THERMAL MANAGEMENT MATERI ALS BACKGROUND OF THE

I NVENTI ON Exanpl e enbodi nents of the present invention

relate broadly to thermal nanagenent materials for

el ectronic devices. Such matefials commonly are used

as heat transfer interfaces between, for exanple, the

mati ng heat transfer surfaces of a heat- generating,

el ectroni ¢ conmponent, such as an integrated circuit

(1C chip, and a thermal dissipation nmenber, such as
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ever smaller area. As electronic conponents have
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PCT/ US2004/ 010087
of the devices has continued to shrink with improvements in the ability to manufacture

smaller elecironic components and to pack more of these components in an ever smaller
area.

As electronic components have become smaller and mare densely packed on
integrated boards and chips, designers and manufacturers now are faced with the

challenge of how to dissipate the heat which is ochmicly 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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2 prone to failure or mal function at high

tenperatures. Thus, the ability to dissipate heat

often is a limting factor on the performnce of the
wPmeansh- El ectronic conponents within int %Q‘:rﬁfs%;t 010087

circuits traditionally have been cooled via force

convective circulation of air within the housing of

the device. Inthis 5 reg d, cooling fins have been

provi ded as an integral par of the conponent package

or as separately attached thereto for increasing the
preuertd ERracemalifinctive apiigh dgeexRes eThdsD the ability to dissipate heat
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t he
the overall surface area contact within the interface which, ih turn, reduces the heat

transfer area and the overall efficiency of the heat transfer through the interface,

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,
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i nprove the heat transfer efficiency through the
interface, a pad or other layer of a

-conductive, electrically-insulati
‘f@g"@z}"%ﬁ is interposed between the heat sin TIH%E@ )0?0087
el ectronic conponent to fill in any surface
irregularities and elimnm nat air pockets. Initially
enpl oyed for this purpose were materials such as
silicone grease or 5 wax filled with a
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NH 03051, Additionally, U. s Patent No. 4,869, 9
alypingmaidde g cured. formstable, 20 sheet-l i ke,
t he prakpMrcONgY Ca!fdr&%w%&fab@'m&&{aast fsaiﬁsﬁl‘mﬁldae bl 'ﬂﬂhde—
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T T AT T E
forged ef ahrethane blnder, a curing agent, and one or more thermally conductive 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 gamered 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 emough force to conform these
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acceptance for use as interface materials in the
conductive cooling of electronic conponent assenblies
such as the sem conductor chips, i.e., dies, described

w@zdg#ﬁ,mePatent No. 5,359,768. In certain PCT/US2004/010087
appl i cations, however, heavy fastening el ements suc

as springs, clanps, and the like are required to

appl y enough force to confgrmthese WO 2004/ 102660

PCT/ US2004/ 010087 4 materials to the interface

surfaces in order to attain enough surface for
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tradeddmby “THERMAPHIGSE.{ St Al Weisk-chizr HRfER/ALAS! foil laminate is
marketed by Thermagon, Inc. under the tradename “T-MATE™.”
For typical commercial application, the i{hermal 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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tradenane "THERVAPHASE. " A phase-change materi al / neta
foil lamnate is marketed by Thermagon, |nc. under
the tradenane "T- MATETM " 25 For typical commercia
[ j.on, the thermal interface material
v@ﬁg%??@%hin the formof a tape or sheet mhiéﬁﬁﬁﬁ%ﬁﬂggg”
an inner and outer release liner and an interlayer of
t hermal conmpound. Unl ess t thermal conmpound is
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5,467,251, and in commonly- assigned U S. Patent No.
commpply 1gfepred ioas Hermal iniatecs coBwawRds; eauilss, foymiinelace materials,

or ERAPRAAGES ThisY Iﬂﬁté}%lﬁqblg?y%% 'SE@BHT%%%% Sh%§Mtg§%% d Hore

nane " THERM A- FORM erred to as
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thermal management nrtlgte%&s would%%vell—receié%pby electronics mal)llufacturers‘

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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Such f
onf ¥ dpes PoLyRRRG Fiaterizea

20 cartridge or tube guns or other dispensing systens.
In view of the foregoing, it will be appreciated that
further inprovenents in thermal managenent materials
wo o 1desovel | -recei ved by el ectronics manuf geiiy
BROAD STATEMENT OF THE | NVENTI ON The present b
is directed to a thermally-conductive interface, and a
25 material therefor, for g;thermal nmanagenment
assenbly involving, for exanple, a heat source such
as an electronic chip or other heat-generating
megobp proeivied anc shetther pae] anddorswhiph tayrbardispeasabie) sclasnder an
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npedance across the asse
méte\os mop-mstatmitridefpercidse. Soeh fillerp howeet finshparticlasigh evithin the
' t .yphe herej
et BB e SR Bl 1Bl e e Rl AF RS BGLs of
the/metedalyyithio thednterfamsabinyedwetveeh tirenadpatibe: sasfages oif drcsembly.

i n.0r.. wax, bi nder d .a thermal LLy- canduct.i ve
ARl ERolng s W bR e B RIS W RREe b, o phase
chﬁngﬁdmt:a‘lialb I(“P.ﬂMhﬁ)EWHﬂch ;fqmmgndi@t@ﬂ lpﬂhﬁe_ﬁmdﬁ' i ﬁa&ﬁpﬁ%ﬁcﬁt@%hase of
[ rs have a fixe rticle size within the
_ 1 1 _ K icegowdz may ey fogpulated
witéf isNBighlyheonfdritiaBlentol NbwéNesmtach resisidiBe, "B whith b thiinfinum
the interface formed hetween the respective surfaces

thighnepsh dhezeod Vi a0 Apferdate agjebensiipe need me§ Yo defemiBed Pydihe

mdxiadm B¥iibleislze 2F g a, t her mal | y- conductive, a phase
change material ("PCM') which fornms a dispersed phase

wi t A an Bluglerivieeabodimshia e thermaBy-oenslughivensimpopud gintbe prosent

PRI 4 1 i f 3 aund. i
iU B dod A Bl 0 YOS Bl Blbas P yhich may be o
pago ot pette-tiles i camdstenca nahdwh fistble, He., fowi weperature melting, metal

component. The grease may be based on a silicone fluid, or on another fluid or oil such

Odl

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 reom 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 (Tr) or glass transition (Ty) in the case of the polymeric component, and a
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t hi ckness thereof within an interface or bondline need
not be determ ned by the maxi num particle size of a
filler. In an illustrative enbodi nent, the
thermal | y- conducti ve conpound of the present 20
invention is fornmulated as an adm xture of a
non-curing thermal grease, which nay be a paste or
paste-like in consistency, ad a fusible, i.e., |ow
tenperature nelting, netal conponent The grease may
) e a SI| cone fl on anqther fluid or
moﬁflgg’aémgf glsfius Hi n%‘P%ﬁS ]&rtﬂﬁﬁf‘ glﬂB‘?o%“ 811? metd eprppgypent, or a
trametnbm rcammumrrangerfeom e fired gligsConEe 6ddo® phdda it is ithin the
nent. my be fornulated as a

8 np
°Pn€a“f‘% Feén%‘i” eraB?e ﬂ{ca&& chastiptici ORgtatdl typivallp betitser about
40k19P0) e metal alloys, or a blend of one or nore

fusiple netals and one or nore fusible nmetal all oys.
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e LS A e S ﬁ»br&ﬁat%mwg s Pyl oy epflggrease which
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g rati ature_ran 0 e electronic
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chapgesathagsrungs &g Poeripg of the sleciienie cehpaisnar e conpar abl e

to those exhibited by conventional netal powder

partjculate fil]lers, Mreover, within the interface

or DBrigePHancesyik anfisarpecird the Ipégﬁsntaﬂnswt@nethere ls provided a
theeR A RESTRBE S MohlhobiE f&rhﬁhﬂﬁ% e? FErSYED Ima leqbe ysen a first

m ni nmum t hi ckness of the 1 nter ace mat err a
heah gransforpurége wyl all@ppth@gsﬁcmd bdat rhsfef sigfabd © pl’fefﬁcﬁla thennal pathway

thef%Hét(vQQ{ the QX ﬁ(lnfnh E(?Hclg Ising 2 (Hm%?#)e{ é ﬁﬂ)tésper el nent and (b) a first

renual
dlspeesedt ¢omgoyertt hformings nirseu disdrera ddonfdénst Fitisn@s Smatﬁx NBlnpodent, the

achi eved u latively | ow applied pressures
corfiind Beifi Baiasbindias Go Tt hoclon. it e domgblev romal
rootrhtepertturd linSefirtiphseafid EdifortableWeRyedR HR! first GHE %gﬁd PP Ssfer

'ygon t he pomerln%_of the el ectronic conponent
suriace mn a second phase, the first discrete domains have a transition temperature above

normal room temperature from the first phase to the second phase, thé matrix component is a
thermal grease, and the layer has a thickness (t;) of about 5 mils (125 (um) or less at about

room temperature under a given applied pressure.

- In accordanpe ‘with a second aspect of the present invention, there is



15 In accordance with a first aspect of the present
i'nvention, there is provided a thernmally-conductive
compound for formng a | ayer which is conformabl e
between a first heat transfer surface and an opposing
second heat transfer surfaceg,to provide a thernal

pat hway therebetween, the conpound conprising an

adm xture of (a) a matrix conponent; and (b) a first
20 di spersed conponent formng first discrete domains
within the matrix conponent, the conpound being

t SGr ' X
priVIALR G ELAP bR ssbRBL Ldibrilo® G B1P hOQ PRy Hiface;
Semnds@ahn"dn% rﬁhcfncwamipesmgtsaﬂeﬁrst heat ftramst’er anrthcgeadnal thermally-

. nsfer. surface a.se ond S e first
coffRlive R b L T o RTER Gl P Eond TR it ece o
provideratherfratiyrcrelngiive phttivay fhlé&%ttﬁéen fther 1ﬁterfﬁ$b€tﬁ>ﬁ1ph@mg Behermally-

cand hase t he natrk% conponent_is.a_. ther

005‘%63%%0 ynq rmed ynte 2 fer vehuehys crfermgd lftbF‘)WeB‘f R
hemﬁaﬁsférlsaﬂ'adepm c Il)duﬁ§ SomprisBRAl admPRurk OP Ta)lSAREK %ﬂﬁ&xent and
P

r a given applied pressure. In accordance wth

(b)s é%ﬂ Jlisperrslqompenany, Prigg dusitdiscrricednmaing, within the m@vq@mponent
theocroﬁ'}f)bﬁ{ﬁﬁ)eﬁl tcﬁ%ﬁ&a{zem%?etﬁgﬁ}st éﬁ&&@’%ﬁé 1]&9 ﬁ@rféxrrcﬁ 85 ?t normal

first heat transfer surface; secon eat trans
oLy t@lﬁx@@u@@mﬁm@mm andfconformddealetecantsf st @i sé@oe heatensfer

e t i interface interposed
st B Rt Piosp AR BBl B o BR8P aby noml
rocsnu I:d'@emttt&)from Itha:vﬁrﬁ @hase IIdn &ie rsedohy phas) dhicihnbtie cpapdiemyis a thermal

t i.nter a thermally
S GUL IV B S G S G D a8 35 Wi GhcRigat dbout room
tenfREheE ikt Loitpta pﬁﬁﬂ feb@rd i rst and second heat
transfer surface, ﬁe conpound conprising an adm xture
of (a) a matrix conponent; and (b) a first dispersed

COMARRERLmbR réfﬂzﬁ%ﬂnﬁénfss tac&’ir&ﬁ%lgt & rgﬁﬁn@ BS bbbt Qieelements

matri x Conponent ar acteri Zed
whidhaare expraplifiadsin the §Q‘Hé¢@dﬁdmrﬂ@ ﬁ]‘lbwf a’rdvama@slosf the example

B AL RS Thothe ol b ALRR SeBmge pgyeres
corgairt fresigarica aad seco efficiphakey tﬂ‘ahﬁeﬂf Fﬁﬁﬁerdﬂﬁzﬁit@bﬁ irdtdBiaNGermal

ve a tr.ans on tenp rat bove nor room
mt?fg"r?s e?la'?{i?l W?“Pb 33 ? FLiW Py ih@PREGHARS pryiing thin
mifiRmTBdrdliKe HKASRENT MBL’IH; tblﬁﬁﬁvﬁﬁh as 9€ @ﬁe‘&fyﬁgq ntlzh@nal havmg
| ayer has a thickness (ti) of about 5 mls

highdiilk thermal praperisonitily f@ﬁﬁ@r@ﬂ@ﬁt@gqa Rbydezn @r:mah uamfﬁcre suterial
_ whﬁﬁherﬁﬁuﬁcesutpgﬁéad fn nl:tet SJ AERS o sgﬁﬁéy; gh Y Bther dispensable

conprise the co nail el enent
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:



10

15

20

25

which are exenplified in the detail ed disclosure to

foll ow. Advantages of the exanple enbodi nents include

a thermal interface material which is fully

wofo9id3edl € for lowered contact resistance sl

efficient heat transfer. Further advantages |nﬁ{SE@ﬁ/ﬁms7
thermal interface material which may be fornul ated

for use in applications reqggiring thin mninum

bondl i ne thicknesses ("MBLT"), but which as al so

speci fying a material having high bulk thernal

pr opftg.tli sa pBtrebtivel viewhaefra mpmemagveghérml intkafaae tphe havhg a

trr%%glaﬁe ggf eqthe%%nall}y\@on%uct VE comé:u dtﬁlggn%ccsor&antcé with
ﬂldp&pmnmmtﬁn form BRI EF DESCRI PTI G\I (]: THE DRAW NGS
For full er underst ndl ng and.o
of | (e 3 i BB PR e e e BATAT e G Hge. | taken

thfoﬁgﬁﬁﬂ\émloﬁmgal .l ed description taken in connection

200%‘&3‘2‘6 %e@&%g% g‘faw pliol %\Ayﬁgq?fgtg %epgvgfompound forming

| th@san&&ﬁfable\z@ew)ﬁﬂe Herrfal LRBTRS PR ﬁﬁérfése éf|grpl interface

pad having a confornmable |ayer of

t herial4 i ﬂdﬂ@ﬁﬁ%ﬁé&vawmfos&hﬁnwrw af adenrepepietive aphedion
of¥ht NherkbBy-R5REGNe dopygRthd QR thd Egssen% iheenflon as dis ensedfonto a

cross-sectional viewof the th i nterface pad
sufpep; 1 taken 5 through I|ne 2-2 of Fig. 1, Fig. 3is

a d%@ é?gerﬁé%%%ﬂgﬁ%ﬁﬁo %{f&ﬁ BlerhlS f‘ﬂ?ﬁﬁ”@s‘#gﬁ% toa

conpo ayer o
platntﬁamiaa;cseﬂqfaudlss m erepresentgive megrnaljrpa:ﬁgegnend, agssmhly;
per Ghiy matic

rep nvt; 2 tcxl‘o\s;ssés?eggz\é\{il?a?%ﬁ’vf% a re%rFsetnﬁ ve th%;maa management assembly
wiidnein tiwel Heyt sirknahiddhtiexfBoeCafl i bnede Gfspdsbe irplicas @misfor adjatdrc with

s ensed onto a 10 su [ S s a . .
o (5t S35BRFNG ovrms Y Thuas Risraf bring iRviessd it cdgive
helt aansf@nélpthet Qvith tHel Bda@-shkn altP @bmpdrdkt tORHrateds aNlod thermal
esent ative thermal managenent assenbly; Fig. 6 is

Geatganthespatwestiaw of a representative ther mal
minqg% RNk a%&éﬁf‘ﬁ@h Yie Jﬁ)h’tfbntd? eheliR@iract gall oBEh 6 showing the

interface of 5 are disposed in heat” transter
merghelegsHbgreqy rrier 1o 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 represenfative
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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15 a heat generating electronic conponent with the
interface being interposed in conductive heat transfer
contact with the heat sink and conmponent to provide a
woYoi igkgel 1 mpedance pat hway ther ebet ween;, CE/[%zanﬁl 087
I's a magni fied view of a portion of the interface

of Fig. 6 show ng the norphology thereof prior to

phase change in enhanced degail; 20 Fig. 7B is a

magni fied view as in Fig. 7B showi ng the norphol ogy

the interface pad of Fig. 5 after phase change; and
DETAILBD IDESCRIRRION OF FHRENVENIFOMNCe ver sus pressure
for represen ative gorrrul ation of the _ |

t her IEBTRREYT Y ¢ BRpUEGYSr 1 hibe pflesgdpfion to follow for
cohMarixiict @atheransh a:s ang Qﬂmﬁ@gmtpasea Bérasi@aipth, thLiBs “forward,”
%GW 6 < 25 ;Lhe raw ngs &n he described further in

Aot TeR e (R PdWONGT Clssignate direehions i feidsiges to

WEl&Erdf&b'@%tlé Hade, W20 443 2680 £EHRFS0 0 4 1008/ “infoard” and
DETA| |,_ED DESQ@ PTI ON OF THE | NVENTI ON Cert aln

PR n TGPy Uise Fner&yEd” referring rerpsetivieln fodirectons toward
anfl OAWAWEOR! the QBMENLENRE R Eﬁﬂféntf od'ndaﬁﬁé bk theBar or

purpose. For exanple, the terns "forwa

“hoyigontahapyl axial} ghtvertioal apferning, T@p@‘é—ﬁel‘.% rﬁrecn@m pxes, planes

pefRAkGNAL ﬁléjgér%ﬁ% 18 r}:ﬁe cEntfaE %1%5@%919&15 Q¢ %q\{\@f&gnced element.

ererence |
Ternmobagiy ovf, Sindilan nmel‘t ofiser " therb alag avordsn speciﬁw]lyvaneﬂ],tibned above

r t boar d" ef e
ke T o e cpusi g oot i Rates of SOrelichS ogr e any
hm:ttlng eensaf Pﬂioeasr wkd hepie dstale &Hﬁm‘e” nﬁllydaetlh;ed ﬁlﬁ‘é}ﬁﬁangeably with
" zont a axl a or "vert] "
“plsP Shfieso® ol BerEPRIPh 18 ronBiie S sgrais Botersf Bipses such
as aebmdumﬂdardl@mecpﬁiaaé lvathirt Hcdoidub @Bl lapdr tﬂle@.étﬁ‘ t udl nal
aX| ﬁhe re erenced, el enent. 10 Term nol ogy

Si m e Pepey € eBFWé aying 0 afRbepERgls desigaptiqncary pe referenced
hefERDEAIRBOEEIPHION Ghe AHKRWS s Wil bO afiRrBPRSASHRY, 35 tREhRkric

used for purposes of conveni ence rather than in any
portios; ofjthrydasigaation ol oFurdiey Jhaicanstieen parts efivasiogh glemeitis in the

B S e b L FAAREA ol Hymerl 33 S 88 wadihtood 1o
refam e thah ponstimenisparisefcthe element awhndtribe abmamuasaa ovboprer Senbral
Ie@psﬂé& al%é Wltlﬂ r@fe?e%%ot%n%a&-:rs éu%gé’s, Ehrlln ngions and extents, may be
des1gnated with arrows.

For the illustrative purposes of the discourse to follow, the thermally-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 {ransfer 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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15 In the figures, elenents having an al phanuneric
desi gnation may be referenced herein collectively or
in the alternative, as will be apparent from context,

zo‘bﬂ Laymeric portion of the designation kér
v@urt er, the constituent parts of various elgL Q4/p1q087

the figures may be designated with separate reference
nuneral s which shall be undgystood to refer to that

constituent part of the elenment and not the el enment as
a whol e. General 20 references, along with references

5.821,58926399,330r5{288791; SHSGR09] IR, S6RNS, 10K 48035337, 9&9' shies7,851;

55 [ S RO B DER R aats 4 95 AL R0 P GBI R EE sos;
4,764,815, 365,987 AGBUF6La 606veD of 602,693, haes, i 1V ankh A8s; 4299 715;
he% | n_ i nvoI ved is described in connection Wwth

-2 nltavillhs sppreciiada beweist: halssredts oaﬂlea:rgﬁg@t invention,
wileh %herﬁﬁﬁ’vegﬁ il Be %odfde&sm ek Wo1L,f e ﬁln:? heakye ?rfoﬂrp kdeh as a

whi ch is adhered to a heat transfer surface o
t2pg, dpwh find gisg dp péher dhermehbupassment appligatinngt Thokoategipl of the

mbﬁﬁfbn bis8 'ﬂ?afy@'e Iﬁﬁﬁtcﬁsﬁt&ns\éﬁ b lotRer WRde! aﬁgléu X taa S}Eeﬁﬂﬁﬁ{ﬂglgn Oélﬁo  one

surface of "a el'ectroni ¢ component
oft the hpat[tranpfeepirfaees binditast plaindlrcdi ancaiio suchras spraymghkniée, roller,

t 0 4. 6. 054
affiSGrog odefind ot SMinLORonifs ndbil) el X B, or other
prétiBg ool te 1ie.4$ActORES arki Sfplcatos tHARIREGAHIIADE Gonsidered to be

04/ 010087,..10 5 82: 5,309, 320; 5, 298, 791;
e’%%%%@ﬁ‘;“‘%??&%"%‘%%m "f%’é 5 137 959 5 167, 851
L e L A ‘9’3‘5‘,’5"*2&%1’2&?%? haltofer b2 nsed
to df‘éé%lhfﬁsedﬂeﬁp%éﬁgéﬁm%é égfe g‘é@f the goverg7giewg Wity eqyiyalent
cléndfd g, referd@Rd /With prinitd o8, B&nlel’ alphbuoMdric B&ignations, a

‘% reci ated, however, that aspects of the present
rep ive rthemnalpiiceniusive TpigtiRope Py ity aserdspes itk they present

inGdnfSh i Q)!o{rm g%ﬂ&ﬂly atflbllﬂ'?erg;?ecﬁ?é’ flFigof éﬁdslﬂ%posé‘%o@on in Fig. 2.

tape may fi use I n her ma rranagemsn
Wiipim) p cheimeh smaﬂﬁﬁgﬂﬂﬁt aspinatily.opad H@ isi injepesabla mtesmedmy for

erﬁPt Ie #hﬁj of bﬁ&%ﬂlﬁ%@?ﬁaﬁ%ﬂ ﬁfrﬂfc Pls! il la ?ch . é&o&r spfdader

ont 0 one eat transfer sur
andl a bept-goreratingi elertroniceamposamt Iﬁseaﬁg phatpi proyidk mi lbw, nnpedance

A P, Bl DGRy B SFELEDe 5o e
refarﬂnnetd mpraﬁy dt ihefpaked 1s$ﬁnspbsab$eem c@ﬁ&ﬁm&p@ héxt adahsi@YScontact or
RS 35 e B O R S 558 Lot e
surface, referenced generally at 14, of the pad 10 being disposable in conductive heat
fransfer 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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Referring then to the figures wherein correspondi ng
reference characters are used to designate

correspondi ng el ements throughout the several views
b dd jval ent elenments being referenced Wy [

v%? sggggﬁtial al phanuneri c designations, a %%&HB%kyggm“
representative thermally-conductive interface pad in
accordance with the present; invention is shown
generally at 10 in perspective in Fig. 1 and in
cross-section in Fig. 2. Wthin a thermal managenent

ofdbs ﬂmhhl 3, m@ederdént ifaSseinBIye rms;ﬁ@dh t%pblﬁiaﬁﬁ?ﬁ? ddaraﬁcﬁn;adfl@rer 20 will
ex e, a pair of gpposin t tran r _surfaces,

N LA ARSI FS AL .

gréfatthSLAKAED REses BF hh)Nting WANRANANY tHeBRR iib&ianéy) skdh as in
provide a | ow i npedance, 20 thernalhy-cgndgctlve .

CHRAEHRRE VIt &P ENe PRtk Of Peivern 809U §etlel-0% i S (0.065-0.13 °C-

ek W l2h@ 6 hSMbf RAQuctivie bEheR GRS 19 8ReFBhédwal AS?M D54 RAGS at
10 1's disposable in conductive heat transter contact

least abogh. 4 {.wi th one of the heat transfer surfaces,

Wt By 30 0RR0S LA ﬂ:%eﬁé’s@rgt %g%%%?%@ _thei&i%ﬁy%&% {)t{%fe SHRPSER of

generally at 14, of th _ ei ng |spog% ein
the oenforsnableelayera?0 ist foamulpied, wishtrefetency madieatedlyclp the tshmewhat
. 1he _he . . Sur 5 d,20_ ... .
e R L
refasentsd ai36 i0Figk 3,58 4 btend br other sdlnskterstof arcohtinuotisayivse amponent

the like. ln.basic conposjtion, pad 10 is fagned of
ox U ons g SRAS o TP Ry Y BB A Bl 15er 20, and
a Hizperstdatplshei commpartdan ctiemicbistiledt pwiaee @brdnsOfenctdlilg discrete
resent inyention, which |ayer 20 for t he surfaces
Ao i £ R h EiSeR=A 6 e A T BTGVt B0 | s
C ONMathe ad¥ntiRMioud thedeVE cnehoR &t f iy g%bided hetweens khfrdlRAtermed a
transfer surfaces WO 2004/102660 PCTI US2004/010087 11

thegmat greaserarnmale, Yilh Stpclreh{ thamaad gbrage” rgpin being adopted and used
in@RRAdge M1y QA thERAR %Elﬂ%ah FURS %pé%déﬂlﬁ uﬁgﬂgﬁ_@ lv{SsQ(!zs‘:{tg g-.g%)me or

referenced at "t" in F

. 2,
inigipsif)owBich o IBTES epteermabori00IEBI000 mprLD-80¢ Ba6), #peh non-

. i : nce. A . _
¢ ac% girlg g %’;\énré%% \I/%iet eL?&@#hﬁ%%g}e %?&g%?%e éer'fslg%o ué Bé ’% Jugpigs or
sagging 20 Worfl O6dn GendpRralird (batRedy aboun @580PCp boabtherwise may be
conduct i vi,t su as also in accordanc jth ASTM
soRAFIE, S . BEGeran bt oF VRS Pt o oP B
Wi t m’aiﬁdﬁlaﬂ?,eiﬁé fHerthd) \eeatd @Ay bé BR-bhdea! aFll thifre pRARMGHY ¥8sed on
conpound o the_confornmabl e | ayer 20 s fornul ated,

2 el pretprasrben el nehbdetic 9l puphi @ bt &F preferably, a silicone

oil or, 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 1o the surface of the heat gink, spreader, or the

like.
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stylized norphol ogical, i.e., photom crographical,
depiction of layer 20 which is 10 referenced at 30 in
Fig. 3, as a blend or other adm xture of a continuous
wae81 onent or other constltuent whi ch E@;urgga 010087
general 'y continuous matri x phase, in |ayer 8

and a di spersed phase conponent or other constituent
which forms general ly discrgte domains, one of which

is referenced at 34, mnthln the matrix phase 32. The
conti nuous phase conponent be provided as what is
geneidaktiopalt flfepeghdaadditived iney bainchiediethe thepagt geasevcdhpound

AR o NGB Oolre RoTeT B CPRor e poh Slers

anfDejdeitiges) GvhidOmal the w@@aﬁdeﬂywﬂaheoblwc&npdsnent it biddsidtional
whi ch may range b&tvveen about 10, 000- 300, Q00 cp

miphg oAy 03 el RS PRLORR, W HEPEREPAE O SEpackts, opacifying or

anfEBahial | erdtQr diam! BRI il kadkifiels, pigrents, M@ idabeNtREIlizers,
slungln , Or_sagging at nor mal room t enper at ur e

aeky @s gsqa@m}om;g@pyla% witiexidagis, hermsljy-conductive

ﬁlﬁﬁs.nbmﬁlﬂﬁérg iRtk 'ffﬂ% fhodfffersO tlRIAMSS B &éﬁﬁ%@?olymers and
vi scoel ast’i ¢ ‘and/ or thixotropic. Particularly,

- otheriagants anghiners Bllernguches fimedsdliced, and nore particul arly

bas%‘é 8ftimdl tﬁ@nﬁ?l fe‘éfr | aﬂéx%%ﬁ%@ggo {m?ﬁ‘géééii}fl Co'ﬁééd with a

oi | as a g or, pr
coevdntl@ltal iasmmdimnmyhtfee rpagigplates ifille opmfutﬁlbsuicd Suchhifiler being

af’"{b i%he ag '3'0%%’% 3. 9 ﬁl}% t%aggall Qwﬂlone mcbudeﬁ%vlﬁnn the

oremen one se nma
oilf cmmpohait el atpmoﬁ@ﬁxcﬁﬁsutfﬁdttmt emhisyst ﬁmpﬂowinig the |tlo7étmal oonductivity

ceFidb” 58 et g ivubation, ] St HALAC P el Sout 20

R0VEHS tof) weidht O EHF dilecmgfoﬁ&nﬂ afid BNESr T ditndRBhpeesk the filler is
IlDgressures of .abo 5 psi (35 kPa) ,or less_to the

proessedly sritipgido %Puewﬁﬁo U5 P invegfion. hig this; rpgard, gg filler
ma%%‘lffé%ﬁé&@ra ﬁ%%ﬁ@ﬂg@%&&@& fldie, elert JiRBarf bl A6, such

and tives may be included in f errmlargrease

as ebanped del 6 Sibagi bie praserbly Hall beqnw%pﬂw@p pidate to assure
i g
or dtstrrb@h@n of the filergppicadivtwitlnaige fronxbetyeanmbant-0is 10 maly(0.25-250
w5, AARNSA) SAPLE AT RS 50 i
conductye filkark ivfhighr may m githen elsc;md:a]ﬂlyrdondmtme osmcaiooﬂlduzﬁves mnclude

bofgohtaqqe%gr hak darbttﬂhe 1m§1~?m%e CTE@.% o%c%ln %Qr%n% grapfn e, 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 themnal 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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fillers, stabilizers, dispersants, flow nodifiers,
tackfiers, filmreinforcing polyners and other
agents, and inert fillers such as funed silica. For
hermal performance, the oil conpon
v@%%%%ﬁ%Ged with a 10 conventi onal qQ&"gE%MRﬁm”
thermal | y-conductive particulate filler, particles of
such filler being represented at 40 in the view 30 of
Fig. 3. The filler typically will be included within
the oil conponent in a proportion sufficient to
tymisalystilli gxhiditeMhelinmd cottcinsr pal As:mdambvd;ﬂ%tw%sdbbﬁob. 1-5

or, the intended applicatio ner.al | be . .
G e T R R AN AN
(wcLonémp oS REmdR vHiill the filer] AR sHict8 oRBtheb BAREMPEndnh Benerally
filler 1s 15 not necessar|ly critical for the purposes

 Toggps 4 hypdep pie whitchithg Al paricles AediPEstegard, the filler

May The dRber8dl cBSRRER foRINAP hd Arhaitth N0is IS 6rcﬁzlltc changing in

flakega? atelet, irregular, or fibrous, such
begngpleaied tor benformstablc) 5 @penal Fem wmﬁr@w@wly wbout 2§%C an a solid,

seRPVSIRI gﬁ§sy,o$ stRBhd GRYbRIE OI' f@sﬁtﬁrag subk{/

u%ﬁ‘g?nfonnable at
di spersa and onbgeneous nec anl cal an
anpeleyséndt emperatiire op demperhloresiange o Hiwdr semitliquil, of athewise

v1§cb+4 (&5 @5;9;5@@& %atw bhe gw%ahglﬁm LES %Pg%;dé%&%%d Fase

compoment, véhi¢thinak ﬂl@sﬁs mﬁltihgycﬂmpe%ure Suoint abfben tstablenfidst phase to a

oL e A AR o o 50

—tp

* willtu the opérbtiigdempérhiusdinnoseiélbafoniteompbititsnum ni tri de,

sili.con.carbjde, gra h|te net al s ,such as si]ver,

ol urlER dipe ﬁid%@as% poyeat fympg; the doaaing, 34 ey BefesigAr other
poBheie-batta PU Mmfopdptﬂ@al tHek Sl fR¥foHRanchd &Y p&bhumc% 8l@usible,

and antinony oxi de, and m xtures thereof. Such

.o 1PV AReiRgh B b reetrls W] glloyof e tyne Wh@hrfmcommonly used as
soRIBRUHE E]iei/rhél)imﬁ oPRRL I?aﬁlcﬁgrlyvtﬁé Exs%é: d a2 e Bie or more

econo an al um num oxi d ['um™na, or” zinc
of csmhd@lsr%wn@ielsm@dor mpiel o suﬂbfusnbéfamgnah alisfys, orpa ovieliire or other

'contB E@Jer e ddl‘%érg'fﬁéf Qn%%é@&hd]nnﬁ?rdrqzﬁor@%1ﬂ ?Eet allo 8, . Such

consi nmor e erre 8 ConDi nat of
medtle awt allogs &ypmailyl hsvmdhi:g)pcom&s mrtmaltnifg TABEeS ksecluseﬁtbm asolidus

g oo, o otibitas o peeUarT S 2000 HoAb500°), and

- usiIY/cbigai 0Ad 8400 of bistaukh) Mag d, ¥adihiluh, S thdiud, Buttalh@fxﬁﬂarl one

condugcti vi ty er ASTM D547O of between about O. 1-
or RORE KOG TRrtalS FYel RV Rince RPes: 2k adimemy. RSP Eertc aléw is
foinfidded HRR pARAM of sfeh! lﬁ&élw sukR elrebiPhding éﬁieﬁﬂl@& ¥Rfing point

wth the filler, the sil icon or other 0| conponent
whidhyagighg lgwer in than that of each of the constituents of the mixture.
Representative fusible metals and metal alloys for the dispersed phase component

mmclude 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% indiun,
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 tramgitinn | teppeatyre af ths
eAMb Gt ﬂ@fnbﬂixt;ﬁlagﬁi | R0 Qéuslyv‘ﬁéwgé\rgfat%ﬁr Wud Oyt liefmal

forms a binder into which the filler particles are
di spersed. 5 The di spersed conponent form ng the
domai ns 34 i s phase or state changing in being

o0 be formstable at normal roomt
WE@?A(E out 25C, in a solid, sem-solid, g%@s’%’%ﬁms”
crystalline first phase or state, but as substantially
conformable at an el evat edéerrperature or tenperature
range in a liquid, sem-Ii qU| d, or otherw se viscous
second phase or state. The phase transition

t enpHicafiudibe: @%tatsh@ddnsmm&% aph 88 Riddd wERD HREMErmaVVRieas® or
froma form stable

tgaly@?elts nmejtin eratu
Sanstignet B (e tll%thﬁ%%léﬁ%wwty
dé%&‘éd\ﬁ@ ﬂaeéiﬁl@ﬁﬁed‘l@pﬁﬁﬁ%m %ﬂ&' géﬂébéll? il B |RE&Fat iRtweh hbout 5-25%

wthin the operating tenperature of nost electronic
b tofR) Sisiet of thwﬁ@na@@p@péwvs Rerseousdrigortbnthermesl gresee, tnstuding
arf OIAR 3 ﬂ?»&mgﬁtycaﬁu&ﬁélﬂnepandcaﬂ%%dd:ﬂ@ésyﬁﬁfm&mgﬁﬁ &%&%@Mm
but for optinmal thermal performance 1's provi
A shqygt i Big. 3.1withinghe conjinupns| nhasryoipdie eermab guehseo?2, W Aiksible
m@tlais%dlgf m! {A? ?li(%'E ?orM‘t’h Htiskr3tel (%EHEB{A' M Mﬁ?ﬁg a:%sch)srﬂpgl%éé with the

and t herm s or uses arti cul ar
fillgr spmporstt 6 af dharanpasse Typieallyy treodeanaisf 34‘5 wilh hfrves 2 idiaenetric or
t 1.8 ch i bl al.l
o U, 1995300 I8 i 4D LS. oA Bk R B e
dapemchtmmathd degme oﬁ dls;mseorf withibltkee netrial 322 bﬁ@xy@omﬁmm may form

tal 0 | ve el ti
oaREEr gy RGeS 2 SRSt & SOy | TP BoteBhparly (5@ or
mb@. @As lé%?é;m thfeﬁfﬁﬁ I“ﬁlﬁdld'éte doﬂﬁmb&lhﬂﬂﬁ e @h@étﬁto@@to%@ﬁf o either
usua ontain_one_or nore o
S“!(tiﬁé RS mfhé(éfﬁ‘aﬂ—‘{ p ﬂ&"a*&%l"&ﬂ?fa“ﬁﬁ%i theiesf um  but al so may
one FollbwiHl{Be REAL oHﬁiﬁhﬁer 2066 a3SmSeratdR whigh RCabove the phase

copper, and antinon ten, a eutectic alloy is
é%ﬂ'%ﬁ aetal uehalipyy dhes domgioh Humagtfoen an

than that of each CONSti t BNt he 'm xt ure.

gIQ@e mmm@qw (ﬁﬁglutﬁ @ ininaick ofithd empisifiedatdmayosnd may be
I T

w4l SRS PR, SARIIET 1 Sa ST A0

thiyioperatig tammratuxanﬂngm df the dmttomg; amq:einbnmgwpmmt orobtherwise

SR e s P ik o RS pitn T DRl KBt dp e n e

boRliEYoNMbsoverhit hidbdaoobsaivedahd theoiiitioA I AMmiME) boron nitride, or
004/ 102660 PCT/ Ug&004/ 010087 ]f

other thermaily-conductive filler particles to the Tormulation, although not necessarily

required, provides optimal thermal performance in that the filler particles 40 may

funiction 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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The fusible netals and netal alloys are included

within the thermal grease or other polyneric

constituent in a proportion sufficient to provide the
wdshRegponductivity desired for the intended o u0i010087

application, and generally will be | oaded at between

about 5-25% by total weight of the

thernal I y- conductive conpound, i.e., the thernal

grease, including 5 any adm xed thernally conductive

filler and other additives, and the netal or netal
thetHeayal grédse, abman biefilled gith Fhermbliandubitreqaicutofifers, and the

.phas f the therna rease 32,.the fusibl Jpetals . -
GRARERE o Bine A PeRD elr S s o high e T el mellsh O tirer
Inahe c36 ol ieNBpSREd Phdsh céhifonehi BBy inbé 128k ofld oPinote@sible

reas&ﬁ]ggpl cal | ?{Eﬁ‘»t he domains 34 wll|l have a

MRS R 8} allogp. s metpisent 2lowsmeaydirdatodiced rthe form; of a bar,
108, irfgbt, RRIVC@BwaAROWE the 4ikd Mdl SakikBt GAMhedREmal Grease under

depend upon the degree of dispersion within the matrix

cogitions RhFiyaien ivap s ashiqhararedat ifne tee phaso ansHiswitergpeapfure
of9kt efdbals bRl ﬁl’ozg.c gl thgt casdof a Qf)w&'&, e fﬁ@ﬂl@tm&alrﬁ%ilvﬁla(ezgr form

_.or nore. used herein, the term"discrete
prefgfed, disst ma0obe anibed onebertissogrouns! ee¢amminytedi tp raffect & pewder

Y T
thevthienel igseastroumponéng aphithseelevbfdior ambieti temperetupsr at ur e of

h ' I I d ' 3 f
(e B BB R B 1

THeoeatore b layey 2¢ bf theeombotddembyhiey coated g eabasatider iox pththeamnier

AT B 5 Bt LA 5l o g e e
suble VB NfoR Bedip1d, GpRRthe 30N F0RLIAR o8- c%@@n%?@aﬁ%gy\ﬂlhﬁi foating,

.the operating tenperature range of the electronic

digRing, GHERSIEN CETW 108, Scien BrREnS PE ethersitset meesss. o6 Sy e transfer or

otf-iB@fect prekks! Noker LDRIRIMMeSieQtahS1a§4 J0 ﬂaﬁ | dfied 1tS TRAMS the
toremain in the bondline. Mreover, it-has been

soblsteioveayelonzamn adverenifiin.i aonlies, oxloter masidusopfoRerihyer i29eon the
rel@hse hss]temz. AJ@feFBL&ﬁ’thﬁﬁﬂ%ﬁﬁthékeofftﬁé ﬂhgﬁua? d e&lr%rga Ay Hifeos,
f al thoug y €

ormul at 1 on, not necessari equi r ed,
angdbssivgaodopmechahicaltendaiaybe dévloped betwican thsdayet A@and the liner
gfiller particles 40 may function as a thernal bridge
bet ween the donmains 34 of the di spersed phase
c onpdihengh 26 rgjuired) @ chiier equpmferodmeant frentben tefetenmmid at 43in Fig.

GRSl b s A o e 2
orVdliBaREaTdly onadid HEPER dfahe Giffdced 10hed T4 eVprodidet Mereased tear

conmpound.. Returning to Figs. 1 and 2, in_the . . .
- re%%t%@ac& Sep RTRG R s FeBan ) BAEES Hyogd gs haying 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, €.g., needled, fiberglass fabric, cloth, web, or mat, or an atluminum

or other metal foil, screen, or expanded mesh. In addition to finctioning as a carrier for
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the thermal |l y-conductive conmpound of |ayer 20 may be
conpounded as an adm xture of WO 2004/ 102660
PCT/ US2004/ 010087 15 the thermal grease, as may be
wo dobEthaiot h thermal I'y-conductive particul at g filb&h 10087
and the dispersed phase conponent under congitl ons o
hi gh shear in a roll mll or other mxer. |In the case
of the dispersed phase conpgnent being incorporated as
one or nore fusible netals and/or netal alloys, the
netals and all oys may be introduced in the formof a
thbaomp@mdpthe réinfpaiemepiedlbeay powseat o @ipréveahé plgsicahBgkngth of

adn x j t he .t her . grea under., conditions of
o feand bt G ishe Gl Ens A0Riner G0Picel tePiieabizes and
dib eatiifg tit@D virRper gbieies.0Thd Renfombabs nafthealypR¥By willhave a

{ he case of apov»(??r, Ihefusiblgmetal an at ever .
tBssH Op Py PeEgont o5 di2 Bl Zh D etityf tipkesspbout 1-2 mils
(287504RE R saFEdubesetaloabf ect a powder having a

desired particle size or distribution, which powder

t henVHBgonsBuing sefpsaiede &esi hew 2. po meptoner deyu|20grayehsdormed
oL PHORE Mherdd2 GhichSherlpsY Bbblds e SRLEM of AIPRIA! Wik Sase of

After conpounding, the adm xture may be thinned with a
hagdlingosnid/arascn pretectivd lagen for sitippingat seqond gelbaspdinen GHpmay be

1&&3@.‘&%‘%’&&%@& bR &cﬁ{’rf s%isjfﬁégeﬂlg gf Fakgxa?(f nhe:‘)%{&?%lflg{ ﬁﬁgﬁ%& for

carrier - strip or shee
either gbdtn ofthgdines Anahd24 inplude avnstooks oneithemBinmserf podypdddins,
. f,or- I in knife atin roller
PP in B p RHEY. A oL b8 031 Okl Bl wasc,
silitionjzed)sir ther eodtedusipanor Hastie davipg bmélutingly fow oirfaee energy to be

direct oce . . a ansf e r ther j.ndirect
roffo it Wbl Eivecials Pin of 1 PueT by B B By 135 of i sppsoate
to GHighCthé Biyéd 1apbd dpplieds dbatRhding apdtetie ddhdad alid @i nd method

fi.I m .coat or _other residue of the |ayer 20 on the

, | ng |
of ifnsBsine F‘}C}%@F by picknandplace<qy| athes rufopsted fiseasing means. kfss-cut
paiB €0, 1R @éﬁfﬁhoﬂ;_fl@z?%ﬂﬁ Faye 0, ith Vel RBIBOFith oPRitBER 85V liner
and/or nmechani cal bond may bé devel oped between the
A4 Bpet shertaridtapheof] kinser42, 20d49ppligd: ot favey of egeheckar toll
d r r -
AR R SOAEEP By (RS Fom 4808 SRR gl with o
witlpuplinegd4i nt er |l ayer therewithin, as shown, or
alt L.valy h . s 4
o oBTHYAL 18000 e 8 ek 15 SR8 S g, Akt o
substratengiberehdn a hine, svehvbe dird3lyromyonb ef tler matirasfdn awifaogs. In this

A T W TR R S ——

filtek Dexditdzd@vel, 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. TFor 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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caned. Particularly, such nmenber 43 nmay be provided as

a filmfornmed of a thernoplastic material such as a

pol yi m de or pol yet heretherketone (PEEK), a |ayer of a
WEOYRD1QksoNON- woven, e.g., needl ed, fibergl aﬁﬁ:ﬁf@?wfﬁwom
cloth, web, or mat, or an alum num or other

foil, screen, or expanded nesh. In addition to
functioning as a carrier fof; WO 2004/ 102660

PCT/ US2004/ 010087 16 the conpound, the reinforcenent

al so may be used to inprove the physical strength of

t he L«a:;ke:rgﬁﬁriaﬁfﬁg pﬁdrﬂﬁsbﬂ‘mﬂﬂe&* of &l doipatned a6k BYbeing

at t te ure nd, die cyttin 0
Ghorvet sy 3 ot PEERR AL ERATS: e sy Hewpeina 2 ofto o
piiypd o;aidpyimeﬂ lsrlrrfd&e,\%, a;mdlmn@mas;ﬂasﬁfz hahl\BeseraRie Whrface of, for
i thl ckness of about 1-2

0.5-5 m | 2.5-125 ., With

cHnpele, a e?tfgksﬁﬁﬂ?ﬁﬁe r?*iaﬂf#r ROVSITEIF FEt 8o qogiponcat. In
{HiV feBar@, 0 pﬂ?'ﬁ%er@ﬁ@bw @ef&x@ndéﬂgﬁﬂ s #Madnde bBSharged as a one-
ment i oned ayer 20 may be fornmed on a release Tiner

ParD SKFIER TP ep e?fﬁ‘e’iﬁg%o s of hethey cppfainer; 44%f cpppecied yigy fluid

cézlﬁzhmﬁ@&“ﬁ%n Ofhich 8ag bl r&eé&[}ﬂz{s%oﬁﬁ of\vild rHBEee&t 6tﬁ§r doB¥EF cdrbcted
sh |pp|n a second rel ease liner, 44,

SRS or provided over the ot her surface 12 of

| ay

the T1ee r‘ﬁ%“g% AP eE e paf be HinBl ol Bk Bl o
syringersor ddveloped) by it ps airlepd awtering zeadlppmhfyvmqhyhs a proportioning

cﬁﬁ'déif drq':t ]rém'rﬂao layrggtgl% %groﬁﬁtj Aflﬁmo rs,cj)rﬁﬁ:’o‘ua:q%asr suea frogTL g%gzle 49

silTconiz

.arphqmu th@rsuﬁhrasctd cAbhapplied, the mekats mbr)belsumtaﬂfaﬂjaeﬂf-adherent to

ene able wi t hou crabe ftrn
B RGHER 5oudf o S RS G o HihesPrs ROt afings, As
withi tad ldyee zd),ame rmmytfﬁb@d@ﬁ@b,éoﬁﬂy o valsl Gbl&ﬂ-sﬂd@l@rhttﬂb@mal room
i nt ended Spgfﬁl cati on and nmethod 15 of dispensing suc

Te e ek B d0PYE 8T BRMRANARr o RGN nepriied Ms%l@andled for
asﬁ&ﬂlb’l? or Bth&?w:ré‘dJ t AlteRASrel0the Rhass A5 triak) B Wendyet Bl wRE non-form

, may be carri ed, with or W thout covering
Sfﬁfrlﬁ élrd maxrbe Wt%n@r@bfhe g¥efacs yee Bfiam ppetheyberriergot shown). The

cotiRithd &fmind thdGiabLsIes Ianlﬁy BQ %Eéctegrduregﬂl y into.a gap &sucl% ; gap 72

Al'ternatively, 1ndividu
sl@ﬁ@en Eigof) mfunf@med betvggmihe swifade 46rand an ppmmglsurfme (amtfaces 80

T L T T Y R T—

offthmsnfacsuch as directly on one of the heat transfer

surf ces ?X%q#l Sﬁ%%fhgyfée%ﬁﬂagiﬁ@ﬁ?g”y of @g&g%fﬁ%ﬁ?of

F1g 4) is 111ustrated 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 fransfer 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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filler loading | evel, the selection of the thermal

grease, and/or the addition of solvents or other

di luents, to accomodate the equi pnent or process to
wf208Rh&yed for the 25 application involved., kaf, o 0 0087

dlspen3|ng applications, the conpound may chargea) A

i ndi vi dual tubes, cartridges, or containers and stored

for |ater application usinqﬂ for exanple, a hand-held

appl i cator gun or syringe, or, alternatively,

automated netering and di spensing equi pnent such as a
whiclb extterels aplrb kg tod cooMOFRE) Mé dORBIGH lﬁ%féﬂs&ﬂﬁ‘@zo lﬁﬂﬁﬁﬁtwely,

Ok.l now { o ss or "bl.ob,"
et S e Behet Tt oo i B otheR hagit et
exl@ha&xgslv écﬂd plakd, U8 héa‘ﬂh}ﬁdadéis’ sthl@ira bf Mn@?ﬁhﬂ@n@ﬂﬂ bBard, housmg,

pri med or_unpri ned surface

%Fé“ﬁ PISS}Pé’fl%lF meggberirtupipallySiflbg farmse Offdéﬁfaméfxla n@ ‘sugh as

alﬁtﬁﬂh & AN etaCAbidrifl sﬂ&lﬁas Sheh@bintor REOAA haﬁﬁé"%'h@& ogﬁefcit%( r&ltive
electronlc con?onent In 5 this regard, a

uppl
totthet eloprsmnament %ﬁ‘élbér%f@ﬂﬁ‘@t isdissipaing [{heumat @n@ey @haciugéeé or

otBSwite B0ETerP R thers¥&hem i nto a cartridge, tube, or other
contai ner, 48, connected in fluid conmunication,

whi c\Hﬁmn‘n@um rreferange d¢ Bpoln elsetraiien dopwenaent T ey be an
gl%wlawfogﬂ@mgﬁagpm&&s% RREALS: ?r;‘&g%rgquafégga sgﬁﬁoﬁa&kar%%me

essure manual using
anophmIpO 0B wthaxghf;at-genmgl obedenhlyasuchors a diceles relay, re31stor

h | d
T SETER  Shyte st BRGS0, Rl i
SOURS. u@ybmalkymcnqmleﬁt Ovilldavk andporating tedipef Ape rafye of\from about

L ss. 45 subst i all
SR e bE TR et L eaBR et bokrd 59, op¢ prpere pair
oftsldsd Bulis, Bids, BN Bine dnetpdl bof whichOk E&Ereﬁ@ﬂ&eaﬁl’?‘@@-bf %%ﬁew&ﬁl as
Wit h t he Iayer 20, the mass 45 advant ageous|

s ie SR BRSSP & DU i PO SR op b Loads

| 70t dil@mﬁﬁdliy iy &PPHP e&ﬂﬁonﬁﬁ’c 581b &P tokrd 59 BRIREAESS géﬂai/epp&ented at

handl ed for asse or otherwi se. Alternatrvely,
T250E gbout, 3rm§ls 6& mmﬁlgs% drerehetvesend Setementivelyr pempanghl 28 amﬁ be
ze&ﬁ%dQﬁe& @n the surface via a dam or other
barri er not shown). The conpound form ng the nmass 45
al s&@etayinperongnteiet His ond v, with pad 1¢gapFies aa'bma@dgfmm the

. ' i bet f 4
i BRI B Ao TP R BN B A6
to Bhe beat hraasfen/ slarfaa Sdpeinthe glissipeticr etibel 52. 30 ﬂnﬂ rEgagd, duyl as

af&gzr%gﬂt%ggd tp% qH%l yobe 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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of the surfaces. Turning next to Figs. 5 and 6, the
use of pad 10 of Figs. 1 and 2 (or the mass 45 of
Fig. 4) is illustrated in connection with the thernal

t assenbly referenced generally at [
vglag&gg%v\ﬁl ch includes a thermal dissipation Prr(’é?‘tr{?é@fmm%?
52, having a heat 25 transfer surface, 54, which is
di sposed i n conductive heatqtransfer adjacency with an
opposi ng heat transfer surface, 56, of a
heat - generating analog, digital, or other electronic
conpWithrihe aplied pad phrdisibatich memdesIXnal ©6 ppeiapédeshd shipped,

i .cui t ard (P or ot her _substrate 59, For )
with fidien B Gorep ipaeslet STE 210! AR Etoilh oo AP IREALed Wt o an
elecrofiit® Want fcth@r, asdt@dler, Sdr Blher Wt ChdWe¥r en Sifnp®y may remove the
) Ia%e-fin vari ety having a generally planar base
T 44 FooFRPOBTIL FYGHHE Wibob B9 20b BREPmHes FRRsstbHE B e Bhem thydiet

traMafef Bur@xt 888 eldctRinkty @hipb¥en®53 600! a8, fl]i‘: a cﬁﬁ,%la{ﬂ{p, SCIEW, Or
which is referenced at 62. Alternatively, thermnal
othrreapthet means of gplemabpressiy (Bel shrwo) @edisnese theiissippiion wember

520 RRm BB acel K it Lo RN ER BRYE fs sh&g% ﬂ;}”ﬁ%aé e, or heat

spreader Sstructure, or even a print cuit board,
housWih contgpingrrgéadnge taFigsé,prithin assmbhed 1, Pad (19 pravades p low

iuﬁfe!iénc? @onﬂEt%q)aﬁ{wa?' f&etpg%f"eg%k ﬁ%ﬂt @orr? #)%.Fhoﬁgnt%%i to dissipation
um na, Oor anetalr material sucn as al um num or
menppde. Bavh pagthwahmay be epploytd/withdudbr irecorfimctibratvitio tonvective

. nt. 5 Q be effective is dissipating thermal .
=i ARA T it B SosPEoF ieSebl A pB istihe SAPHT tprating
teMpérhumoihtienflisngaineined 8elow sbecifredlimbs. @Allichghomenal dissipation

mgﬁaolﬁ@ gg st%n) %lg)?%otp’ etaiJ sgpéri?tg lhlga:t1 Tsx%g:lg%]e d é%t%%ﬁé‘ﬂ? it?elf may be used for

susle FHOKAbE hlﬂéméiﬁi\éi}ﬁﬁtelpolﬁF ad ANy Rhif th® AL 72 between an upper .
such as a diode, rel ay

heat - gener at | ng _subassenb ) , )
suplges, Sopf the Bﬂ@fio‘-*rf’n%lﬁfef’%ﬂﬁ AR Qpposieg gurfacs, S2aph et dectronic
coffponédk 6@ nat i vel y, anot her heat-generating source.

Typi cal ly, conponent 58 will have an operating

t endey eaptiensdantie Brmiglyreondistive @oappooE. of-deyer Y may be
fofnfgkd k& @L: .fﬁfﬁ'i‘-gt‘fiﬁlte' al? Eloﬂlfu% Q?(F{H qgﬁﬁgératﬁﬁe, tlg, %88\51:0'2558; in® B st
or nore pair of solder balls, ads, “or “pIns, one
phpss of BE fukiblermetsl el mestdeadlontcorSimdnts, avlacipisoslideskrdssolid,

B T N -

connection wt oF:|
thereof, whiph e¢dond phaze nexythe 58iqaidpseeikligaid) obStherevistafisches @nulsion,

a epresented at. 72 0 bout 3 m.L.s.(75 m.crons)..
oopR REREIRAAR plfen 42 Ec s ooty s Badsision
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

) wc_omponent 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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received directly on board 59. Returning nonmentarily
to Figs. 2 and 4, with pad 10 of Fig. 2 renoved from
the 20 liner 42 to expose the surface 14 of |ayer 20,
W) ybe bonded or otherw se attached
tragﬁgggﬁsurface 54 of the dissipation nenb$eT@§£mPﬁﬂ&n
this regard, and as aforenentioned, pad 10 nay be die
or kiss-cut or otherw se siged froma | ar ger sheet or
froma roll or other length of tape stock. Typically,
the margins of the applied pad 10 wll be sized
A@'trmtagenuslyhhjﬂ virtve odtleansefof tlteethsmﬂaﬂ areaschebnipon@itefelatively thin

etovVn h the pad.is lied to agc date
aFEEE bt 3" i Db Ry, s SRR HoreaRener R termal
u@aahma Iﬁi}ebe ¢ffcelnesnd Rtheaiurd 867 RABES rdiB8 oW Fiven applied
% te Bf sure in t@P conf ornmabl e ggase of the
prp E’i? 05 ARy e @ PRAFYY %’ou‘i}r@sl&% ¥y be di spensed
ont owith @efiehiRsk: astht fae BRSES atAi)’ SWF@%I@ rige8 hehting and
connecti on wi.th Fug WO 2004/ 102660
thpgespiips phasecrbangs ot the dispemed femaph B4 dfo Y quuformable second

phdics Sivhh | 'pﬁﬁhe P an ERYIRE \ﬁﬁ{:{h@gﬁéimﬁf‘ ﬂ%'cﬁﬂfﬁgnent of the
with the liner 44 covering the other surface 12 of th

myfEY Phase 32s am Avanrthiigeray!BE Tunew referensed a iz betmsen ths sm'faces 54
anl{%8 Hchileved S%W%'cﬁ{efs f rma?/%}%dﬂé@c? rSllchT& H&Ghe *z&‘ﬁﬂlumg
si np may renove I Aer ose t e surface
applcagipn phipe 2i20 applizdickicoal pisssuexphisk mas e dercsbopta from 4 bygring
eat fer 5 f electro L4480 nent 58
chg % th? ]'h{ % %B%ﬁs%/ﬂ é@%I | p'go%l aés com%aé? thgrt cg{l‘?? r
comngpohding rmemaseoifn the t sarfiacd amae«srspacb 10n®mc]s hbmﬁ)y tmy flow to

i,.Spose S| nber 2 in thernma
sufii R85 6\ Pt B Bhambdesiing AR 54 pad,56,gmd o
cofédpondiapllyidectemngd trfred @np&lahee. Fi g. 6, within assenbly

51, pad 10 provides a | ow inpedance conductive

pat hway for the transfer_ of_ heat from conponent 58 to

di ssiipdtemales 1o foliowy siensin albperrentagen wad, PioRgrtiges are by weight

un®iEP bﬂﬁéﬁﬁs%ﬁﬁi@s‘éty i‘ﬁﬁlcﬁtE’d C&@hﬂﬁ&&ﬁ&%f% gr&ﬁaﬁg oF 'tlYeeleal{tmn
ci.rcul ati on fecting the cooling conponent

hegginlingplyed. M@Shloﬁla‘tnot brecoppiEea i PRy llltnélna suse-ure t her eof
I's mai ntained bel ow specified limts. Al though thermal
di ssipation nenber 52 is shown to be a separate heat
sink nmenber, board 59 itself may be used for such
purpose by alternati VelyAiM BrlodsSng pad 10 within the
gap 72 between an upper—tb-surfacer 80, of the board

59 thereof and an opposing surface, 82, of the
el ectronic 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- _

~em-°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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conponent 58. As nentioned, the thermally-conductive
conpound of layer 20 may be fornulated to be
formstable at normal roomtenperature, i.e., about
wPSosiddsqd first phase of the fusible netal P%Q'%s‘?tfﬂu 10087

metal alloy constituents, which is solid, sem-soli 3

20 gl assy, or crystalline, but to be substantially

conformable in service in asecond phase thereof,

whi ch second phase may be a liquid, sem-Iliquid, or

ot herw se vi scous enul sion, between the heat transfer
(“EMA A cesl ButhimBxathle Movas & pet¥f bismtithy22.6%deah 8386 tin, 19.1%

sl E3At 1 37 b FIRTRAG B RIS A Il B4, LAY aving

a gemameglatticls sizd af Aeneol04-a0fmaild (1Wioohiya)t Ehie pRéyavangeported as

tenperature of electronic C 0 5 25 Turing now
havied a@.apl?zﬂ?mg%e HQCQP&‘&HV@Y 8%%1‘1{%/ Ip%gi on referenced
at  MniplesFofytheSthédnal Shawdaliey dah@tire bhee FBHPHAIIOYT loading

el onf e 1B g bR o5 ety e DUyl BFigraegPC 3407

‘thbaal ighdise thieplpodl iofeohPhMRRAN thRad 8Bderell Alpdh Shixing that the

.surfaces 54 and 56 defines a first MBLT, referenced at
viggositypy i thempalogease g s beleved iq bebpttigen: shout 23,@00-3000
opOf20t30erd-Be WR! suERIBAP W 1A Bl 18 Ahe LBGaB' §568talloy, and ¢
.pio_(nvgenti S WO 2004/ 102660 PC_T%526047 59548 A8 atloy, and to
maigiaEhe pewdss ysuspapsion pfigrdleskdinghe use of the ther mal
greagg rglead | leNdetdr DG , f

abo Slfh 1tﬁ%{£%) E}gﬂédﬁ% &8 rO?Itgés g%&&é\lﬁsd g%fec%e} resp (h) ﬁlﬁ‘?ﬁ(}i % ﬁao‘\l/&vSTM
Di48rvraler ap rppelieth pessunmpf 198 i f(3¢0 &Ba)asndr omminimum bondline

nder (el ativ w_given.a i_ed .

RS LAY PG M RouPL I @6 L BF Sy RBLeS feportea n
TdbRal) bdowl ess. 5 Wth reference next to the depiction

at 90 shown in Fig. 713 heati ng and the

resul tant phase change ofmﬁgﬁdi spersed domai ns 34

into their conformabl e second phhsesl Imdedadcephases

may form aamgisesivdy) W th the thegdfivw goegstvconponent

of the mafrTx phase 32, an even thinner NELCT, now
referenced at 42, between the surf@e®s 54 9%nd 56 nay

be achi eved. 'g1e t hi ckness t2 may ‘g(ﬁ#edug}e‘& such as
under the continuing 10 applicatio t he™ gl ven

appl i ed exterpal pressure which de ped from

a spring cl i@aor the like, by ag%?*bgo-S °o5gr nore as
conpared to tfae thickness tj, wthygg corrgespondi ng
increase in the surface area of pad 10 which thereby

may flow to 20 0.008 0.20

The data of Table 1 show that that a thermal grease-LMA compound formulated
according to fhe present invention exhibits imuproved thermal performance over the
unfilled grease.
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substantially fill the margins of the bondline gap

bet ween the surfaces 54 and 56, and a correspondi ngly
decreased thernal inpedance. 15 The Exanples to
w@bdoPYhaspherein all percentages and proport Ws@&o@mﬁ%m
wei ght unl ess otherw se expressly indicate
illustrative of the practicing of the invention

herein invol ved, but shoul dyynot be construed in any
limting sense. 20 EXAMPLES EXAMPLE 1 In
representatives fornul ati ons of the

thermal | y- conducti ve cQﬂﬁg@ﬂg;__ the 25 present

IAg\'I/'ﬁ#lqu? ! ef g ’HTBQB %99, Lﬁgﬂ‘ltﬁ g](%f‘gﬁfsggﬁg{)ngllumted as

deeml:d:é i chamxécm&l Imthoﬂmﬁplb bmdﬁ:&ﬂh&f I&Eéra@ér%&ebf Bbeasuring

H, Do ?
%6’.9% &y avﬁi%?wmo Skt 79 tCy B @doatéﬂfl@f@lfaﬁp% burn-in at
65@0‘f The medfilterchls Wrk guﬁm@ﬁ & SR&Ghide thp Eﬁ%ﬂ%%ﬁ%rﬁoﬁed

eutectics having a nelting point o
indagrgrassTTRYL. b Stheeenlinir thedsatdoo B#@Wgrease ARIPC2Be 230 plotted in

pr s 94t 8. 6- 19 di d 4.8:5. 8%
Fl%.gggS '?QSO 81“h§ rasli! slhnw a;liv\?p%elc {:;]gy{ %eg%tgz& /afoaz%lg@txon of

The "spéci e 10

telﬁﬁ?ﬂﬁﬂﬂmﬂﬁtﬂiﬂ]m&ﬂledzémﬂehz%ué thuaeaﬂ gtddasd hi s Exanple 1

was a 44.7% bi snuth, 22.6%lead, 8 3%tin, 19.1%

i ndium and 5. 3% cadm um powder (Al MW7TM Al M

MontAseidlis akdieglaed, thitadeagia) chaddts eay Be AMES A theNRbdche Ifentio

i ze of about 0.04-40 m|s (1-1000 gm.  This pl'w%oy was .

Wil deesigs oma ienaresepti bersialBAlve oo inmitcadtitial ol myer
coBfaindf Gl tthe? Bord¥oMgkdeseriptoB e b8 fints % t&f‘%' Hﬁ:lstra e and not in a

grease-al | oy adn1xture were conp Jr ng
liniging pagiseyf Al refegenceginchding ety anqudom@ensa qn‘@sl hf:nem agg expressly
indMrbRaibdEy R¥bkRyel being neat DC 340TH thermal grease

for purposes of conparison. It was observed upon

m xing that the viscosity of the thermal grease,

whi ch was believed to be between about 20, 000-30, 000

cp (20-30 Pa-s), was sufficient to blend easily wth

the powder of the alloy, and to 10 maintain the

powder in suspension after bl ending.



The thermal inpedances of the sanples were detern ned
according to ASTM D5470 under an applied pressure of
50 psi (300 kPa) and at a m ni mum bondline thickness
(MBLT) of less than about 1 m| (25 m). The results
obtained are reported in Table 1 below 15 TABLE I
Thermal | npedance Sanple (% LMA) 1CGin2/W'Ccm 2/ W
0 0.36 9.0 5 0.019 0.48 20,510 0.010 0.25 15 0.010
0.25 20 0.008 0.20 The data of Table | show that that
a thermal grease-LMA conpound formul ated 25 according
to the present i nvent i on<&AMEi ¢ s i nproved t her mal
Vot fselaimetiéce® over the wunfilled grease. WO 2004/ 102660

PCT/ 008 22 EXANMP

et 1 bR OR o B o b ForZprnifie A LS e B high i gnformable

Uﬁ@ﬁﬁmﬁﬁm@mma@mﬁdggﬁmcb@ﬁmnppsm@n@nmdhuummﬁﬂmﬁE&uﬂﬂﬁMﬁMc

wggng [oda =T H=Yo} e ance as a
fu nctllll%%agy;thpr ess uIrl leiéact%ﬁjg%}%)i Jé@ Mgr?ggdrfl&%(? follow ng

a bu@ | na§FW§°@EEMG¥H@dneasurenents wer e obtained in

accawdang ﬁrs%&ﬁbr&%@&ﬁﬂlp%ﬂgrg forfiMl fﬁ'gtﬁlsgxleﬁtcfoﬁlgms bAthif @ mafrix

as "T8§% The esu for he neat DC 340Tm grease at
coRongtethe fonpol) et as " T850." The result
showha firsapistreei da:hiaﬁls dfeomnh@tablme dEmBe rédtn ﬁ:ni‘plakfaﬁu}d R Bfst

TR Syl o 5 T bl S5, Gt S el

pRaEg, be made in the present |nvent|on wi t hout

depapd isRg fidepm H il ﬁ&%pé I neﬁ.b&xta{ Vave bbb room

intended that all nmatter oregoi ng
t@@§%¥¥$ﬁ@%ﬁw§M%mmw%@ﬂmﬁﬂ@mhﬁ@$Ed as |IIustrat|ve and

Not  thdmdrix component is a thermal grease, and

the layer has a thickness (t,) of about 5 mils (125 um) or less at about room
temperature under a given applied pressure.

2. The compound of claim 1 wherein the first 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 first dispersed component 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 combmauon thereof,



l[imting sense. Al references including any priority
docunents cited herein are expressly incorporated by
reference. 15 23 CLAIMS What is clainmed is: 1. A

t hermal | y- conducti ve conmpound for formng a |ayer
which is conformable between a first heat transfer
surface and an opposi ng second heat transfer surface
to provide a thermal pathway therebetween, the
conmpound conprising an adm xturz@ of (a) a matrix
conmponent; and (b) a first dispersed conponent form ng

flrst di screte do trix conponent )
the Compa T GUBRI Y ST HE Ehiohhe HomRiR rans g fpgplure i
hdtveen doat 4080%i.ns are form stable at normal room
tenperature in a first - phase and conformabl e bet ween
the first and second heat transfer surface in a second

phasé: t fbe ompopndipisdainatoewhpssim the Jiri gispersedtcpapesientj comprises

dn€ BIRGra fidibR nfY EheRO MR fusiRAMR tal L BSYR.Q AtdtitEnatisOierbdre
first phase to the second phase, the matrix conmponent

is a thermal grease, and the |ayer has a thickness

(ti) Sof Abotpmpeundiof glaipnBhesiy: or | ess at about room

t eNPERAHMF Reat BERTerdudactSl 1RRRE bEY RACSIWatne gcnnc-ghﬁvmg an
ogﬁ ound of claim 1l wherein the first dlsperse

EPRerLBpIIpgeabeve ngppel momigpperstygiasi e netal s, one

or rrmmeedofmm bérsmﬁﬁit@ipeﬂlnir@ié&mﬂﬁﬁ th @%Q@ﬁm&&m range the
heEgereof The conpound of claim 2 wherein the one or

?agggf(mnetals or alloys conprises one or nore
of blsnuth tin, lead, cadm um and indium 4. The

conpa@un dtﬂfe c@inﬁdnmd 2f E‘iﬁlﬁ{ ?t:vﬁer{nﬁ %e@rft%ﬁsc&%%ﬁ%ﬁ? Gy the second
onent co. a eutectic alloy, by weight
Pﬁ??g?"é‘&fan egpls g@&’&’? %ﬁﬁlag%%’?lg‘?ﬂﬁ‘t‘ %, 16.5%tin, and 50%

indium 5. The conpound of claim2 wherein the

CoMpauNd TMUBbAG of Blind Olvilreit Rl ddA P liscdd HPEoen
E‘?qt g@%()% 3%8 0%0 cp (10 oooﬁqfs)or more fusible neta nopaf

11. The compound of claim 1 wherein:

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 first discrete 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.



or conbination thereof. 24 6. The conpound of claim?2
wherein the donain transition tenperature is between
about 40-80C. 7. The conpound of claim6 wherein the
first dispersed conponent conprises one or nore
fusible netals, one or nore fusible netal alloys, or a
conbi nation thereof 8. The conpound of claim2

wherein: the first heat trans{er surface is | ocated on
a heat-generating source haV|ng an operating
tenperature range above normal roomtenperature; and

t he demai 'rhetcbmp@ma 00 Blain® NP h@EiM R dpSraithd nPerktid@ of the heat-

eratin erature rapge the heat-generating
g?@ 3 éﬁ? E%ﬁﬁWGW %{% claim1 wherein the first

di screte domains in the second phase form an emnul sion

wi thshe mtcefngsm&le PORSD} whdfln Jg]ﬁs§£ﬁ%?egdb?aav\/gné nl%/@% e

wherejin the enul sion a viscosity o
ai%ﬂ&?@@@@@@%@@%@ﬂ@%%m@s@@ﬂéwm11 The conpound of
claiml wherein: the first heat transfer surface is

! Ocatlgd the%oﬂlgag}dgﬁ%ﬁﬁrﬁnll Wik WeCthe h%i” rea%e mprises one or

operating tenpérature range a ove norha
MoEk ik sleptied fromyibe gep @qna!ﬁtsna dfopineralnyler latdmcebmf oifsheynthetic
oftd, busd silftbRcdil la8d SRBMaRShsigRrdE t i n the operating
tenperature range the heat-generating source. 12. The
compound of claim 11 wherein: the heat-generating

sour ¢ i sStharcompamtirof wiagm dowlein e, thesnll tidgse SOMPNEs bRALT
mordsbalgigurface is located on a thermal dissipation
menber. 13. The conpound of claim 12 wherein the
thermal dissipation nmenber is a heat sink or a

circug.t bdarcdmp@md df4laint Newkvep dhenitlerafal GleaderBohprises one or
ngg&%hgm$gﬁm9@§ratlng tenperature of ‘the heat-

generating source is between about 40-80C.

19.  The compound of claim 16 wherein the compound further comprises a
second dispersed component forming second discrete domains within the matrix
component, the second dispersed component being a thermally-conductive particulate
filler.

20. The compound of claim 19 whercin the first dispersed component
comprises one or more fusible metals, one or more fusible metal alloys, or a combination
thereof.

2]. 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 comprlses between
“about 20-80% by weight of the filler.



15. The compound of claim1l wherein the first discrete
domai ns have a nean average size (d) of between about
0.4-3 mils (10-75 pm. 16. The conpound of claim1l
wherein the thermal grease conprises one or nore oils
selected fromthe group consisting of mneral oils,
hydr ocarbon oils, synthetic oils, and silicone oils,
and conbi nations thereof. 17. The conpound of claim!l
wherein the thermal grease co#prises one or nore
silicone oils. 18. The conpound of claim1l wherein the
“thernmal grease conprises one or nore organosil oxane

oi | 52319, Thetrempeing ol laimot® whestimihe dilloHas e partititsize of between
2B OWNGmiIE 33180 yePri ses a  second di spersed
conmponent form ng second discrete donmains within the
matri x conponent, the second di spersed conponent

bei ng4a tHer wainpgundo e udbiny el oariteran | tt efilléri hkera tRémal
oG RBLY st Aboufr Pl K9 Wherein the first dispersed
conmponéent conprises one or nore fusible netals, one

or nore fusible netal alloys, or a conbination

t her @6f . k. compeurdafphim d9 &fhedathehkBnaMpedaed KhstaR@scosity of

fl [ t f I Sti f t al
vl dp - By (P00 PERdl 8 s BE bR Do e

particles, graphite particles, nmetal particles, and
conbiReat i THeScoktpRuRDSE clddn 1 WiRr&iR MROUAG HAf a Gh@hnd] hihedance

' erein the the l,~ar ease conprises between about
°§G¥§%W§H§“§é?EH&H§fC% iller. 26 23. The conpound

of claim19 wherein the filler has a particle size of

bet ween EHROUdmidukkl-cFOcifid 1( QréRm2 Bl Q&%ougél- ha$N§ thermal

compound.of claim 19 wherein the filler has a therm
E{’Pfﬂtleﬁﬁa'?"“ra‘5%é‘ag about 20 Wm K. 25. The
~conpound of claim 19 wherein the thernal grease has a

Vi scogi t yrief conBRlNESP BRQUE 1 %@g&&omﬁo&cﬁegs W 640 Wer

Pa-s) at about roomtenperature.
decreases by at least about 20% (t;) under the given applied pressure within the

operating temperature range of the heat-generating source.

29.  The compound of claim 1 wherein the compound is substantially self-
adherent to one or both 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 thercbetween, 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:



26. The conpound of claim1 wherein the |layer has a
thermal inpedance of |less than about 1 Gin2/W(6
Ccn2/W. 27. The conmpound of claim 1l wherein the
conmpound has a thermal conductivity of at |east about
0.5 WmK. 28. The conmpound of claim 11 wherein the
thickness (ti) of the layer decreases by at | east
about 20% (t2) under the given applied pressure within
the operating tenperature range of the

heat - Binerati ng source. 29. The conpound of claim1l
wher el t REEBHIBRMES ads ybst anti al |y sel f- adher ent
to ong)or abfshdigferdedd @ofmpéieht AmElink MRstSACAR dh8Ahs within the

transfer su&lf ace, 3(?5 . A thernal nanagenent assenbly
ROy the SompRopRq bapggharpitatizedinthats | f ace; a second
heat theding fdécreutoframe acppoasktige senoimbli thsh igREature in a first
: rmally-conductive interface
r B3 SR ARt e SRy s ERRIL S G B 2
heat the dngif discrete) dbmaoies havepz dmpsii®natemperature above normal room

tREaRld MnfROSNGhhY % tgggegyiﬁ?éah}fsﬁer ebet ween, the

inferface conprising a ther y-conducti ve conpound

f or mete PRI compoRss alisrad ease, a88nf or mabl e bet ween t he
firstthangesksantickesd () dnsbars sus {126 Gum)t di9eE URBHH doom
£ONpr Si n&raa.neadr% ture of: 27 (a) a matrix
component, . afd (B APIFYET di spersed conponent for ni ng
first discrete domains within the matrix conponent,

the canmpound Reintly Graflamt 80 ivaRebid Mhd Bak ‘didpRRed icbRbonent
room

discrete dommi ps.,are form st abl nor.mal o
DRSS ST P D TS, O, SOTS Ao AIRG R & hesrhiation
themof.f i rst and second heat transfer surface in a second
phase, the first discrete domains have a transition

t enpet.at ure above na | room tenpperature fromthe
fir stgzgha etaffe’fnﬁ]é’ %ffe%%wdglpw erein the,ene oy pse RS apRals or
aloya corhyeisesine gre@s ef bisanch, tit) dead, @ydginihasd mdiuhy. ckness (ti)

of about 5 mls (125 m) or |ess at about room

~ tenperature under a given applied pressure.
_ P §3. T%e assembly 09 claim 3 F\);Vhe:rein FtJhe first dispersed component

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

34.  The assembly of claim 31 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,

35.  The éssembly of claim 31 wherein the domain transition temperature is
between about 40-80°C. '



31. The assenbly of claim30 wherein the first

di spersed conponent conprises one or nore fusible
netals, one or nore fusible nmetal alloys, or a

conbi nation thereof. 32. The assenbly of claim 31
wherein the one or nore fusible nmetals or alloys
conprises one or nore of bisnmuth, tin, |ead, cadm um
and indium 33. The assenbly of claim31 wherein the
first dispersed conponent co¥prises a eutectic all oy,
by wei ght thereof, of about 32.5% bisnmuth, 16.5%tin,

and 0% 4.ndi um , 34. . The enbly of claim31l wherein
the & g'rrp othned aScSSW'B& i 86 Pa“B 335 f 6"@7&/ %G %fSt 1$RsFSEh feomponent
doaipyigse aneadroudre Sasidmethls tdne oomeredusibi®metal albivhloea b&htshdion
fAedretal alloys or conbination thereof. 35. The
assenbly of claim31 wherein the domain transition
tenperature is between about 40-80C. 28 36. The

assendl y Te assemblynoB&aid Barvticreit he first di spersed

conmponent. coppri ses qQne .or nore fysible netals, aqne or
mor & U ORE! R Suiteks, s locgied gn adi seemtng sqbreBue an
@Fatinphienseeeiahge abbvealoanalr®in tehprirgand he first heat
trangfe s | ted on.a_ heat-generatin

our dlsJonBll (RSR0h Rol RS Pl b SRt il puse e
heefrasegratinggpiir¢eenper at ure; and the domain transition
tenperature is within the operating tenperature range

the heat-generating source. 38. The assenbly of claim
30 whr eitherprembiyrofclatth §¢ mhereindlonfirstiliscrate ddndirsen dredecond

23 $2mfaQ bithidBn SAM IS nRRMbhBodhe matri x conponent. 39.
p!?'he assenbl y %f cl aim 38 mﬁ%rein the emul sion has a

vi scosity of between about 10, 000- 300, 000 cp (10-300
Pa- Sk, 40}“heT£k§eIﬁ\§1$ mléimO?S %}h@%e([jﬂ 32 é@ﬂﬁéi&'tl Mhal Qeviﬁéoéiﬁf of
a hea g

heat ransfer surtace i1 s |ocated on -generati

bgla/ﬁf, 0%&9@%3(%%)00 cp (10-300 Pa-s).

40.  The assembly of claim 30 wherein

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 first discrete domains is within the operating

temperature range the heat-generating source.

41.The assembly of ¢laim 40 wherein:
the heat-generating source is an electronic component; and

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

42.  The assembly of claim 41 wherein the thermal dissipation member is a heat
sink or a circuit board.

43.  The assembly of claim 41 wherein the operating temperature of the heat-

generating source is between about 40-80°C.



operating tenperature range above normal room
tenperature; and the transition tenperature of the
‘first discrete domains is within the operating
tenperature.range the heat-generating source. 41.The
assenbly of claim40 wherein: the heat-generating
source is an el ectronic conponent; and the second heat
transfer surface is |located of, a thermal dissipation
menber. 42. The assenbly of aim 41 wherein the
thermal dissipation nenber is a heat sink or a
ci rcuyit bbler ahsendBy of hbuias¥ewldryinafie filsaidivedle MBI thave a
' ) generating
o AR 8 Ao LEREL B e it 1B 3358}, OT0C assemol y
of claim30 wherein the first discrete domains have a
mean 44y er HAgeassdnahty 6013lainf 30 ehweia nhfam@u{al @reése%ofﬂphﬁas one or

' nbl
ré(%rg oZI% @eﬁteeésfrogntﬁe %%guz)sc 5%38% of r%lpgragovih @y&r(@:&{béaa oils,

wm@mmDﬁ%m@mdeMﬂdmsmiumﬁgmmﬁmﬂmnaﬁaI oil' s, hydrocarbon
oils, synthetic oils, and silicone oils, and

conbi pat i.qns_t her eo 46, The assenbly of cl ai m_ 30
wher éhg nt g&’hﬁ?g G e W e3P thes bermish gregse copppFiges one or

lnmésﬂmmmanbjls 47. The assenbly of claim 30 wherein
the thermal grease conprises one or nore

orga siloxane oils, 48. The assenbly of claim45
wher | n e BNl I0nehereip thsr thermgl greassecemises one or

nihrs@gmsgdxmespnnent form ng second di screte domai ns
within the matrix conponent, the second di spersed

conmponent being a thernal | y-conductive particul ate
fill &f. Ae ayseabls sbelpiny 4dfwheicin the48mphendefuntherhenfprissta

sébofid Qﬁs%@tgecp QHRAGHRAY for&ﬁfépgéc&ﬁis dﬁ{:}@tao orﬁ%(se WfltH.l§1| Ble®matrix

netals, one or_ nore fusible neta S,
cagReIeRk theteconddisrssted comporeng b@ggemrmaﬁf coidttive pBticulate
finberein the filler is selected fromthe group

49. The assembly of claim 48 wherein the first dispersed component
comprises one or more fusible metals, one or more fusible metal alloys, or a combination
thereof.

50. The assembly of claim 48 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,

51.  The assembly of claim 48 wherein the thermal grease comprises
between about 20-80% by weight of the filler.

52.  The assembly of claim 48 wherem the ﬁiler has a part1cle 51ze of
' "between aboutOOl -10 mil (0.25-250 pm).



consi sting of nmetal or non-netal oxides, nitrides,
carbi des, or diboride particles, graphite particles,
netal particles, and conbinations thereof. 51. The
assenbly of claim48 wherein the thermal grease
conprises between about 20-80% by wei ght of the
filler. 52. The assenbly of claim48 wherein the
filler has a particle size of between about 0.01-10
ml (0.25-250 pm). 30 53. The assenbly of claim 48
wherein the filler has a tRB€rmal conductivity of at

| east about 20 Wm K. 54. The assenbly of claim48
wherein the thermal grease has a viscosity of between
about 10, 000- 300, 000 cp (10-300 Pa-s) at about room

t errpéBat ufle &Eemﬂ"ﬂ?e ofSSERDI4 ShediRi the SRNWN ARSI N thdithal

dance of |ess than about 1
¥ﬁ%/WV’@: gﬂ@?@?“ﬂ . The assenbly of claim30
wher ei n the conpound has a thernal conductivity of at

| eastsyaboy,e {9‘1“1 lﬁ% Uk 5&1{1? wﬂ%ls?ﬁﬁes @Q;Qﬂay U G2, rtrf}sg'os% of

wherein the ess ayer “decreases
bgiweprpabgut 1998880Qhcp( 123;309 Rea) at abpait gmemnmm ed
pressure mnthln the operating tenperature range of

t he neratln source. 58. The assenbly of claim

‘r e| ‘t frae belng F0swhsress therlpyes sy thefmal mpedance of

Isethin aboilie@ reat’/W 6 ‘org’er). both of the first and the
second heat transfer surface.

56.  The assembly of claim 30 wherein the compound has a thermal
conductivity of at least about 0.5 W/m-K.

57. The assembly of claim 40 wherein the thickness (t;) of the layer decreases
by at least about 20% () under the given applied pressure within the operating

temperature range of the heat-generating source.

58.  The assembly of claim 30 wherein the compound is substantially

-self~adherent to one or both of the first and the second heat transfer surface.



