %}195% %ﬂ? %? oal galmllj eg’ltﬂﬁ{?db@equlﬁé} %genﬂ%ved from the

hn@sma‘ekyose &h@gﬁﬁewm @fla/;&élt EJ, pad 1V elay: bel B¥RdBRES o thSvwIEY attached
be runny or otherw se non- f or m
to the heat transfer surface 54 of the dissipation member 52. In this regard, and as

aforementioned, pad 10 may be die or kiss-cut or otherwise sized from a larger sheet or
from a roll or other length of tape stock. Typically, the margins of the applied pad 10
will be sized smaller than the area of the surface 54 or other surface to which the pad is
applied to accommodate for an increase in the surface area coverage of the pad as the
thickness thereof decreases under an applied pressure in the conformable phase of the
layer 20. Alternatively, the compound may be dispensed onto the surface as the mass 45

as was described in connection with Fig. 4.
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stabl e and may be contained on the surface via a dam
or other barrier (not shown). The conpound form ng
WO b@4ress0 45 al so may be injected directly i nt BCHUSEP4/010087
(such as gap 72 shown in Fig. 6) maintained between
the surface 46 and an opposi ng surface (surfaces 80 20
and 82 in Fig. 6) such as via an opening (referenced
at 50 in Fig. 6) provided through one of the
surfaces. Turning next to Figs. 5 and 6, the use of
padWith e abplisl pdd aOdiRifativon wiemimsye wHoy b pabkaped Andisbipped,

dllustrated in connection W e thermal managenent .
witly heelist ;714@%?%&@00%@%@%3 HQO@& ceppdi ) By go @?gﬁnegﬁlmt to an
S, ATER
eledﬁlg)%cg £ ?agns%??éggﬁe}cdersﬁ%%%@%i cheuirsgr %%Isl S%@%lg 'i‘;?af} emove the
linec dddaiexpose thesatrface 48 f éryend).gosition the trpaad sayiesliZnap the heat

heat tra er surface, 56, a at - gener at i.ng )
g PGSR AP SRR e AP SO drfd, cla, serew, or
oth§URBHe} GbaRY o PBxBSBPEleA e (1ot kRS 6l dispbist tROGEHpAtRaFhember
or other substrate, "~ 59. For illustrative purposes,

52 inKbermal adjrswicpatiindhe pempeent® isisshown in Bighe. a heat

[ .. Whi ch f | - f i [ ' .
gentit Ry lRteREads ik B FitbbessBhbRt Yo ol ubsives  1ov
impREdc'23RAM NS PRthtvay k8r iMbiteRsfexs LRl fanPédifigdrdehy 5®fo dissipation

cooling fins, one of which is referenced at 62. .
membere2n abichapaiivay may valcnepl st pathash ofEh el uBgioggyitiheonvective

. proyi.ded ' [ tzS] .
i BN PS Rl oD er IR e e pocain
temPERura tyrédttie dnaihtaiied tbeloagsheiflvdusmnng, Althoughdssingl dissipation

Di ssi pati on nmenber 52 typically will be forned._.o

i . f
megheia § SHAVErD RE asypaiicst apkieRberdroa R et may be used for
2 A
suclIGE o M) LN bo IDNGHNIANL 2o 72" i veen an upper
surfaté, e®a,i ofethesbatird sidéterevd andeamabpesiey gyrfewn B2 toddtherelectronic
ot herw se transferred therefrom Wth conti nuing
COmRElelfce to Fig. 5, electronic conponent 58 may be an

| nt 8T Al8HHAC T B8 NiRrm BT FEGRILEES SQmpdul@NSF STa98r 2 may be
ot her power sem conductor device, 10 an ohm c”or

formtlated toelxt forensiablei signesubh swantéypeaivhe, ds.aatpinib@87C, in a first

relay, resistor,.t f lifier, di . .
phep sh b Grbig mets) pRPRSERRLAY SBtes el dh Bl sept-solic
glagQUEL ErystheC 8Ll ¥ bE ARGAEALY o6 fBirhiblORY Seditelipes 8édofi phase

tenperature range of from about 60-100C. For the

thexsbB sthi¢tcsdcond nhasemayrbeot liguaprsneniquih of othsoaise vE9ousomeulsion,
bet\%ennﬁ{eehéﬁ?it{ansfer surfaces 54 and 56. More specifically, the phase transition
temperature of the fusible metals and/or alloys is preferably between about 40-80°C, and
generally is tailored to fall within the operating temperature of electronic component 58.
Turing now to Fig. 7A, an enlarged view of the region referenced at 90 in Fig. 5 is
shown to detail the morphology thereof prior to heating by the energization of electronic
component 58. As may be seen, prior to heating, the bondline between the heat transfer
surfaces 54 and 56 defines a first MBLT, referenced at t;, which may be substantially
filled by the layer 20 of the thermal compound of pad 10 of the present invention.
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of solder balls, leads, or pins, one pair of which is

referenced at 70a-b, are provided as 15 extendi ng from
wae@oeowpamsnt 58 into a sol dered or other connectPONUSZIDHN010087

board 59. Leads 70 additionally may support conponent

58 above board 59 to define a gap, represented at 72,

of about 3 mls (75 m cronsyot her ebet ween.

Al ternatively, conponent 58 nay be received directly

on board 59. Returning nonentarily to Figs. 2 and 4,
Adwiritdpepasly, 1By ofrtuki . the useeobthe dhdrnmingtdase c&ﬁpéﬂanera rehatively thin

.expose the surface 14 of |ayer 20, pad 10 e bon
thicknesy fe P a@eufatlt &h 2%6 1) Ohclotie ind} f asrrespor slacl@Wesghemal
iR ahdae nd i:éafh %ﬂ? %atu}é"aﬁ(f' ek 898Lflyve 8 g% applied
af or efren |on di e o I Ss-cut or

presﬂutmrfw @cenmlzaq;réssmmodabtartgqm ghlekst) ooltessfrom a rol | or

© he S Fedmesatet G5 T pielion at B0k Shonk i 517 R Hebting and

the%ﬁﬁtaﬁf EM&% &%é@@ﬁﬂ%dl%er%r@maﬁﬂé' BaGstot GetoaborifiBle second
5 applied to accormpdate for an increase in

phashse wluq:h pbaseanwy foovenaayeulsipn it ﬁp@dﬁh@mﬂ tegease npmm@@é of the

w81 SRR BT, RSB o 6 w5

andCS3TRAY aﬁﬁbév&ﬁ TheDedkaes Rlag Hehedisdeaf ach a@%nﬂél&h%@ﬁtmumg
45 as was described in connection with Fi

appligatiym otbe (glmngngMMersswq@hthﬁyt lvﬁeg%kﬂpﬁé drophg spring
. I p b

i B 4 TP B Ry TB001, B8 K R RaGhansy B0 yRhgesg v o

corpporiding aﬁcramsel rﬁ: elgy atudgteusrich difOpﬁm 10ehéddhr dierelsy may flow to

manuf acturer, assenbler, or other user. The _ user tg£é6 and a

subgiappilly FHlyihe sies Pf]t%w Yondlne gap bewesp desuriecs it
cexposed surface 12 on the
Corﬁ%g&{%ﬁéyg%%%%redg%? ce gggcf el ectroni ¢ conponent 58,
and, lastly, apply a clip, clanp, screw, or other

anorhe Examphs toffokosh e\Rfl‘ﬂﬁhmmlEﬁé:rUér&agdﬁ desdwpwﬁlom@are by weight
di spose .t he dissipation nmenh

unlgs HEEHETe GRRIASSLH G ﬁéﬁ‘ntlhﬁg%‘é@ P%ﬂ@hlé}‘\?ﬁlquhg pf ghe gvention
her tlHV(ﬁQéH BriHg dx%t%%% ﬁ‘s@ru"elg ik b 1ifitin) s'égéen assembl y

prOV| ance uctive
pathmay for the transfer of heat from conponent 58 to

di ssipation 10 nenber-s2—Such—pathway nay be

enpl oyed wi t hout or th convective air
circulation for effecﬂ¥§8&ﬂﬁgﬁé%§?fﬁg of conponent 58
and ensuring that theoperattng

EXAMPLE 1

In representatives formulations of the thermally-conductive compound of the
present invention were prepared by admixing a fusible metal ASTM Alloy 117 in a boron
nitride (BN) and zinc oxide-filled, silicone-oil based thermal grease (DC 340™, Dow
Corning Corp., Midland, MI) having a reported thermal conductivity of 2.0 x 107 cal/s-
cm-°C. Such 117 alloys are specified per ASTM B774 as eutectics having a melting
point of 117°F (47°C) and comprising between 44.2-45.2% bismuth, 22.1-23.2% lead,
7.8-8.8% tin, 18.6-19.6% indium, and 4.8-5.8% cadmium. The specific low metal alloy
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25

tenperature thereof is maintai ned bel ow specified
l[imts. Although thermal dissipation nenber 52 is
W@ b@mnoleeo be a separate heat sink menber, boarBCBE8S2004/010087
itself may be used for such purpose by alternatively
i nterposing pad 10 wthin the gap 72 between an upper
15 surface, 80, of the boardi59 thereof and an
opposi ng surface, 82, of the electronic conponent 58.
As mentioned, the thermally-conductive conpound of
(“LivéAcer u2@ imeishBxanfpde riuwad e dht 1% hésriwhn22.6%blead a8.3% tin, 19.1%

nor mal nperat t 25C, in.a first .
indh e 53 e ressah B gt SR e dredl QigRe, Carita) having
a abQRSd birﬂ@fét stze YOk 0904546 idls (59000 %L%)' dThr%Qall%ra‘ﬁa?syreported as

or crystalline, but to be substantiall'y conforimable 1n
havm ¥ RIT gppiancTd tlmm@h@nﬁh@tmty aflabew @0, Whhilch second phase

be a li herwi se visco .
oo s afnfRs orrHb CaRll e eiOy fwRbie Wit Lol bEieg, 4t loading
1ev§1§ of D5 e106 N8 Ginfi 12084 bthe bhey BNBS it AB DR 16981 being neat DC 340™
terrperature of the fusible netals and/or all oys is

thelpnaalf gieats! forbeumeses efbenrpatigos0d! wrfd obsgsyRsy BPoTy miging that the

vislse s E%onRmntin Va8 SAEHRL T RTRE Bhaadtiop s0o00

cp @:m 30 gedk)V inew sffidike tb ageah eistlyewahaRel patvdeP of nhé-iafoy,5and to
. 1s. shown to detail  the norphol ogy thereof prior to

Hmﬁ%%ﬁﬂ?&?%ﬁ**HEN@H@F§mi§FFBWm6WgeIectronlc conponent
betmeen epﬁgg ??gé &{ &Bﬁﬂ%ﬂ%@%ﬂ%ﬁ&anggggggggﬁﬁég ASTM

D5407G undér MBlaﬁpthcbfpm’seme&L‘f 20 psil (3MhkEh) amxj/ aba minimum bondline

substantl | I filled b th 0 of
iR UaNAL B oblses thep Show Hanii e R 1156 et RBrasd & teported in
Tmﬁg@%@ﬁg@GGO PCT/ US2004/ 010087 20 Advantageously by
virtue of the use of the thermal grease conponent, a
relatively thin thicknesEABLEdf about 1 mil (25 gm
or less, and a correspondlngly | o LRS! iRheddndgedance,
may be ef ecte% oon1tenperatu A
rel ati ve lﬁ 6’ nI ied pressi An QL& e, a
pressure of anut 1 pS| (6 kPa) or bggs 5 ¥t h
reference next to the depiction at 90° shown in Fig.
7B, upon heatigng and the resul tantgphase chagge of
t he di spersed domains 34 into their conformbl e second
phases, whichgphases may form an engp$pon wptols t he
thermal grease conponent of the matrix phase 32, an
even thinner {BLT, now referenced ap.ot@, bepwsen the
surfaces 54

20 0.008 0.20

The data of Table 1 show that that a thermal grease-LMA compound formulated
according to the present invention exhibits improved thermal performance over the

unfilled grease.
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15

and 56 may be achi eved. The thickness t2 may be

reduced, such as under the continuing 10 application
w@bootha2ee0 ven applied external pressure whi ch PEmD82004/010087

devel oped froma spring clip or the Iike, by about

20-50% or nore as conpared to the thickness t1, with a

correspondi ng increase in thge surface area of pad 10

whi ch thereby may flow to substantially fill the

mar gi ns of the bondline gap between the surfaces 54

and 56, and a correspoﬁ@@ﬁﬂ@ig_gcreased t her mal

danc 15 The Exa e wherei n al
per Einihagia BEHAMBRBH OF b1 st s TisrPaibarifie copfppgd formulated as
desSitMRAr Y Sc%nﬁéd%fo%s St BRELERE @dwadl Birthkd %ﬁﬁfa@tteh%@d oy Wi¥@suring
practicing of the invention herein involved, but

impsHandechsno furetion efgressed 4t r08Qy 50T, randi zrthQ@@nﬁaélp\xfmg a burn-in at
OEXA LES EXAMPLE I@Ln representatlves formul ation % of

65"th el RerRPATHIRAREOHERE OP TR ddB APUSIARICE i@ S ThE S ple gBh fre plotted

in FA%#N%AT% IVE;@ Qé]sﬁggg?Qh@Mea%% éh(ﬁgl %Réslézdlrt] zbi(lj %t a%o plotted in

oron

Flgomade “Ifsi50.) I”e dChe Sedulicehod- ai bp}ﬁl@él@'ﬁﬂetdi@pj R imgedase a§ BGunction of
340TM Dow Coming Corp., Mdland, M) having a
temPé'fﬁBF? dgr theelrMcérﬁlg%insa{s’@iq arsup the neat §162se.0- 3 cal / s-
cm C. Such 117 alloys are specified per ASTM B774 as
eutectics having a nelting point of 117F (47C) and
conQs iitsisngntiedfavedlethatt der2irt Shafgeb insayubd made . it -tRS p2&ent invention
|l ead, 30,7.8-8.8%tin, 18.6-19, 6% i ndi um ,and -5. 8%
withomi laparting &rogh ks Preceptd hisiein amvafV%y WS Eﬁ@m@g ogie% @ﬁ matter
4
con\g';a (ﬁge(dﬁ%g#% %ﬂ%dﬁ%ﬂ t%orlé & ll)eggﬁﬂgrﬂé%% Pﬁ%ll%‘ﬁ@!‘: @nd not in a
limitimgisemge. atirefer8hoes anbinding povpleority AbbAdiNG cilddherein are expressly
. Montreal , g%ebec Canada) having a average particle
]nc@PQQﬁ?#%Xﬂﬁ "G 04-40 mils (1-1000 j,m This alloy was
reported as having a an apparent thermal conductivity
of about 20 WmK 5 Sanples of the thernal
grease-all oy adm xture were conpounded at | oadi ng
| evel s of 0, 5, 10, 15 and 20% of the alloy filler,
with the 0% I evel being neat DC 340TM
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thermal grease for purposes of conparison. It was
observed upon m xing that the viscosity of the
wo b@enredes@r ease, whi ch was believed to be bet weenusimouo10087

20, 000- 30,000 cp (20-30 Pa-s), was sufficient to

blend easily with the powder of the alloy, and to 10

mai ntai n the powder in suspgmsion after blending. The

t hermal i npedances of the sanples were determ ned
according to ASTM D5470 under an applied pressure of

50 psi (300 kPa) and at LIAEMIBUmM bondline thickness

Whg{ﬁt% I%@a(fl | ess than about 1 ml (25 m. The results
& ésre reported in Table 1 below. 15 TABLE |
The{ nal gcomlvg C3n Got NEAMARC £y W \thch is

03690 5001 0.48 20 10 0.010 0. 25 1 001
conf@nGbBOBety e a Thet htat trandferTabfage 2nd howpphsing tshraqnddneat transfer

ase; LNVA co oun ccordin

surb€ e P BaR e AL OB thre B ot SR fpising an
adnietdfr®bfance over the wunfilled grease. W 2004/ 102660

PCT/ US2004/ 010087 22 EXAMPLE 2 The t her mal

perfapr mantherodl geapsopmNPRabaAndnl gr ease conpound

for | at % ddl?ps sege eﬁcgl%gt lfgrrr?lﬁg ncﬁ%r'et%”d%ﬁiﬂs %ﬁ%l ﬁlel thermal

urt Sracterized y asurrng 1 npedance as a

greésamb&npmemt ther ®msdifiebeihg T61-stable a8 mdrail 1006 teaipbrivradn a first

a burn-in at. 5 65C. The neasurenents were gbtained.in

phage e8¢ danwEmaple homesrm e st didscapBd pre e ieri syrippg n 3 second
pha%% ngﬁﬁé' d myﬂg htaffﬁg ttf‘aﬂ‘sﬁ] g Eﬁg&%@fr@ %%%419%8 fér%glzg r{i‘lserature

are al
ﬁomhMﬂanBn@ﬂieabémddﬂla@.l n i npedance as a function of

2. The compound of claim 1 wherein the dispersed component comprises one

or more fusible metals, one or more fusible metal alloys, or a combination thereof.

3. The compound of claim 2 wherein the one or more fusible metals or alloys

comprises one or more of bismuth, tin, lead, cadmium, and indium.

4. The compound of claim 2 wherein the dispersed constituent comprises a

eutectic alloy, by weight thereof, of about 32.5% bismuth, 16.5% tin, and 50% indium.

5. The compound of claim 2 wherein the compound comprises, by total
weight thereof, between about 5-25% of the one or more fusible metals or metal alloys or

combination thereof.

6. The compound of claim 2 wherein the domain transition temperature is

between about 40-80°C.



tenperature. for the LMA-filled sanple versus the neat
grease. 10 As it is anticipated that certain changes
woray4shaesmde i n the present invention w thoutPCT/US2004/010087
departing fromthe precepts herein involved, it is
intended that all matter contained in the foregoing
description shall be interpp#ted as illustrative and
not ina limting sense. Al references including any
priority docunents cited herein are expressly
i Ncbr porHicegbnipouneé bécleine 6. whkbeih2diOph @266 ituent comprises one
PCT/ US2004/ Q10087 23 CLAIL NS t is clained.is; 1. A
or TROTE YRV P RIE O V7% SROUE S 810X o FgHEgbfhereor.
which is conformable between a first heat transfer

surface and an opposi.n econd heat transfer surface
to ProviHE Cé’niﬂ‘i’é‘gﬁgrﬁ?dﬁg‘?ﬁ\/\?é}}ﬁr?ﬁer ebet ween, the

CONROUNE GO RfahskNOudRe 8ABLALLDR Oheat-gbdradnd B8R having an
grease conponent; and (b) a di spersed conponent

opefapingitergpathtsior @hge gdwvanosnalirbbmiempeatibgrendl  grease

conponent, the.donpnins being f.grm.stabl e.at nornal

¢ QoM M BRI Fiperitpiscis A dhe APt PRt e range the
heaRBRRMhtBEcEI rst and second heat transfer surface in

a secong phase, and the domains having a transition

t enper ature above normal roomtenperature 10 fromthe

firgt phage dfhdud oTeEaR0 RABRE the- dohl8nCRMROYBS A phase form
claim1 erel'n the di spersed conponent conprises one

an @nulsion avifhube Heemaledradss compengrt. nore f usi bl e net al
al l oys, or a conbination thereof. 3. The conpound of
claim2 wherein the one or nore fusible netals or
al ldys Tlonpmisaesd ofielaon Srineeeiofthdérmulsion hat brvischsigdof between

abogh i BB b Do enat s Luent compri See &

eutectic all oy, by weight thereof, of about 32.5%
bi smuth, 16.5%tin, and 50%indium 5. The conpound of
cl atlm 2 Tresasmneupd of s UM €Bnpr i ses, by tot al

the first heat transfer surface is located on a heat-generating source having an
operating temperature range above normal room temperature; and
the transition temperature of the domains is within the operating temperature

range the heat-generating source.

12.  The compound of claim 11 wherein:
the heat-generating source is an electronic component; and

the second heat transfer surface is located on a thermal dissipation member.

13.  The compound of claim 12 wherein the thermal dissipation member is a

heat sink or a circuit board.

14.  The compound of claim 12 wherein the operating temperature of the heat-

generating source is between about 40-80°C.



wei ght thereof, between about 5-25% of the one or nore
fusible netals or netal alloys or conbination

wo b@naoefeso 6. The conpound of claim2 wherein tpPerT/dsras/moos?
transition tenperature is between about 40-80C. WO
2004/ 102660 PCT/ US2004/ 010087 24 7. The conpound of
claim6 wherein the dispersggl constituent conprises
one or nore fusible nmetals, one or nore fusible netal
all oys, or a conbination thereof. 8. The conpound of
cl aifn 2 Whecanpountbd cldimst wheain thealosfains Isavefaamearn sverage size
| ocated on_ a _heat:-generating source having an

of ?%%%ﬁljt V&g %f@F@QH@;ge above normal room
tenperature; and the domain transition tenperature is

within the operating tenperature range the 5
heat®-genEhratGoRposndr e clagm Fnavhetsip ol athsrmel greasy component

conﬁfﬁ-&%@ | et G?tlﬂgﬂg&io{ié defbcldae s9aeand %’E‘g%eccﬁq?fsﬂh%a&_rﬁneineral oils,

sion w the thermal grease c nent. 1
hydeasmptomnad]spf ynthedic wil8, andesiléione blig aadubmbomnatibasthareof.
vi scosity of between about 10, 000-300, 000 cp (10-300
Pa-s). It. The conpound of claiml wherein: the first
heat7.t r alisd edonsisthidcel ickilnodatddraam thehdetmale pecaat i cgnponent
source having an operating tenperature range above
COTRSISSR PG FIRPIESHIFOREPUFe: and the transition
tenperature of the domains is within the operating
tenperature 5 range the heat-generating source. 12.
Thel®onpbig Fosmrosndi o4 Flaindr afhsreip pilen fle#EFa8E | FRyIPONSNL
[ S. ' onent; and the second heat
€0 @%%gg%é&gﬁgfg%gﬁﬁéﬁﬁgég?ggpon a thermal dissipation
menber. 13. The conpound of claim 12 wherein the

b | 4 ssi . . _ .
LPELE She SRR EBRCIe kein EBhrShP kil Gumpopont v
corbpitsed P Bicainhllg cheiRay@pattieulate fillke. heat -

20.  The compound of claim 19 wherein the dispersed constituent comprises

one or more fusible metals, one or more fusible metal alloys, or a combination thereof.

21.  The compound of claim 19 wherein the filler is selected from the group
consisting of metal or non-metal oxides, nitrides, carbides, or diboride particles, graphite

particles, metal particles, and combinations thereof.

22.  The compound of claim 19 wherein the thermal grease component

comprises between about 20-80% by weight of the filler.

23.  The compound of claim 19 wherein the particulate filler has a particle size
of between about 0.01-10 mil (0.25-250 pm).

24.  The compound of claim 19 wherein the filler has a thermal conductivity of

at least about 20 W/m-K.
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generating source is between about 40-80C. WO

2004/ 102660 PCT/ US2004/ 010087 25 15. The conpound of
wa@eb@umbemher ei n t he domai ns have a mean aver aP€T/B5204/010087

of between about 0.4-3 mls (10-75 m. 16. The

conmpound of claim1l wherein the thermal grease

conponent conprises one or26ore oils selected from

the group consisting of mneral oils, hydrocarbon

oils, synthetic oils, and silicone oils, and

con®’.nat Thnsommpemdodt. claim 1T wherimpeuhdmod] gréase mad a viscosity of

vertigrusey 183G B0 o LESRPETTR Bh o Thapiae ™

wherei n the thermnal grease component  conprises one or
nor e _or ganosi | oxane 19. The c nd of claim16
e 261 n TR SomBp i ofghas 4 s dan EP0Aha fhertnal impedance of
168@@@9515&&3 @-inPEy @btynfogslucti ve particulate filler.
20. The compound of claim 19 wherein the dispersed
constituent conprises one or nore fusible netals, one
or re |§bjn% a : c [
the?ZOf tHg e ?:o!r)r{)g%é}lgyzlf ‘Qllﬁegia% %g)v\clg g?ﬁdt%aes @ thermal
corfduttiwty ofsit babtebbed).f Mom-Ihe group consisting of netal
or non-netal oxides, nitrides, carbides, or diboride
particles, graphite particles, netal particles, and
conbi.nat Thmmmp@rmloéf claizn 1Thvehecanplodbyephasch ahivkdeds of about 5

.wWh in the ther grease conponent —conpri se
mﬂse@i&m}aﬁoﬁﬁs a‘or@w FBYMEMERRIGE UPAE # Yy appyigd prsure, the
thi BRI G he @y%t%és? MORI G vhie tHé“gNeﬁLHg?Il@d Eokéskxﬁ% within the

has a particlé size of between abodt

. opef@irgSe@beratire radge ol the heahgameratingsowcai m 19 vvher e| n the

filler has a thermal conductivity of at |east about
20 Wm K. WD 2004/ 102660 PCT/ US2004/ 010087 26 25. The
conmp@undThd cmlnpbmdl@f whadmel wiehsn tthe compogid &s sutlisamtially self-

Vi Scosity
adheresnt to one or%oth of the first and the second heat transfer surface.

30. A thermal management assembly comprising:

a first heat transfer surface;

a second heat transfer surface opposing said first heat transfer surface; and

a thermally-conductive interface interposed intermediate the first and said second
heat transfer surface to provide a thermally-conductive pathway therebetween, the
interface comprising a thermally-conductive compound formed into a layer which is
conformable between the first and second heat transfer surface, the compound comprising
an admixture of:

(a) a thermal grease component; and

(b) a dispersed component forming discrete domains within the thermal
grease component, the domains being form-stable at normal room temperature in a first

phase and conformable between the first and second heat transfer surface in a second



bet ween about 10, 000- 300, 000 cp (10-300 Pa-s) at about
roomtenperature. 26. The conpound of claim1l wherein

wo b@41183660 has a t hernmal i npedance of | ess thpor/abmot/010087
1 CGCin2fW(6 Ccn2/W. 27. The conpound of claim1l
wherein the conpound has a thermal conductivity of at
| east about 0.5 Wm K. 28. e conpound of claim 11l
wherein the layer has a thickness of about 5 mls
(125 m) or less at about roomtenperature under a

phageyanl tp plonmthspraysm iz eansgithen tetipeckure sbode opeealirngmbiymperature

% under the given applied pressure

out
ﬁoﬁfthﬁ%ﬁttm%set%%?%% d]?aé fiperature range of the
heat - generatlng source 29. The conpound of claim1
wher, e co ﬂ ;@ %tant ally self- adherent
Lo ake of safsrf claif Qv Rt (1R G1SPEEEH gomRGRent comprises one
or fofkBle Iﬁe{afsasﬁe oﬁgoreﬁfuh%&ﬁ&hl %9@%'5%&11%%%&’%&6&
conprising: a first heat transfer surface; a second
heat transfer surface opposing said first heat
transfer gaur Gaith Y 6RB B ok Rusitild RIctACEr an
|nterposg§93%%ggﬁégpa%% %Eg%g%fgteand sgﬁﬁ sesc:ongire 5 aroys
cotnpatestonansinere siisifmuth, tin, lpadycadteiva, and indium.
thermal | y-conducti ve pat hway t herebetween, the
interface conprising a thermally-conductive conpound
for ged i Mhe assenleiof vluimlBli whexemnﬁherdmietsedhbhmeenttdmmpﬂses a
fir t and second heat transfer rface, the. co
cutgRAIOG: P oLy, MO L0832 AP ek L BHES0% ndim.
conmponent; and 10 (b) a di spersed conponent form ng

di screte domains within the thermal grease conpone
t he 3formilhe asasmplly &fr AR a4 Wheteim SrefPrpersi comprises, ! by total

Weﬁ%@ﬂ%&@otf%e%ééh Sholut 552}%]% ARS Gnd Pm%?@ﬂ\?fb@ﬁeﬁalsb&tlﬂ@@pac}loys or

rst and second trans er surface 1n a secon
coMbin20@4{tht3660 PCT/ US2004/ 010087 27 phase, and the
domai ns having a transition tenperature above norna
roomtenperature fromthe first phase to the second

phage. 3The EHi@endslg@flainod] ethetdin 3 dhani@i fartsitton temperature is
di sper sed congonent conpri ses one
between about 40-80°

36.  The assembly of claim 35 wherein the dispersed constituent comprises one

or more fusible metals, one or more fusible metal alloys, or a combination thereof.

37.  The assembly of claim 31 wherein:

the first heat transfer surface is located on a heat-generating source having an
operating temperature range above normal room temperature; and

the domain transition temperature is within the operating temperature range the

heat-generating source.

38.  The assembly of claim 30 wherein the domains in the second phase form

an emulsion with the thermal grease component.



or nore fusible netals, one or nore fusible netal
al l oys, or a conbination thereof. 32. The assenbly of
W@ bk@imeo wherei n the one or nore fusi bl e netaber/v82004/010087
alloys conprises one or nore of bisnmuth, tin, |ead,
cadm um and indium 33. The assenbly of claim31
wherein the di spersed constpguent conprises a
eutectic alloy, by weight thereof, of about 32.5%
bi smuth, 16.5%tin, and 50% i ndium 34. The assenbly
of 39.ai nMMiklasskrablyiof cldire 38oviEoeintheanysioadss alyyscogityadf between

wej t hereof, be en about 5-25% of the one or nore
aboflhg(g&ig%3%9%q <P @‘%'S)al | oys or comnbi nation
thereof. 35. The assenbly of claim 31 wherein the

domain transition tenperature is between about
40-4€bc. B asverablyof eim307hegsi8i m 35 wherein t he

di StﬁF RS0 SR NShk At %ﬁ'#a&pibmf)é:a%&?o rhelll?a(?-r eARGEnd WShBL Raving an
metal's, one or nore fusible netal a O)gs, or a
opecatimgiterapératurd frape abovedivrmaheomssepbratnregfandl ai m 31

wherein: the first heat. transfer surface_is |ocated on
DG SN PGt e AFHE Sy UG 9 RRETACg tendperature

5 ran%ﬁﬁfge?l@ﬁt—é&i%raﬁﬁgQSu@@.OVG normal roomtenperature; and

domain transition tenperature is within the
operating tenperature range the 5 heat-generating

soufce. ’?ﬁeas%&ﬁbl?scﬁ% Yi0Qfhddial m 30 wherein the
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conductivity of at least about 0.5 W/m-K.
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