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WD 20071019125 PCT/ US2006/ 029840 THERVALLY CONDUCTI VE
GREASE Cross Reference to Rel ated Application This
application is a continuation-in-part of U S

Application No. 11/195,953, filed 5 August 3, 2005,

t he di sclosure of which is incorporated by reference in
WQ208HII91Et y herein.  BACKGROUND The i nvent i oRCTUPZH0Q29840
to thermal interface materials and their use. In the
conputer industry, there is a continual novenent to

hi gher conput i n§H3ERMALLY GARI, RS0
are being nade with smaller and snmaller feature sizes
to increase cal cul ati on speeds. Consequently, power
flux is increasedrasnBefepenee beRelaied Applivation ed per unit

Ap

area Qf, the. m cr.oprocessor.. As .t at ,.out
i or ofs et i R LS ERAR nihan o S Atlipefiah No. /155853, i
ARG S 05, thd iREloRSe SONECION ifcofitMit ERPRferéMe iRRPatiretptherein,
t hermal managenent is known in‘the industry as a
"thermal interface 15 material” or "TIM whereby such
ﬁA@é(ﬁ(d)@Nﬂs pl aced between a heat source, such as a

or, and a heat dissipation device to
f aci | Thesineertiop related totthamsl ipterfacuniterfdlvind theiyusze i n t he

f f heet - | i terial, .Th .
t her s seiies dnfied fore e confi Sl B tert tp Hieha Eompwinee
PéWWerlafid bpcal] NEcroprocddSdraR befnd tnadk Wit RFRIGSHA smANét bRk sizes

di ssi pation device. 20 TIMs typically are used to i
teraerngse coloelationetpeeds. Kensequently croves flux krdaereaspd andimpre heat is

ety e B LERRL IferGRBONRI: S o b 3 tne B pfclFpre
insreasek Nieainary ‘tteraal temagamintliedorhed merenf a chdkhgs pr eader

and !'a thernmual. .di s§i pation deyice such.as a coqljng,.

dovi (Bt PECtOF P adpe-greAl S ROV PR ndleisticn gl interface
BaRribe e FTRA? Wherdy shchvh Witerid] VpIZ0BY bdiRedd Fxaiiontdd, {38 as a

or both locatiaons in a particular 25 installation.

WITRIRPSESSaTpng cheat divsinakierhde vierie fachjaie thedwatsransher eluch TIMs

587 BET i FATY U il B0 Waleriaf TR B8 Fnl a8 Bteis
250 ave iuggtl to 3impretecanytinsoiatiag air betsemthe nicropecasaotand gt at
lLeast. about 50 wei ght percent of thermally conductive
HiSHPatOP d&VICer e t her mal |y conductive particles comprise

a m XtRM$Lrypicall ark asstto tHeRh@E ddiusdct 4 Bkt kARG 10fa Heheyprealitrythat
conductive particles, each of the at |east three

th s thesmpally;conductive plasedgesthanghoheapeonressiroukicly oasg Aty apg referred
y ; g i . )
LR TRAOAE L 5 B B R, it
diissipati_ob ldbviomslcbym_s at:odlia_gﬁeviae cﬁrai_cﬂrmcd béat Sink limwhjwhmm!rsuch TIMs
%ﬁg&%@% ggtas Tmellsl mtnlla?r%e %ge%%tqr?gneaor o¥hq89ati%];15 lrlrla akfaa?gc@ar

installation.

SUMMARY

In one embodiment, the invention provides a thermally conductive grease that
comprises 0 to about 49.5 weight percent of carrier oil, about 0.5 to about 25 weight
percent of at least one dispersant, and at least about 50 weight percent of thermally
conductive particles. The thermally conductive particles comprise a mixture of at least
three distributions of thermally conductive particles, each of the at least three distributions
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conductive grease of the invention that conprises the
steps of providing carrier oil, 5 dispersant, and
thermal |y conductive particles, and then m xing the
carrier oil (if present), dispersant, and thermally

tive particles together. In one aspect,
@gﬁa#@{lbl&?l (if present) and dispersant are n“éﬂﬁszoosmwam
together, and the thermally conductive particles are
i xed sequentjally, finest to | argest average partjcle
gty e piciss WEYIRE & eheens Somb BIECROE WAED difers from
R06BELisABRSH: by bRad BeAKRlky, conduct i ve 10 particles
d

are m xed together, and then m xed into the carrier oil

(i f pPnenesher)emhodinging eerigeantion proxides e methodafiokiag & thermally

ord4 on. or. al h Y

SRR ot v EloR ey Henblis IO SRR Ao BERE SR B,
dikpersagt, w@éﬂ?ﬁllwbhwcﬁw@uﬁﬂésgmmﬁ iniXigSthe birciet &F(if present),

arrier o if present) an i spersant mxture. In

RoTSaRt B@F%rﬁ’?‘}i‘{cﬂ l?al‘?\‘ﬁi‘??tt%ﬁﬁh"frr ovi des a
m cr agl [ : i S t
g LR OREbipdL G BARKAAILF ol RlTRN Siofifldlt S ARKEALEoth and the
thersdly speductivenphriaclesree minet pequentinllyt finest igrlargest aviragel ragtide
.n.thi.s applicati.anh on the at | east, one ,
St B PR ko et Mt 1 ke Bpegt, thethgmally conductive
paititdr OM A GRS, 2hll thel BV ifloGhOSINRGLOIIQTH p@eseac}i kD@ spersant
further conprising a heat spreader and thernal ar%/
BERueC iR Pt aspset dpavipn sbdl vithe Hiezmallynondustive partigles are pre-

. - r‘

BEIoHRE Vi Wi RBRTIRF 1 iy (el R0 bitfol Ao the
qarmiar o8 (¥ prasent) andotispersge moistvps.i sing a  substrate, at
| east,_one, m cr.oel ectroni c _heat source.att.ached to the
s Ubs P Ainetierhodyment, thelnveanon pro¥ides § mictoclEcienic patkaed
denpriging atstibtiafgattleast it hiefklebRIRABRE oMM difathed to the substrate,
t her mal | ﬁbﬁconduct ive %;ease discl osed in this

931 themelly gondycie arrass displased du thisapplicaion o the &t frastidat
ﬁﬁr&i%ﬁbﬂ@héﬁ@oﬁ@ /ice. I'n another aspect, the invention
provi des a m croel ectronic package conprising a
substlnaneaspact, the inventinnepronidesdhe ahove oidroelemstonicgackage further

attached ,t he.subst.rat a heat spre - I
e o shiFi 8 sty BB BB FR i B s appicaton
ippdencind miviodietrofie hedtRourcdareltheh@cipreqiee heat source

and the heat spreader and a heat dissipatjon device

wher &R AneSBerasRach g HVIbAR BOVidsee giaadertioaicperkage fOppdsing

dupatats B 82H6he oetl&@rogﬁg abatdbined RebhdNo W VdubSrate, 2 e O
2007/ 019125 PCI/ US2006/ 029840 DETAI LED DESCRI PTT ON As

speaderhandai heat diGipation deviesaattached e therhieat] spteader rwherein a thermally

[ ' f o han. 1. /
LRI e if SR B Pl B2PriFRR e Sa Sy Mg e hen
digpatitn déd@c shear rate and 5 125 C. "Thernal ly

conducti v reag, " nmeans readse havi r]g a pul .
CondﬂEf"P §T\ASPRCL dhednyention Provides a microeicetronic package comprising a

substrate, at least one microelectronic heat source attached to the substrate, a heat

spreader, a thermally conductive grease disclosed in this application between the
microelectronic heat source and the heat spreader and a heat dissipation device wherein

thermally conductive grease is between the heat spreader and the heat dissipation device.
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than 0.05 Wm K as neasured by the test nethod Bul k
Thermal Conductivity described below Al nunbers are
herein assuned to be nodified by the term "about,
unl ess stated 10 otherw se. The recitation of

|.C ranges by endpoints includes al I
%’B@Wﬁ@g”\%thl n that range (for exanpl e, Pngﬁbgmo‘m”s‘m
includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) Thermal |y
conducti ve %reases (TCGs) of the invention may contain
BESANEDDESCRIBION : oj|s. Carrier oil provides the
base Q¢,d8 ?lg,le;ﬁ for the TCGs of the invention. Useful
carrier olls may conprise synthetic oils or mneral
0| | s, “Cease” monsiarmaténial havieg eafscmsﬁﬂomat%thmyp%m lcps (10 Pa.s)

Bk 9% B P PR b AR e

1525 ione oils, and pol yol efins or a conbination

t hereof . mTerC|aIIy avai |l abl e cgrrler oills inclu
HATCOThemepdly caniiishygereasst gieaps ereasp BRInGE? wlmcpredﬂch‘aﬁfdof greater
0105 LR o HepdrBF b e 130 RoH0d Dk Théhl ConBQTRAF Heribed
bdpwyl i c acid, and capric acid (both avail abI e 20 form

a1 pra PRy PReTvinted % e 8 e Rl s tates

Sihesdis! The %&ﬂmﬂifsmkﬂeal ranged/sit afdpaﬁfts 1ﬁaﬁdeb Ql nﬁinberﬁay
be present in the TCGs of the invention in an_anp

m&@bwgm@%ew&h% o2 melides 1.drv 2i 279t é180 4, and 5).
emocﬁl‘%&ﬁxﬂ&l@n cofnﬂx%‘vg e 1 OE@{ & the 130enBBR Ha %ﬁxﬁtgfgtoﬁg?%&e

12 we rcent o conp03|t|on
emmrdnlneﬁampr cibproviges ‘dme baseeoy nidfrixofer thed¥2Gx ofithe mmemivou biseful
of .at r cent .t he
or s FRG sotpuig sy Bfhe s W 2518 oo hefepgand aee
g@@ﬂl)ﬁ)ﬂow&tﬁe AtAMDNnt Rpefiniré n%peaxﬂcreﬁbmﬁlw@f Usefltabeudils include
or to_about_ 12, 1 or 20 wei ght_ percent.

nedred egfersy W@ndﬁ% hicoRs Pilsoandaofy olsias gFa Pﬁﬁ@nfﬁ;%lﬁwg@nt s.
The %ﬁ&ﬁé&ﬁﬂ& Q@Qﬂaﬂﬁ%aﬂﬁr oflY iR IRE ! Ecé‘ib”ﬁ'oﬁaé b&?ol%&#‘of

carrier 0I| present Int sence
digentaazythtol andsehofr hbami fm@n@am HAi’iE@N 837lhe camplsaedpadyol

of the.thermally conduct i escr
Bisrsb et Tnontnd B SRSk, Ao HEER G 1h avaitable
fhird (Hait AT drforitigh, Berds, NI paid HEIZABXY 79 aﬁehmb leBoxyQdster EHSinSI
in_nature. lonic dispersants nay be anjognic or

eiailable frem Hevlangtpscialth Ghsmisals.dnc.; Heww; B%071019125
PCTI Q%H&Qfﬂqg%sﬁ%re&ﬁgm%é’?@f}? Qf‘%e {R¥ntin iHQR bﬁ@hr?t of om 0to

Conbi nat 1 ons spersants may be use such as,
donthaweight refceat andin aha wmbadipmhgsr@tnm 6 to netpamahm about 20 or

?E'%(S’%F?oﬁ"%ﬁ] pﬁgc%nf();f]l?il t@%@?@ﬁﬁo@%@% Iﬁytﬁg e’mboH}merr]x%t cartier oﬂemay

bPopryeapihehagoomes at eagan], er Dboﬁﬁﬁlﬁb&c&&bﬂf tife, colmpbéitlon, Carrier
ﬁl ds, glts of ftﬁ ii\é amg1 & yet hers, %Q| yesters,

oiheRap Biog B Brescat i e 6-Ga A he dneplionihsimges fichiding from abott 0.5, 1

S fhassutTodi J, ble@bwblgﬁf(%e&h@ nanoparticles, or any

conbi nati on f her eof nercial ly avai l abl e di spersants

i ncl ubeGy pfdbeinyentiongontain ane geeeEdispersants. The dispersant(s) may be
present in combination with carrier oil, or may be present in the absence of carrier oil.

The dispersants improve the dispersion of the thermally conductive particles (described
below) in the carrier oil if present. Useful dispersants may be characterized as polymeric

or ionic in nature. Ionic dispersants may be anionic or cationic. In some embodiments,
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SOLSPERSE 24000 and SOLSPERSE 39000 hyperdi spersants,
avai | abl e from Noveon, 1Inc., a subsidiary of Lubrizol
Cor poration, Ceveland, OH EFKA 4046, a nodified 10
pol yur et hane di spersant, available from Ef ka Additives

Y20 j(—}glgg nveen, The Netherl ands; and RHODAFACTs2004/629840
3 i'c phosphate ester, available from
Rhone- Poul enc, Plains Road, Cranbury, NJ. Dispersant is

350 1 o 5 o AP A TR e
Mnat?ﬂ??d?ifi%??amtymcmthS ;g tg[erS 15 wei ght

gﬁégd‘?}wmles Pegie) %’ﬁFgfggﬁlgiété‘iﬂ %SF gcgﬁmn {0 PR1YaMiRES, Sulfpnates,
ﬁbmlﬁ%él?& !:ap\P@lh&JSHes Rﬁé&%ﬁhosﬂa&%fe&a%ty%ws QaROof Rty acids,

presen the I nvention I n ranges

mir:ftthnis,mgbﬁstgm mdcmtyom ang in¢rganic disparsagis supleascwifiace-modidied

i.nv n_c conducti ve
S‘O?gtm PEL°P %ﬁuﬁ’”ﬁﬂé‘%ﬁgﬁ@&% C n%ct ive particles
i ncl udsmmbteiallgraeailhble dispeisimslinclude tHoes Ravipcthe frademamnes

DTSR BRI 3R s0 SLsRERSE soBlhmtip e el boveon,
fi180 b GubsidHRY QR LGB BBmofitibh, WlevelindPOH] EFKAMADHSdified

carbon, alim numnitrrde, al um num Zl NC OXl de

polykethane dispgesanty available Som Eflel AdditiveiRY | Heszeryera Ahe of

h ach cI es are,of d| ff e.
AR ESa  RHOBRRRCAICE, & BhaRlcbrtipnle fce Rleihest
Rh@eLHnumfngmMRea@Gfmbﬁmm 25 of at |east three

di stributions of thermall conduct ive particles, Each

of t HRispgrsang Sqwesentn the THGs ofithe inverrion i an amoynt pf g1 least 0.5 and
FARSHC el S0 RREg PLEshe MY fn e OBBRBAASILE 18038, 10, or S

ich differs om t’he average particfe size
Wclghirpemmt @ﬁm@m commpaiton. bekwther mbgdiaient, élapdrsmt fnaja bor

d &
st o fer eI TR G, e b Uieestt in e
TOGs erteT v@ntich ifiraiges ﬁcmﬂmg & oy 1 foabaLics wmght percent.

tigl t 3 | t ticl
i st 11633t PURS HEGRITG Pl B0 ponurciepeticigre Uspiu] tspelly
&fndQctﬁre ircfégﬁicﬁfd% but ﬂre'ﬂogﬂthﬁecﬂﬂosﬁabéehﬂﬁde%rﬁ‘ & ﬂhQQcoﬁﬂmse

avera artlc e di ameter (D5 ) m croneters;
diamp @e rydialjine |dlamqné,rsﬂivav parglchnalmmaa@uorpmmdcdh@cagonal or

BT SR e oS PSR cartlt o Bt plomime

gihaoxit€ migkel, tunglten, dilwir, ant dombinatidis \of agy @f\mexﬁgsaqimf&hesb e
di anet er EDE(%BS val ues of 0.03 mcroneters, 0.3
PATEG!EYAZE 8F & diTISFAt WP%i cronet ers. The thermal Iy

condupd ey hihBveiBRR1ds e 1R tRCREGODE hB Skt Sfixture

are a mxture of at l'east three distributions

offed logst| thige distributionsaf theamallyctoadugtivs paticlesy Eachaf ﬂhe@éktastahrce

Sl skt A0 ol Stolte iy b erBbiANic i which differs
fmh\AMVetalge phxdiskelsizaef the diskribupien kisova mdd/vihk:ldv wdstat pastatfactor

o Sy bR SR b St Skt L PSS  BRr B 161% greater
thih €0.PPdrik@fipleVambeurt BEhSMallyRehNREVe fiiid6SRhy ARRIBof: AN

sone enbodi nents, the three size distributions
smallest particle distribution having an average particle diameter (Dsg) of 0.3 micrometers;

a middle distribution having an average particle diameter (Dsp) of 3.0 micrometers; and a

largest distribution having an average particle diameter (Dso) of 30 micrometers. Another
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are essentially non-overlapping. "Essentially

non-overl appi ng" nmeans that the | owest 10 point of the
valley is no nore than 5% of the interpol ated val ue

bet ween adj acent peaks. [In other enbodi nents, the

three distributions have only a m niml overl ap.

WO WPHU-P1250ver | ap” nmeans that the | owest poi NECHESA0pE029840
valley is no nore than 20% of the interpolated value

bet ween adj acent peaks. Typically, for a trinodal TCG
txamplovenyalpee prarsgecliameterpartioly distributions hirdsg awevagepgiclel 5

i anet may ra from abo 0.0 ab 5.0
P ol Valock B0 i GO RS 3 BictBmtebis ot plrapaigrs o
the mkédhemaNgeadactiiepaiions uselin HREGS 6fak BRetionGird dmixture
t o about 5&. 0., mcraoneters. Typically, the average
of -t {gast three diskeibptionsiof thermallyecondupiive RECIGS rorwtiag inatyeast a

] o ] »

AR EAPLRRD H i3 oo itk nbth, MARATEL Ghropd o poE
(distance kétween the Baselieesifiihepeaks andethe lomesti point phithe valléyybetween

ti ticl t hat | bstept with.th
GREEH iR e ey o8 S o B PS. 000 1767 bt b Sserpofegse
%@a@b@{ﬁ) b&tdker MFacthipeal) 18 56hé Smbddi@erdtsl tha iR sWe distributions
| C |

it is in contact and that the TCG be sufficiently
1P eweamially pen-grerlsRping a shsserisily san-puislapying hmessisghat thedoyest
e g b e i
Iffu¢hed iembodimants,ahe titcestistiibwions bivewalyer minraaltovetlgs ‘Minirhal

have .di anet.e hat  ar.e [l er than, or, n I rj dge
bR R L st P e vt R0 i Pt 0% o b tetpoteced
Hllwt;mlvéeﬁaeﬁéaﬁ@Féﬁgt. I ndeed, the | argest particles my

est gap between substrates. Wen the

bridge the smal [ Stre
part i]B{Péf@ﬂbffOIt nrisimogdply B, the avesassipartiglestize oy the smaligsbaverage

e e R G R g
particlé sizelfoa thetnsiddldias¢ragdodiemeter nrayrabge faolu ahtw §dus apout 50.0

| ect ed Just fit within th i d bet th
GRSt T YAl R the Fhasdde s ols 3 1 e asecshipveonds dasleresy
@hgd frdB dbdu@0.5Mb kbout Se@recrém@eRuyl ati on of smaller gaps
or vaoids between the -5 WD 2007/019125

PCT1UBsenermbobments.jbis drdrbls tprovide 2/ 1@ bavingithg maxipum
R e T g
desirghd¢ phylsealproperiiisaftiteaesultingt TG, fonmdainplst thdt the MAsLicdnform to

n a.simlar.fashion esi r.abl art.i cl
P m e s R Rionfae oty 3ot Foe T bR Stk oy fggpable to allow
disg aglicaioler popul ations of particles if desired. 5

Each distribution of thermally conductive particles may

conpr Vi thitjie migfhe sonduetivegagisle disidbutions pag basrleqtsd s
Rbrldhifce Sthi the RAGKIR eef¥] finciphs. Qhe gﬁﬂfbhti%rmfs‘fnalle?t diameter

Istributions. Additionally, eac I'stribution o
pariégiercsshpyld bayectiiarnétens thed aneismialler thany ocueatln bridge, tioexpectedgap

L ff t.t | ' ticl T
S50 R3Sl MBI L SRl Rl e
terixdge ittersmalless pay Bawésy) substrates. When the particles of the largest diameter

distribution are in contact with each other, a gap or void volume between the particles will

remain. The mean diameter of the middle diameter distribution may be advantageously
selected to just fit within the gap or void between the larger particles. The insertion of the

middle diameter distribution will create a population of smaller gaps or voids between the
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10 and ot her conmponents with a slight excess to provide

flowability. Further guidance in the selection of
suitable particle distributions my be found in
"Recursive Packing of Dense Particle M xtures

Va s S L
DA Y o fhe Toregoing i scuss: on. 200 o
seen that the nean di aneters of the successwe
I di st [ f b b it
e el B 3 e B AR nEa e
pa&aﬁgh i Pl fEsi bridtof Which G4y HeGlsd Mefea%@@ew AHBEYr of the

articles wthout S|gn| I cant | Isturbing th
spabdt dgtrdn‘utmmelnprsamlmf@lh;onpénskelde Pl paxhds dirfngions may be

ShiREl B o PR cori el e o S ae PPl Mo,
per C@ath S¥tribeficH df. thdrfaldy Etﬁxﬂuﬁﬁ%%ﬁmmhﬁy chiwprisetht Yame or

conductlve particles 1L;resent i n anounts of at

diiferent theymally, COI@BGUVSSJME?S lquac granyg thaxy leagtthreg distrifytions.
@cﬁ%ﬂ@ﬁl&%@ch 89%1}3&?0 y ettt ngﬁ&&ﬁﬁctﬂg E&@i@fes rﬂag c@ﬁtl&ﬁ mixture of

nts ernal ctive artic
differsetriypes nf thesmallp@endifctivéparticleent i on i n an am)unt of
not re than 99,

39, 8B epeinis Yois mebe Pyl Of e g Mot air, fpport(s

200 Iameﬁcdmmm@ﬁwmfa%hgm\éﬁwss prodie BOWAbIY! FeARdr IgMidance in the
include additives such as antlloadln agents

sahﬁtmsw Guitable parisle distaigutins may rf@mldnv prussiyq Rpckisg g€ Dense

REIARERRR) Pkl B PRl e PRI P LD 1

Faxsm g ﬁot'egangtdmcessmﬁhm vﬁ]ﬁ:& seeh thahthe inreae dismetersofche successwe

FRR I e SRR i mEBR o B SR N BRI fosoure e

tﬂ@rmnqiteﬁﬂﬁeaw Qﬁt&ﬂsﬁ'dels lbﬁ Byl thefilevioQsly padkee phriiole vatBidut
particle size into the dispersant/carrier oil mxture.

signéficantly distrbjngtye @eqkaw&futh@rﬁﬁPw%lxp@ﬁer%w%o be
pr empge %e%ﬁlﬂ{e&%ﬁu&ﬂg gsl’ﬁr:lgs &59 bl Bl% TeBs P fhe d&&éﬁhgn in
at nmay be adde

conponent's e m x?ur € in or
ananoaiudat lehst 50 percent|by wesghbslnt qzheramibodmntntsmhemadﬂly icogphustive

S e BB 3% e duss! iepr o T0a oodoc . RodPr abPL 52

93094, 195 546, DY &ir 08 3fei d@t pérb@rt. dinsiiedr embadiRhis) @Brmeily abhduefive
the thermall conductive particles with di spersant

nafticlss p}gqsp@t inthe T&&stqf@hee@qutpp@ i gypamount of not more than 99,
R ?P%S@M O 53,94, 90, 49 Wewr BB Cor BeGReighs pbldgnd nvent i on

may “be’ used Th i ctoél €ctforic packag s Pan may be
used The T@é‘smnd TIOG ¢omepositiens qfdbs ipvendibn ey talsb optivrml i ddude

PR ETineh RSO ure A R ek e idipRiens Uoftuce

appﬁdﬁﬁ@ﬁfﬁlsmﬁy)? eiRkirfigle ahethfahy! kefhe PEK) SAethgigobkto) ketone,
I e nounted on a substrate or stacked die on

n&ﬁﬂ‘ihaﬂs utybegefads-mal |y conductive grease of the
' nv efhe PCRBIHRANARDN HL YEHLal lﬁﬁﬁhe'@ybleddﬂféhdiﬁ%rsﬁﬁ and carrier

addl ti onal t her rral di ssi pation device in er mal
digetthe theenatlyicendustivhpagtcles aqque@nalﬂwp |ﬁeest 0

lialljggsrt SOUT & or ﬁjegsgze @l?thds%e:&g‘Pelriaﬁﬁ]er rmF “Eﬁ?‘}s“é ,tgeﬁfm%l@eat

cdrdictiee partices hey aiad» beyptemméd ctithwoae gnc&hﬁemddhen added to the liquid

components. Heat may be added to the mixture in order to reduce the overall viscosity

and aid in reaching a uniformly dispersed mixture. In some embodiments, it may be
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the invention are useful to provide thermal contact
between said die and thermal dissipation device.
Additionally, TCGs of the invention nmay al so be used in
thermal and physical contact between a thernal

di ssi pation device and a cooling device. In another
\QHBBW?W?, the TCGs of the invgnti on may be RfJEH2006/029840
bet ween a heat generating device and 15 a cooling

device, that is, wthout using a heat or thernal )
dspirabladie dirstiprafset @ ore-dismerss agrortigreor allof therthermally songdustive

st it Giflraditio} AR biHites St AC LispRrsdibfrir i,

meas (The T'Qfisrod il ihyention mag be dsediih mick&iedtions/padkaged aminmay be

t he TCG sanpl es, usi ng..a at Transfer .Tester, avail able .

R et e A AT et e & NeaiTo orR s RRsagelcetionic
di& &rbfrﬁoﬁo aBEriRl divdsatiBh db o MRFCH R odi6 pRlka PSRy QUMFRRE at

3M 102204-01 and i ncl uded such features as: a vision

least onerheggontse.donexamples a dierrgoynsedain afubgrateeicdtasked dieomeen
. 0..010.. ,
SRS, TG ARG g @ BB AEH o DB 305

it @cdncid diticidDhed@nisdissipacion dadde intiephalmad physical oaltet with the
cool the_ cool ed cl anping bl oc he copl

e such a8alor xRl g themmeal spesedsr tﬁg&tpﬁrr% %l)rgacfef Pgelse 33 g beat
sé%e ﬁg%ﬂ? S RfN tfler u?digﬁﬁitﬁgﬁeﬁgmé \ﬁ(kiﬁlﬁlf QniilictRe reases of

, a ad ce nmounted on a X- qlcroneter
theljnwettiopasi usefuhtorproddathermad contacs betwveen saipdiegnd tipokal( t o

10l d..t he cool.ed. net.er ) unted on the |oad.cell
Rt ey %2 PR T B of IR HRisio e RS bER%kaEE e and
phgsidal u:sliltag bewRES A thefim zilleali?s‘sipa@mfdeind ﬁbaﬁd h bﬁolfﬂ@ﬂ!@ﬁﬁ@t Ly ddother
cqontrolle a control|er and thernocouple, the ,
cToRimEpt o i ofthe v ention vy bevisesl PFc: heeheRsPREIB Aeise and
' t : §
o e B el s B Ao L och B the
inventiom s ueeiplid TiMdend Tdipeppdicetians. net er bar gap, and
contact force at tine intervals to a spreadsheet. The
Vi sion systemused to neasure neter bar gap was
EaAMPLBESed as outlined in the operating procedures

rovi ded, The c¢qol er was charged with a 50/50 bl end of
ﬁﬁk—mm%ne glycol, The gap between the copper
net e 'Blﬂ@ﬂ'l%ﬂﬂ@é%lﬁﬁ&ﬁ@l? i asmed %éﬂefdilg BRh&OR] with ASPRID-5470-
tenperature. The heafer set point waS put at 120 C an

p

Qlion tho SCersamples pongw Haat Trans@Er Taster, avadlabla ftornGesterh Agtasuhtion,
to ui | €.q L ar after. equilibratio
1S B N 38 b ool osltP G0 bRl B Prph B pRtler o
I@Qﬁ@#—ﬂﬁ&lﬁrm&lﬁdeg smﬂ Ratiles ag :rai vaﬁch sgat'eﬁ%caphm of mﬁésuﬁng al

neter ar_turnbuc es unti t gap etmeen t he neter
P@%ﬂﬁlslrl%n_éalaé 85 bEReRn eRPPe Beier Bart Far @ 1o AdH G ingh 425 g
cﬁﬁﬂyelr m¥tdr B} wAth'd resiftailetARERatu Bt %‘{ lgfr segﬁﬁ'@ ol meter bar,

sanple tested was placed on the hot ar surface
zepegler koot the doaled darsping dlosk (toheldi the ecolertmethrbad) hexingtanen

o%ﬁﬁﬁg raﬁ@éjof:ﬂrﬁﬁrpf(‘fltoi 1%‘30%8%& hold the coolant temperature to +/-

=

- 0,02 °C, a 25 IbF load cell mounted on a X-Y micrometer adjust positioning stage, a

cooled clamping block (to hold the cooled meter bar) mounted on the load cell, a heated
clamping block (to hold the heated meter bar) using resistive heating and has its
temperature controlled by a controller and thermocouple, the ability to add weights above

the heated clamping block to adjust the contact force on the meter bars from 5 to 50 N, and
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causi ng excess TCG sanple to ooze out of the neter bar
gap. This excess was renoved wth a paper towel or a
fine cloth and the pins of the neter bars were cl eaned
to facilitate 15 accurate neasurenent of the gap by the
t hree vision caneras, The instrunment was allowed to
WOIPI08Y138 e for about 10 minutes as data was PCT/US2006/029840
conti nuously recorded. The neter bar gap was |owered
about 100 pm and excess TCG sanpl e oozed out of the gap
ragadls (eaeeagine andtecord Teroparatute; maten bangap, and somactforseeitime

tg A ratre s]% about 10 m nutes as data was

IE A ﬁ %E&F%/d eec'orded. Thi s sequence of |owering the

et errhe aisiogapstérn usddatimebsifte fete? Barigap mﬁeﬂtb&ate(tbsaﬂmlhrm@ in the
and record| ng dag% repeat ed. unt a f| naI readl 9
QpeigtipgRrered ure@y&rv dmﬁiaﬁooaerﬁw@ars wg*aa tend of water and

B b i
aheoom smpraire. THie htalensehpoint wasquit atelcloéaemsl the-®olse seh point at —

£, 08t ARSI SRR Rk TSR SR

2B ait 400 Bncr@ﬁn@i&rs Ae QfirfideSof el hoti adldl abld MRk Ibafddver BRnarized using
readi ngs, and each of the 10 RTD sensor tenperature
thesiadiviryel matercbar FITEbURKSS BB Re8R BaDTeRR Sheamelp sRoRbY cach of

tﬁé)ﬁue%gﬁld%ﬁ{ﬁ %\Jué‘rag Re VAR ¥ 9/ %élrﬂpaﬁgé ast 10 data points

recor Iven gap were averaged, and these
aver dgescess Déeaoh é‘ G sampld tededwhplbat ioanis: hof Ineetqy darsurface and

B BEPR PLE Mo AR W1 LG BOCR: A LT Ne PURG

cRising 6k c6:e MOy saﬂﬁﬂ&to o%ﬂéjoﬁt R tHe QEcAdrivANSap? FTHi ¥k cEZE Rvas removed

t enper at ure sensors. ically, the calcul ations

Withs papetgwel qrgrﬁqeyclqihw e B1S phthe mster b gvarnelcanseio fagilitate

oSS E ey bR SO 5 055 i PERGR o R Wialoned

tevequibioretd féraboatalOcninates emateewassumdhmgmslg r¢doededCOhe anedr dar gap

The te e at hes ch f. the ter

P e et oS nd Sieassdir G e ool Bl the b 4T wais cleaned.
TH MiRGh et VAR a ?ﬁiﬂ allbRedId quﬁBﬁ&%r Aanl o Mifutes BB aatﬂ%f

the average o thethreelndlwdual met er bar gaps,

CORHNSHEY mcerdsd dFlaip sequerrs of loyeeripg thepmater bag gap eutt 1@8 um
I I
ifirciaens Bichiif A MeBRIGY ol ol ISbdedl MalPAEH 18D WiSien,
tpooudly af & meter bavggap Ioéﬁ 10thent fibe mnier barsrp/ertalpencdfh'ank tlh tD m a
| e under ,t hqse condi ti ons. e cal cul ati,ons were
DR Gradlentr. BT Hrcedie T raeaga for SRS O | b
TCG &'ﬁﬂ’ﬂ&tﬁ werdeRR 8 év@ﬁyt‘ﬁ@' secdhdh B ihﬁe [e&uthédt R8d E&ﬁzﬁﬁ@i a

npedance and average: %g dat a lotted. A line
tmdqtq gty thesample npgieq thg domeexeed areiﬂrﬁ G inghe mgtes bargeg, each

1.{? l/lhuxﬂ Qéf%ta.tl é,’dptrléa&f@g% Gidl gl &{tﬁQI@RTbggﬁggYe%ﬁ%gaggg

I nes’ XI's I nterce
rmlumsx Iﬁ‘@ﬁhgsm dbwnbaﬁ&duhtataespteh&mﬂéomysm buithn opalpdis, she last

1%%%&1@0{{1% r%EorQeaJ at 90 g‘ivenvgia% %s%%ei: eta%raged, and these averages were used for
the calculations.

The power flowing through the TCG sample was calculated using the known bulk
conductivity of copper, the dimensions of the copper bars, and the locations of the RTD
temperature sensors. Typically, the calculations indicated slightly different wattage

flowing down the hot meter bar than down the cold meter bar; these two values were
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15 The viscosity data on sel ected sanpl es was gener at ed

on a Rheonetrics RDA3 visconeter (TA Instrunents,

Newcast|l e, DE). The viscometer was run with di sposabl e

1 inch (25.4 mm) dianeter parallel plates in the | og
sweep node starting at 0.5/sec initial shear rate,
WQk’P‘%@“S‘zﬁ)oi nts/ decade up to 1000/ sec shear rB{EUS24p29840
gap was set at 0.5 mmfor a run, and then lowered to
0.25 mmfor a second run on sone sanples; on other
ayaragtdfor 2dlculimeong axtendisg toahe GG sampleo Thy tempemt@s athe surface of

L PESE et B o MBI BrERple? S o Bich i ek

BRI Idcagssded in nPa.s at a 1.25/sec shear rate.
MIling Procedure 25 Rou&géy. 40 cc of 0.5 nmtgi amet er
yt t riiepowsr, theaverage pithe iseaiadivisdualpaten bahgapss the fgmperature

7 . '
TP e o and IR ol AP e BRI Rt i were
thén esethitr baieyate thelténipetBudylgradient/Ithd paweriflok, rang drenrthd thenmal
( Hockneyer [ nt rp., (rison, NJ). The desired
AT f&%ﬁ@%&ﬂﬁ%{%&%_ e added to the mill
Cc hanb@iesadiitutitiond ®ke\bbinbleRd for dactThfBE micRk batgabe@Sthich the
m nutes so as to 30 dissolve the dispersant 1n the

Bl vample hahbecaitestadnendhe raselling thremal impedgarecng averagshgap data
: e
FRARER, 2 V8 R EREIa e Skl wltodif ROBATT

condidtivity was cdlf\tatediad thethvedse bithe (iest stops. STieedaxid intdneept and the
Fbcl%&neg%gé -9 WO OC}71019 25 PCT/ US20061029840 that

SIQRSi psedrip rjculath dhe thermat impgdance at 31 RSLET OAT 83kt o

a pol yethyl ene contai ner and the solvent was all owed

to evaporate until it could not be detected by odor.
s of the conpositions mlled are shown bel ow.

il : . . . '
S0 sPRGEEy AT el bord e Belira M bR s RDAS
Waoirieter €BA (igrumems,Newdastie; Dt Ehe visddnidfer 2@s ABON A diSP3able 1
0.5 5 280, 27, 900 .00 10,255 16.5 1100 5 @4 ary..,
IREIn 5 AU figfeish PR Bltes v SoEuwsap iaee Sesins o or e
Bl s ankify $Pbints/decade up to 1000/sec shear rate. The gap was set at 0.5 mm for
a run, and then lowered to 0.25 mm for a second run on some samples; on other samples
the gap was set and run only at 0.25 mm. Temperatures of the runs were controlled to
either 125 °C or 25 °C as indicated in the table below. Viscosities were recorded in mPa.s

at a 1.25/sec shear rate.

Milling Procedure
Roughly 40 cc of 0.5 mm diameter yttria-stabilized zirconia beads (available from

Tosoh, Hudson, OH or from Toray Ceramics, George Missbach & Co., Atlanta, GA) were
put into the basket of a Hockmeyer HM-1/16 Micro Mill (“Hockmeyer mill”) (Hockmeyer
Equipment Corp., Harrison, NJ), The desired MEK and dispersant (SOLSPERSE) were
added to the mill chamber and stirred with an air mixer for at least 4 minutes so as to
dissolve the dispersant in the solvent, The diamond particles were weighed into the
chamber and the contents were stirred for an additional minute to wet out the diamond

particles. The resulting mixture was then milled at the maximum speed of the Hockmeyer
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| eveling agent Wallingford, CT 2,2' Bypyridylethyl ene
bi s- A chelating agent Al fa Aesar,
salicylimne DP 1 D anond particles having a Tonei

D anond, D50 of 0.25 pmand a D50 of Engl ewood Cliffs,
NJ 0.50 mDP 2 Dianond particles having a Nation

WO2RAE AP 1B E sear ch
Chesterfield, M
chel ating agent Strem Chemical s,

teitavaied sp&mhmarvaaedesubaxgtsimtye\gasmywd nrgtp @1po

s Pr LB 4 kel 5 P bl P

dohipbstiduhitied are i@mbbslyw, RHODAFAC RE-610) NJ G Di a.

(1.5) D anonds,

now An I O

Ward Hil I,

Newbur yport,

MA

D50 of other than 0.25 or W%G/ﬂmsw
0.50 pin Ethylene bis-salycimne A

MA F180
thylengrensaines and

sy o B o e

1.5, 3.0, and 30 Di anond | nnovati on,

-10 WO 20071019125 PCTI US20061029840 Name Descri pti on

Source G D a. (3.0) pmdianeter respectively
VWorthington, OH G D a. [ddillliCHarges (O 25) Di anponds, 0. 25,
2- Biandfd HgNAM Tﬂﬁﬁ%ohré)r tgﬂﬂﬁy DOLSPERSE) [20-Bidradha
dp@ffa&szeAﬁras' ve Y Ke n@@- (2073000 ¢ s aCtpatdies (g)
Zh eng PR Chi na Gq L 20000 li ion carbide particles
f@l&ﬁrﬁﬂ% oration, hew ng a D5O pf 0.3 pm Nagoy_a, JP
N I T PN 1 D SR A I T
I:—'ILJ’Q"‘ es LLle I nr;n Ln:'?\é Jgra_\/_;_f_g__& 0. of-- 2.0 nr%og;(‘
i con_carMide pdrticl?88 Euji cdbdar at ilon 1100

" havi ng a D50 of 3.0 pmGC 2000 Si Ilcon car bi de

particles Fujim Corporation

having a D50 of 9 pm

Glossary
Name Description Source
BYK 361 Polyacrylate copolymer BYK-Chemie USA,
leveling agent Wallingford, CT
2,2’ Bypyridylethylene bis- | A chelating agent Alfa Aesar, Ward Hill, MLA_4
salicylimine
DP1 J;Diamond particles having a | Tomei Diamond,
Dsg0f 0.25 pm and a Dsg of | Englewood Cliffs, NJ
0.50 pm
DP2 Diamond particles having a | National Diamond Research
Dsgof other than 0.25 or Company, Chesterfield, MI
0.50 pm
Ethylene bis-salycimine A chelating agent Strem Chemicals,
Newburyport, MA
F180 SiC Silicon carbide particles Washington Mills Electro
having a Ds particle size of | Mineral Corp., Niagara
80 pm Falls, NY
GAFAC RE 610 (now An ionic dispersant Rhone-Poulenc, Granbury, K
RHODAFAC RE-610) NJ
G Dia. (1.5) Diamonds, 1.5, 3.0, and 30 | Diamond Innovation,

- 10 -



GC 1200 Silicon carbide particles Fujim Corporation
having a D50 of 13.5 pm GC 700 Silicon carbide

particles Fujim Co

rporation having a

D50 of 18 pm GC

600 Silicon carbide particles Fujim Corporation

havigﬁg a D50 of 20 pm GC 400 Silicon carbide particles
PO 901835 por ati on  having a D50 of 35 pm GC 2006/029840
Silicon carbide particles Fujim Corporation having a

1106 A polyol ester of HATCO

Mporatl on, di pentmm toI and shorSQEEérds I\L]
bai at-t y act-ds (a1, r el HATCO133 exetd
: ster deald’éB}ﬁf%Fgé?cgﬁelyped th? H’trkﬁ?%I
Va, -k cu \ LIATr‘ 2020 A
He Rt trinmelli Wm B8R at | Jfgnan Henggigng Diamond
B (33h125 PCT/ US2B96XZYdipmetauane Deg mfﬁftlﬁ’f‘oﬁ%f’%% e
Higd28-3® and i soddagspectisielohol (car ri grZhgpgaho
@Q29000 di ester of diSil¢onaarbidegpaetiddTCOL I@pmﬁloqiuraimn,
2- et hyhexyl al coholj (carrier {;] HAT( 2999 A pol yol
ester or HATCOL Cor|fBvagiadfs Ofgde t¥er yt Hrira88Y®dhd short
Farty "acT a5 (|GHEEdnartidd partdies CO- | Friinmi & oRdr: %}Rﬁ
ester of HATCOL Corjporation I pent aerythr| tol "an
short chain fatty adiadmg(ad?éwoth poi | ) HATCOL 3371 A
Rkexet-—potyot—ester—of—HAFCO—Cor pofgt 1701
Wiéﬁ%‘fhw ol pr opané,gﬂéﬁq b‘daé“a’ﬁ‘w Bapr ugn%gogaong}?&
capric acid (carri erhaOinh)aDsoofz.O um
GC 4000 Silicon carbide particies Fujimi Corporation
having 2 Dspof 3.0 um
GC 2000 Silicon carbide particies Fujimi Corporation
having a Dspof 9 pm
GC 1200 Silicon carbide particles Fujimi Corporation
having a Dsgof 13.5 pm
GC 700 Silicon carbide particles Fujimi Corporation
having a Dsg0f 18 pm
GC 600 Silicon carbide particles Fujimi Corporation T
having a Dspof 20 pm
GC 400 Silicon carbide particles Fujimi Corporation
having a Dspof 35 pm
GCF320 Silicon carbide particles Fujimi Corporation
having a Dspof 29 pm
HATCOL 1106 A.polyol ester of HATCOL Corporation,
dipentaerythritol and short | Fords, NJ
chain fatty acids (carrier oil)
HATCOL 2300 A complexed polyol ester or | HATCOL Corporation
pentaerythritols and short
chain fatty acids (carrier oil)
HATCOL 2930 A diester of trimellitic HATCOL Corporation

-11 -



HATCOL 5150 A polyol ester of HATCOL Corporation

di pentaerythritol and short chain fatty acids (carrier
oil) HELOXY 71 An aliphatic epoxy ester Hexion

Specialty resin (carrier oil) Chemcals, Inc., Houston,
TX HELOXY 505 An aliphatic epoxy ester Hexion
0800781195 resin (carrier oil) Chenicals, | nc.PCTIUIZANYORIB40
1010 Anti oxidant Ci ba Specialty Chem cals, Tarrytown,

NY KADOX 911 (0.1) Zinc Oxide, 0.1 and 0.3 pm Hor sehead

Naepor at 1 on, KADO)W De3ftiftidn3) di anmet er |IgegRect 1 vel y

MMIMWJ salt (ionic
Baer | ocher USA, di|ssbydsidpend ispdeeyhnati), OH Ni ckel (<5)

Spherical nickel paugler. sarRe@amet, ykoff, New
Ni ckel (-400 _Mesh) mdianeter, and_nickel Jersey powder,

KABOOM2¢4@anet er  r <A diester ofdimer acii2nd\O | HNOTCOL Thjioration
PCT/ US2006/ 029840 Descri ption Soyrce OX-50

(0.04) Silica, 40 ﬁ%@é‘ﬁgﬁlﬁgﬁ%rpor ation,

di arret er Parsi any, d\H PEG Di stearate F°o| y(ethyl ene
I

IMT\@@L 2009 waukee, ; A pdy@reatgeomol ecul ar] H&TGOL Cofpaatsivnt
930 (carrier oil/pal r sant )| RHODAFAC RE610
A pol yneric di sper i %{ ﬁﬁ%‘ﬁg’ ‘Efe"é’ Granbury, NJ
SOLPLUS 520 A pol ynwfmﬁkmmm on, lnc., a
subsidiary of lubrilzol Corporation,. yq \LpJ_am:L OH_—
BATEPERSES 16000 A pot polieliesterols per sant REAVECGAL Gorporation
subsi diary of Lubri Z&?ﬂenﬁ@fyﬁ{?{t@ltahﬁ’ghort
chain fatty acids (carrier oil)
@TCOL 3371 A complexed polyot ester of | HATCOL Corporation
trimethylol propane, adipic
acid, caprylic acid, and
capric acid (carrier oil)
HATCOL 5150 A polyol ester of HATCOL Corporation
dipentaerythritol and short
chain fatty acids (carrier oil}
HELOXY 71 An aliphatic epoxy ester Hexion Specialty
resin (carrier oil} Chemicals, Inc., Houston,
X
HELOXY 505 An aliphatic epoxy ester Hexion Specialty
resin (carrier oil) Chemicals, Inc.
IRGANOX 1010 Antioxidant Ciba Specialty Chemicals,
Tarrytown, NY
KADOX 911 (0.1) Zinc Oxide, 0.1 and 0.3 pm | Horsehead Corporation,
KADOX 930 (0.3) diameter respectively Monaca, PA
Lithium Stearate A fatty acid salt (ionic Baerlocher USA,
dispersant) Cincinnati, OH
Nickel (<5) Spherical nickel powder, <5 | Novamet, Wykoff, New
Nickel(-400 Mesh) pm diameter, and nickel Jersey
powder, <35 um diameter
| respectively. ]
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G evel and, OH SOLSPERSE 24000 A polyneric dispersant
SOLSPERSE 39000 A pol yneric di spersant
(3.0-4.5) Spheri cal
MA  Sph. Al (17-30) powder,
respectively T D a.
Cor poration of

I nc.
I nc.
Ward Hill

Noveon,
Noveon,
Cor p.,

and 17-30 prn dlaneter
WPAHHAEY: di anonds Tonei

Engl ewood diffs,
t he The Dow Chemc

Sph. Al

NJ TONE 305 A pol yol
addition reactio

(0. 25
AmdiGT,

al um num Al f a
3.0-4.5

0. 25
2006/029840

resultlng from

of _Conpany,

Néng#l and, M caprol

@?sg(@bp, Vard Hil

dianeter Massachus

Besaiptioni t h tri met hy

§fh°a= %@’E‘SWS( 325

D

Hog h_Q{‘J'_L vel Vi

Botrcpr opane
?g L8

J

PEAI Ristegeta i cl es Fuj
0. 25 m WA6000 (2. 0)
Cor por at i on,
oxi de particl es Fuj
PCTI US2006/ 029840
of 3.0 mWA 500 Al y
Cor por ati on
Bi s(pentane_di capr

di amgt

P ﬁlY(%Ylwgil’qoan ha\iv Prdrich %le?fl Co.,

z\%&%ﬂ(ﬁnum num

iavérageanpleciddri voaight of 3 WO 2007/ 019125

E?ﬁﬁﬂ?@%aﬁ&?“ on Souyrce having a D50
ticl
havi nd o Bt d i Sul

(
apa{)ﬁ?—w

B

%:gﬁ%mt) sul
jonic

bs Fuj i m

f onat ed

dispersant, was |

mechani cal stirrer,

RHQPAFAE RES10f ol | ov’vs"&

pﬁmnmmhams@nt equi
and vacuum was addé

Bibene-BpulencaGranbury,

NJ25 grans

omnon

SOLPLIR $29ui val ent s
Chem cal Co.,

equi val ents) caprol

M | waukee,

Alpdiypeis digiershiol |
W, 5 54.3 gr
actone from Al drich

Do édr) Enieg, 1a subsidiary
.47 )
gﬁéﬁbf&l&fceﬂpfaﬂom

and 8.0 grains (04054 equivalents) Cleveland. OH

di_net hyl - 5- sodi_osul ht ate avai K
SCHSPERSESL6000N | mi ngtApelyBigric #ispersamtict orf Nowedrs irtcs subsidéary of
stirred and heated|to 170 C with a vaculunbmdol Chifmration,
mercury. The reaction was conpl ete aftecCiéeadrGdand a
STRRPER SWaRoemal yzeq Abyolymeric dispersant Noveoen, Inc.
SOLSPERSE 39000 A polymeric dispersant Noveon, Inc.

Sph. A1 (3.0-4.5)
Sph. Al (17-30)

Spherical aluminum
powder, 3.0-4.5 and 17-30
um diameter respectively

Alfa Corp., Ward Hill, MA

T Dia. (0.25) 0.25 um diameter diamonds | Tomei Corporation of
America, Englewood Cliffs,
NJ
TONE 305 A polyol resulting from the | The Dow Chemical
addition reaction of Company, Midland, MI
caprolactone with
trimethylol propane (carrier
oil)
Tungsten (1-5) Tungsten powder, 1-5 and Alfa Corp., Ward Hil],
Tungsten (-325 Mesh) <50 um diameter Massachusetts
respectively.
WA 30000 Aluminum oxide particles | Fujimi Corporation
having a Dsg of 0.25 um
WAG000 (2.0) Alumina grains, 2.0 um Fujimi Corporation,
diameter Nagoya, Japan
WA 4000 Aluminum oxide particles Fyjimi Corpotation
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i nfrared spectroscopy, The final product was a clear,
| ow viscosity liquid with a 10 theoretical sulfonate
equi val ent wei ght of 1342. "iC8 Mdified silica
nanoparticles”, a nonionic, inorganic dispersant, was
‘sre&gred as foI | ows: 61.42 grans BS1316

091123 i met hoxysi | ane (Wacker Silicones Cdi(F/US2006/029840
Adrian, M), 1940 grans 1-nethoxy-2-propanol and 1000
grans NALCO 2326 coI I oi dal _silica were conbined in a_l

Mid on gl ass jar. eriptibur e was shake@ohmeensure

nl_nm } QN _DJ\\uar nJ ﬂj’\f

The m xture was theﬁ‘aﬂﬁgé@?‘;‘?ﬁapwpow thrgugh oven at

WAk 10 produce -a [WihhiuRAdxidearied SQRufmi C on 4

sul fonat ed pol yol ijonic dispersant, wag prepar as
follows: A reacton Iewugp@em:bf\&i)tHMa mec¢hani cal stirrer,

-t gen—pur-ge—ant—a-st+-at+or—apparatus
wi t h di et hyl - 5- sodi osul f oi sopht hal ate (42.6 grans,

0. 144gumingted Bié(ﬁédtxﬂﬁ'dﬁ:a hioRidtoR6)” A6t dispeht Aves prepared as
W I m ngton, DE) t hyl ene gl ycol having a nol ecul ar

fokgve Ocﬁrequ’(lmp@d \;mt@ p pghanipabs Breryind y acpmvesasided 25
%r o%?ls 9@%%@@%-% 1 ﬁ%Hﬂ%ﬁj:?ﬁ bg&ﬁw%’g Mﬂ%ukee wI,
Sml gtmm@%éeaqewglempbaphﬂwtm from Jlédﬂkr)feh mhamloa&anh tmd)ﬁ 0 42dms
(SRS oms s ogio Sy P & PR o PR Ghemicals,

Whgidg8RCDE! T%&a%io?%rﬁerﬁe@&@ ik &Y Al Ghehited & 172}5@@%% vaouum at

hour to renove the xylene. Zinc acetate (O.
1 p arm merray. t'Bxetrh@tme et eampletn afterHichauesngndracsamp \wwnhleml by

. of
u?r‘%?%%%g&‘{s?@r% @e re ‘ls%tn&’gﬁa% Eu{a\flgctoglwehé\as re& uced
thcﬂ;raio@lwmfdxﬁib &ium&nﬂw&fgﬂ’mfrlgm( Sl) vacu_lIJ_hm was applied to

t he Xt ure or m nut, es e contents were
e b8 Chot ebnrtet e Jiortiey Gapersg Jgb prepared
ayd Mﬁ)ﬁvsn 61 49 gRimstEs M'l@is@oﬁylﬁirﬁéﬁox {%@ rBﬂlc‘bﬁés C&Be

OH equi val ent was determ ned to be H a

Adsiant MBo 0igramhs ’smeﬂmwauomgl and|1009 gmsgmwﬁs%% @th%idal
I T
s e GBI 1 BB BT, I iR Sl 1) Erelle hng
ahd thea plaoed aquiopgrest wd?bga?g@chm mﬁdtuae tévéai tlhen dnadhi’hl a ﬂow)
it e equi val ent s
iy en g 03T 103 oris Bty pATERIN® sl va et o)
t et r agiViopepPhitRdhated Sm%msiansp&%t WRR phdphred A8 FARWSE: A

were stirred and heated to 150 C with a constant
refictor eguippeguvithea mithanicaltimen nitwaen pusagapd distiHation appdsefus was

BB R RS o BBt e BlRE, 2R bR Rlblg from
DuPoht (ahehﬁmg &Vilmimptonr DH), memglle@mglym ihgvihg ﬁfmol&nlhi? Weight of

08 115 cerens, 28 i, i pETeian ool e Plasies o,

184, (d0vE The BOW OPlbﬁlidAD@&n?éHy ﬁhd!lﬁﬁi RReshd o1 ghréBerleGlykol havin
quI val ents) Tone 305 ?n Dow Chefi cal C%{r Xn%)% &

amqleqyas wsighd oH’ag$22.3 grams, 0.288 moles, available from Al ich Chemical

Co., Milwaukee, WI), and xylene (75 grams). The reactor was slowly heated to 220 °C for

about 1 hour to remove the xylene. Zinc acetate (0.2 gram) was then added to the reactor

and the temperature was held at 220 °C for 4 hours with concomitant distillation of
methanol from the reaction. The temperature was reduced to about 160 °C and 0.2 Torr
(SI) vacuum was applied to the resulting mixture for 30 minutes. The contents were
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equi val ents) tetrachl orophthalic anhydride from Al drich
Chemi cal. The reactor contents 15 were stirred and

heated to 105 C with a constant nitrogen purge. The
reaction was conplete after 4 hours and a sanple was

anal yzed by infrared spectroscopy. The final r oduct
Wéo“&“’&l@ar | ow viscosity liquid with a t he&Ca{ySgepe/029840
acid equi val ent wei ght of 3,100. 20 Sanpl e Preparation
Except as noted in specific Exanples, dispersant or

covlxd tor ROST whidamritregen s yieks clewej iploeliss pulywlaTheaOteqgivalest was

cefblmined 5 v he Bl O o B A Gl e d B AR pghy
fﬁﬁﬂ&@ﬂészaxﬁﬁﬁﬂﬁméﬂnm@m@dn‘&ﬁﬂfsam(S) and the
m xture was stirred wth a nmetal spatula until the

di sp&FSBAHATGEE 33U|”1. 4n ienieslisprrsens wan prepared as fallepsoiTp a
%@E%%ﬁd@ e, Ldnifacaak l:rC %ée% Sp%g%e\gastaﬁ cm?S grams

arrier ol entla
(8,024 1t égniyalentshHATE 013471 @ad 344@@:5:40@131 zmnwhlmts)l buti on.

oG A Y SO N BALLE] £ hentd t0 150 C wit
a%ﬁﬁﬁft%ggbg ﬁr?@rTﬂe%adﬁbh wabbOthplER aftbr J‘hcﬁzrsnﬁidad saftipfl Was2

bef ore he next distribution of thernall
andmmddmm@arecbmectmbw The finslesdust was 2 brewnhlewrasdosity liquid

ti s heated in an 30 oven
“g%fgtﬂ%mf%l%é‘gaac"gv# é{c(gqlrétl)%of the conposition to
f aci FTONESOBTDOPRY, @f 1ohibehspblbﬂﬁ,n(ﬁds| prepacsddiy €éllowe: To a reactor
particles and/or subsequent additions of@; her nal I
cRRRRACHitly R mechamicglshoTen FRORITREEn ReEs Vs Added Hherie (0.1

eVl eTone TSR SHmIR LY, &qu}’%ﬂgé{ Qyasgses

vveretransferre |ntoa sto | ass
equizdlents)ltetrashloeaphitiabic anhytidde fiem dirich Chemicatt Thereactor contents

| d f
R s 350 PR R 05 PR R AR e Pl BRI
coinpletel dfidt 4 Dourdard Dsabplowhedngl zedThieinfaied @fb’ecﬁf)scbpy‘faﬂliﬁ gl

di spersant necessary for the formul atigon was th
PERIUE! WS fedeaRr oW WESCOSHR IgHIS 1B theoraticahpcith eqpivalent weight of

3/1@0Ri ning steps are identical to those described
above. Exanples 1- 64 10 The conpositions of Exanples
1-64 are shown in TABLE 1. The conpositions of

S%g@ es A-ON and 65-74 are shown in TABLE 2. TABLE 3
esulting from the neasurenent of bulk

c on dEﬁédehi noteiif spedHtc BMamples pdlspeesant @ inis@testidasbersants was
nmples. TABLE 4 shows viscosity data for selected

“Es&bﬁ%rr%%a wetshgHsy. ARy @k%rrﬁﬁxféce@ﬁwq ipgredientsif pisasndatare also
“1(3%59? bitd 'ﬂﬁc \E@t&ﬁ %lﬁése d:)al('nc? bfi(s5, 3 frb&he wab Bddel 9 the Wspérant(s) and
the rmxture was stu'red with a metal sPatula until the dispersant(s) was fully mixed into the
carrier oil. Thermally conductive particles were added to the dispersant(s)/carrier oil
mixture sequentially, starting with the smallest particle size distribution. Each of the
thermally conductive particle distributions was dispersed into the dispersant(s)/carrier oil
mixture with a metal spatula before adding the next distribution of thermally conductive
particles. If necessary, the thermally conductive grease composition was heated in an
oven (110 °C) to reduce the viscosity of the composition to facilitate mixing of the

thermally conductive particles and/or subsequent additions of thermally conductive
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m m Exanpl e HATCOL SCOLSPERSE - -

(0, 36) 20000 4000 400
HATCOL (0.3) (3.0) (35)
SOLSPERSE - -

400

(0.37);
We340708135 037)

Exanp

(0.32);

3 1106 39000 20000 4000 400 (0. 42);
(2.91) (3.84)
parivigs] FheHeFOGnt SEnSMyREAiucHBOGBeOReredrapsftre S ROOMAREREDIn

s

Part i
oh

400
glasg ¥

€

S YD ity o frling

HATCOL (0.3) (3.0) (35)

y
I
C epéjl%: (9), (gtzl égéh(g) !!gr%)

.60) (0.90) (5.28) (7.40) (9.81)
_ %0 20071019125 PCTI US20061029840 Exantile
Car r ijf based whdst SRaRsAAl abzﬁﬂ@m@@fﬁc{éatgﬁgwfz%éd?@ao 5
onductivgpedisle disgyptionyano

HATCOL (0. 3)
| e HATCOL SOLSPERSE - - REE
(0.35) (2.07)

3371 (0. 42)

GC GC GC 1 1106 39000
(2.12) (2.97) (3.92)
3371 0.32 Exanpl e HATCOL

GC GC GC 2 1106 39000 (0.36) 20000 4000
(2.08) (2.97) (3.88)

niszingzsso

0.3) {3.0)

k& It amount
DéO, m

o 00 o e

defpfihed AADO2s 0 GhedQ 6 @.vaHch gl4s.3ie r¢rRaifiny s{ePs AO)idenHcd 29

those described above.

Examples 1- 64

The compositions of Examples 1-64 are shown in TABLE 1. The compositions of

Examples A-N and 65-74 are shown in TABLE 2. TABLE 3 shows data resulting from
the measurement of bulk conductivity and thermal impedance for selected Examples.
TABLE 4 shows viscosity data for selected Examples.

TABLE 1
Example | Carrier Qil | Dispersant Dispersant Particle | Particle | Particle
(2 () 9] (g) () (8
(Dsg, (Dsg, (Dsa,
pm) | pm) | pm)
Example | HATCOL | SOLSPERSE - GC GC GC
1 1106 | 39000 (0.36) 20000 | 4000 | 400
(0.32); (2.12) | 297 | (3.92)
HATCOL 03) | G0 | (3%
3371(0.32) |
Example | HATCOL | SOLSPERSE - GC GC GC
2 1106 | 39000 (0.36) 20000 | 4000 | 400
0.37); (2.08) | (297 | (3.88)
HATCOL 03 | 3.0) | (35
3371
0.37)
Example {| HATCOL | SOLSPERSE - GC GC GC
3 1106 39000 20000 | 4000 | 400
(0.42); (0.35) (.07 | 2.91) | (3.84)
HATCOL 03) | 3.0 | 35
3371
(0.42)
Example | HATCOL | SOLSPERSE - GC GC GC
4 3371 39000 20000 | 4000 | 400
(1.60) (0.90) (5.28) | (7.40) | (9.81)
- 03 | 30 | 35 |
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(0.3) (3.0) (35)

39000 (1.10) 20000 4000 400
3.0 (35) Exanple HATCOL SOLSPERSE GAFAC RE 610 GC

(0. 3)

GC GC 8 1106 39000 (0.09) 20000 4000 400
(0.27) (2.10) (2.93) (3.89)
| e HATCOL SOLSPERSE HI MOD (BCT(HS2045/02940

WQ2007009125)  Exanp

1106 39000 (0.09) 20000 4000 400 (0.37);

Exanpl e - SOLSPERSE - -

GC GC GC 7
(2.09) (2.93) (3.90)

(0.37);
HATCOL (0.3) (3.0) (35)

(0.27) (2.09)

(2.94) (3,88) HATCOL (0.3) (3.0) (35) 3371 0.3
Exbngplen| @artd (G0 Bisb&GRERSE GAFAlis 10 GC|EBatice | Phtids 7]!article
39000 (0(@8) >ooo $000( 400 (0. @) (0. 18) (@)1) @ %) @
(3.87) (0.3) %(35 Exanpl e HATCOL PER$Ds, | (Dso,
GAFAC RE 610 GC GC 1] 3371 39000 (0. osb) Hz,go Oﬁ,gpo um)

Z. 92 O. 0Y
Ex'aggﬁe I%?Amﬂ i\ Eg%% PERSE TCPA HATCOL 25
1 e7lgg§§oo 00 4000 400 (O,:
(109)] (£ 04) LIP) _ _C35) Exa
ERSE L t ] :
Examplgd) HAGEOH 48 .37); (0727) (2.
(8. 8d) 3BArooL (39990 (3/0) (35) 3371 (0.
(0.85) (0.35)
Example - SOLSPERSE -
7 39000 (1.10)
Example | HATCOL | SOLSPERSE |  GAFAC RE 610
8 1106 39000 (0.09)
(0.37% (0.27)
HATCOL
3371
(0.37)
Example | HATCOL | SOLSPERSE HIMOD GC | 6C | @C
9 1106 39000 (0.09) 20000 | 4000 | 400
0.37; 0.27) 2.09) | (2.94) | (3.88)
HATCOL ©3) | (3.0) | (35
3371
(0.37)
Example | HATCOL | SOLSPERSE |  GAFAC RE 610 GC | 6C | GC
10 3371 39000 (0.18) 20000 | 4000 | 400
(0.75) (0.18) 2.10) | (2.92) | (3.87)
©3) | (3.0 | (35)
Example | HATCOL | SOLSPERSE | GAFAC RE 610 GC | GC | GC
11 3371 39000 (0.09) 20000 | 4000 | 400
(0.74) 027) (2.09) | (2.92) | (3.89)
03 | G0 | @335
Example | HATCOL | SOLSPERSE | TCPA HATCOL 3371 | GC | GC | GC
12 3371 39000 (0.27) 20000 | 4000 | 400
0.57) 027) 2.09) | (2.94) | (3.90)
03 | 3.0 | 35
Example | HATCOL | SOLSPERSE | Lithium Stearate GC | GC | GC
13 1106 39000 (0.09) 20000 | 4000 | 400
(0.37); 027) (2.08) | (2.93) | (3.89)
HATCOL 03) | 30 | (35
3371
0.37)
Example | HATCOL | SOLSPERSE | 2,2’ Bypyridylethylene | GC | GC | GC
14 3371 39000 bis-salicylimine 20000 | 4000 | 400
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Exanpl e HATCOL SOLSPERSE 2, 2' Bypyri dyl et hyl ene GC GC
GC 14 3371 39040 bis-salic |imne 20000 4000 400 -17
WO 2007/ 019125 PCTI US2006/ 029840 Exanple Carrier G|
Di spersant Dispersant Particle Particle Particle (S)

(g) (9) (9) (9) (9)
WO 2e8P19128 02) (0.50) (0.70) (0. 93)

gBp!
GC 15 3371 39

00 _(0.02)

(Dso,

(D50, (D50,

0.3 (

20000_4000Q_400 _ (

mmm

3. O)PCS‘QJSZOO)6/029840
Exarrpl e HATCOL SOLSPERSE Et hyl ene bis-sal ycinmine GC GC

015)(

0.08)

Exgfipled )Capfier€¥) ant0}3 (3. Exa icle | Particle
SOLSPERSE)BYK| 361 (BC GC|GC 16 6871 3900( ((g)osp 26000 (g)
4000 {400 (0. 16) (0.09) {(0,53) (0.74) (0. 9@)50(0 Wso, | (Dsos
(3.0) 35) Exanpl e HELOXY SOLSPERSE -- GC 11‘)7L ym)
3900( JUU U863 0] 2. 10
(0. 3) E30J0) 35 (Gggpn;)l b HgEL(OX (SPERs)a %?3% 5@}9\& )(2?;95?
EA8-7 439000 "Wm 56 5
ke YRR ks 00 % 52 EEA dj@qﬁmi T 9

71 3 3 30000 400 )4 @g
(2. 07 5021 0) (3( ) 0.25) (3.0) (30) a )3ﬁ pe0-92)
sa QPERQF - GC_GC 20 (0_85)_ 39000 2 32@}00@&&0 (33)

Exemples) HATCOT) | SOLSBEREE [83) BYS 3610 35) | Ex@np| eOFONE GC

365 SOLSBERSE| Sul3v0btt ed Bi s(péMAne GC G080 | 4000 | 400
(0.16) (0.09) (0.53) | (0.74) | (0.98)
©3) | 30 | 69

Exampie | HELOXY | SOLSPERSE - GC | GC | GC

17 7 39000 20000 | 4000 | 400
(0.83) 0.27) 2.10) | (2.92) | (3.87)
©3) 1 G9 | (3%

Example | HELOXY | SOLSPERSE = WA | WA | WA |

18 71 39000 30000 | 4000 | 500
(0.94) (0.26) (2.09) | 3.00) | (3.83)
025 | 3.0 | 30

Example | HATCOL | SOLSPERSE - WA | WA | WA

19 3371 39000 30000 | 4000 | 500
(0.94) (0.26) .07 | (2.90) | (3.83)
025) | (3.0) | (0) |

Example | TONE 305 | SOLSPERSE - GC | GC | GC |

20 (0.85) 39000 20000 | 4000 | 400
(0.35) 2.07) | (2.90) | (3.83)
©3) | 60 | 69

Example | TONE 305 | SOLSPERSE | Sulfonated Bis(pentane | GC GC GC

21 (0.75) 39000 dicaprolactone) 20000 | 4000 | 400
0.27) (0.09) (2.09) | (2.94) | (3.88)
03) | (3.0) | (35

Example | TONE 305 | SOLSPERSE | TCPA modified TONE | GC | GC | OC

22 (0.85) 39000 305 20000 | 4000 | 400
(0.26) (0.09) 2.07) | (2.90) | (3.83)
03) | 30 |. 335

Example | TONE 305 | SOLSPERSE | GAFAC RE 610 GC | GC | GC

23 (0.85) 39000 (0.09) 20000 | 4000 | 400
(0.26) @.07) | (291) | (3.85)
03 1 G0 33)

Example | TONE 305 | SOLSPERSE = GC | GC | 6&C

24 (0.75) 39000 20000 | 4000 | 400
(0.36) (2.08) | (2.93) | (3.88)

©03) | G0) | (35

| Example | HATCOL | SOLSPERSE | GAFAC RE 610 GC_ | GC | 6C |
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21 (0.75) 39000 dicaprol actone) 20000 4000 400
(0.09) (2.09) (2.94) (3.88)

(0.3) 3.0

(0. 27)
(35) Exanple

TONE 305 SCLSPERSE TCPA nodified TONE GC GC GC 22

(0.85) 39000 305 20000 4000 400

(0.26) (0.09) (2.07)

(3.83) (0.3) 3.0 35 Exanple TONE 305 SOLSPERSE

ARV

4000 400 (0.26) (2.07) (2.91) (3.85)

10 GC GC GC 23 (0.85) 39000 (0.09)PCI{EA6/029840

(0.3) (3.0) 35)

Exa e _TONE 305 SO SPERSE - - (I:CI:CI:74 (Q_75) 3900
Exange( Disger 2.08 (3. BRarticleq Partivle| Particle
(35 Exanf{gle 1LATCQ) SOLSPERSE G@FAC RE 610 (€C G¢C @& (8)
-18 WO 2007/ 019125 PCT/ US2006/ 029840 Ex n{idse, QAI(Dsoer (Dso,
Q| Dispersant Dispersaht Particle Parti¢l anPar|tijghe | pm)
£9) (9)36m (D) Bagoo(9)| (Dso, @(@o (Ds zoom m ape®e | 400

3371 9€pﬁ3(0 095 ﬂpOO 4000 4 (0.74)
(2.99) 0) 33()(3& Bmmﬂekm
BT ng%gt ? é;’
am SE GAFA 610 GC
39000 (& o] 400 (0.74) (0.27 (EQ
(3-88) 10& (3 QL ?'% Exampl e _HATCA
Exsuple ¢ HASEOEC 80L 37 GABNORE 610 GC
@%nt#nedﬁblcaoroﬁ%@%bne 20000 @d 400 | 20000 | 4000 | 400
(0.74) 0.27) (2.09) | (2.93) | (3.88)
(03 | (3.0 (35) |
Example | HATCOL | SOLSPERSE Sulfonated GC GC GC
28 3371 39000 pentanediolcaprolactone | 20000 | 4000 400
(0.74) (0.27) (0.09) (2.09) | (2.93) | (3.89)
©3) | 3.0 | 3%
Example | HATCOL | SOLSPERSE - GC GC F180
29 3371 39000 20000 | 2000 SiC
(0.74) (0.36) (2.09) | (2.93) | (3.88)
(03) | (9.0) | (80)
Example | HATCOL | SOLSPERSE - GC GC F180
30 1106 39000 20000 | 2000 SiC
(0.74) (0.36) (2.10) | (2.93) | (3.89)
0.3) 1 9.0 (80)
Example { HATCOL | SOLSPERSE -- GC GC F180
31 3371 39000 20000 | 2000 SiC
(0.74) (0.36) (2.09) | 2.94) | (3.88)
03) | 9.0 | (B0
Example | HATCOL | SOLSPERSE GAFACRE 610 GC GC F180
32 3371 39000 (0.09) 20000 | 1200 SiC
(0.74) (0.27) (2.09) | (2.93) | (3.89)
(0.3) | (13.5) | (80)
Example | HATCOL | SOLSPERSE PEG Distearate GC GC F180
33 3371 39000 (0.09) 20000 | 2000 SiC
(0.74) (0.27) (2.10) | (293) | (3.88)
(03) | 0.0 | (80)
Example | HATCOL | SOLSPERSE | iC8 Modified silica GC GC F180
34 3371 39000 nanoparticles 20000 | 2000 Sic
(0.74) (0.36) (0.01) (.09 | (2.93) | (3.89)
03) | 0.0 | (80)
Example { HATCOL | SOLSPERSE GAFACRE 610 GC GC F180
35 1106 39000 (0.09) 20000 | 2000 | SiC
(0.74) (0.28) (.09) | (2.93) | 3.88)
©3) | 00 | (80)
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(0.74) (0.27) (0.09) (2.09) (2.93) (3.809)

(35) Exanpl € HATCOL SOLSPERSE - -

(0.3 (3.0)

GC G&C F180 29 3371

39000 20000 2000 SiC (0.74) (0.36) (2.09) (2.93)

(3.88) (0.3) 9.0 (80 Exanp

F180 30 1106 39000 20000 2000 Si C (0.74) (0. 36
WQ2003919123. 89)

(0.3) o.

0) (80) Exanp

| e HATCOL SOLSPERSE - -

ce
(2.1

GC
0

| e HATCRET/US2006/029840

SOLSPERSE -- GC GC F180 31 3371 39000 20000 2000 Si C
. [%@%% 94) (3.88)  0.3).(9 0) (8Q) ___
i E GAF 10 igle § @artizle | Particle
. 09)(g20000| 1200 Si@ (0.74)} (€er7) (@09 (&
(2.98) (3.89) (0.3) (13, 5) 80 Exanple HATOS, $OUSRBERSEDs),
PEG Di stearatle GC GC FIBO 33 3371 39000/ ( inf)9) %ig@oo pm)
Exafd® | SI C..(0, 1B01dPERSE (2. 10) (2. 93) (3.B8pp10.13 DP 2
§60) | Exanpl g SAQLSPERSE i CS Modi f @Ilgjl 350 (4.04)
G&C F|180 34 '1371( 00 panoparticles 2000 3 ?@m %55 (30)
(0.74) (0.36)| (0 01 ) (2,09) (2.93) (3.89)
£80bxarpleHATCY ERSE—-GAFAC-RE—6t SEELBp
Exf‘g‘ﬁi %@o 00 20007SiC (O. 7333 02 DP 2
.o< 3) %3’3 0.B) (9.0) 80) -19 lbdw %@12@402)
PCTI 0848058 annl e _Carrier Gl D 4828 (30)
Examplp e rfb%\mobar&m@?'f’@m ticle article (g)| (8F 1(d) DPp | DP2
88) (g)23q0D5d, (30 (Dso, 214) 1 3.03) | (4.03)
(0.52) (0.28) (025 | 3.0) | (30)
Example | HATCOL | SOLSPERSE - DP1 | DP2 | DP2
39 2930 39000 (2.18) | (3.05) | (4.02)
(0.52) (0.28) (025) | (3.0) | (30)
Example | HATCOL | SOLSPERSE - DP1 | DP2 | DP2
40 3165 39000 (2.15) | 3.04) | (4.02)
(0.52) (0.28) 025 | 3.0 | (30)
Example | HATCOL | SOLSPERSE - DP1 | DP2 | DP2
41 3371 39000 (2.18) | (3.04) | (4.02)
(0.52) (0.28) 025 | 3.0 | (30)
Example | HATCOL | SOLSPERSE - GC | G€ ! 6C
42 3371 39000 20000 | 4000 | 400
(0.83) (0.27) (209 | 292) | (3.89)
Example | HELOXY | SOLSPERSE - DP1 | DP2 | DP2
43 71 39000 (2.10) | (2.93) | (3.89)
0749 |  (0.36) (025 | (6.0) | (60)
Example | HELOXY | SOLSPERSE - DP2 | DP2 | DP2
44 (1) 71 39000 (0.83) | (1.43) | (2.53)
(0.52) (0.28) ©D | 0.0 | 0.0
Example | HELOXY | SOLSPERSE - DP! | DP2 | DP2
45 71 39000 (5.40) | (7.58) | (10.0)
(1.08) (0.92) (0.25) | (6.0) | (60)
Example | HATCOL | SOLSPERSE - DP1 | DP2 | DP2
46 1106 24000 (3.55) | (6.50) | (11.0)
(1.15) l 0.13) 025 | 3.0 | G0
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m m m Exanpl e -- SOLSPERSE - -
(2.16) (3.03) (4.04)
HATCOL SOLSPERSE - -

(3.03) (4.02)

WIM)

' 03)

SPERSE - -

DP

(4,03)

DP |

DP 1 DP 2 DP 2 36 39000
(0.80) (0.25) (3.0) (30) Exanple

DP 2 DP 2 37 2300 39000 (2.19)
(0.25) (0.55 (0.25) (3.0) (30) Exanple

%%8’8.%8%08 029844

DP 2

DP 2 38 2300
(0.52) (0.28) (0.25) (
DP 2

Exanpl e HATCOL SOLSPERSE -- DPI DP 2' 39 2930
/') :I_Q\ ')_n:L /JI \ Ir\ I:QL LO.- 2Q Ao WY =AY
Exomsio Earrier Gl |, PERS 15per: \T"i icle _%glf Particle
3165 |30068 (2| 15) ®53, 04) (4.02)® (0. SZ)DﬁO' ) l(o®@s)] ©
(3.0) (30) Exanpl e HATCOL SOLSPERSE -- DP > (B2 (Dso,
41 3371 39000/ (2. 18) (3/04) (4 02) (0.52) ypm) | pm)
Ex@oples)HATCOL ( SOLSBER$B| e HATCO-- SOLSPER EEDP-l GCIB2 e DP 2
47 3371 130600] 2009004000 400 (0.83) (0.2 loea.66) | (7.94)
(B.92) (B5189) | Exqbplle HELOXY SOLSPERSE - BOP P (30)
Exdmplé]l BAPOOL(PSOOSPERSO]) (3.89)- (0.74) ©P? | DP2
4g- 0) (QQMEth'pIQQQﬂf(ELOKY SOLSPERSE - - Dﬂ’ 22 ®n2| (7.96)
A1) 733000 ( (1.43) (2.53) (0. (@) | (o
(| 1
TR e B 100 (.99 (el aon
E45')1é1 2 [50) (11.0) —(1.1(Q:Z \%P'Q% 1331)0)2
x -
&Y I(Iéil 6 2.99) | (3.97)
@ (0.73) ©21) 6.0) | (30)
Example | HELOXY | SOLSPERSE - DPF2 | DP2
51 71 24000 2.96) | (3.98)
@) (0.74) ©21) 6.0) | (30)
Example | HATCOL | SOLSPERSE - DP2 | DP2
52 1106 24000 (2.98) | (4.00)
@) (0.74) (0.25) 6.0) | (45)
Example | HELOXY | SOLSPERSE - DP2 | DP2
53 71 24000 297 | (3.98)
@ | (0.76) 0.24) 6.0) | (45
Example | HELOXY | SOLSPERSE -~ DP2 | DP2
54 71 24000 (3.08) | (4.05)
(2 1 (0.63) 0.04) (B0 | (30
Example | HELOXY | SOLSPERSE = DP2 | DP2
55 71 39000 (3.06) | (4.05)
064 | (0.16) (.0 | (G0
Example | HELOXY | SOLSPERSE - DP2 | DP2
56 71 39000 (3.04) | (4.63)
045) | ©.15) EOIED)
Example | HELOXY | SOLSPERSE - DP2 | DP2
57 71 39000 (.02) | (4.28)
(0.55) ©.15) G0 | G0
Example | HATCOL | SOLSPERSE - DP2 | DP2
58 2949 39000 (G.02) | @.03)
(0.64) ©.17) 6.0y | (30)
Example | HATCOL | SOLSPERSE - DP2 | DP2
59 2300 39000 (3.02) | (4.02)
(0.64) (0.17) G0 | 60 |
Example | HATCOL | SOLSPERSE - DP2 | DP2
60 2999 39000 (3.04) | @.01)
(0.64) ©.17) G.0) | (G0 |
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WD 2007/ 019125 PCTI US2006/ 029840 Exanple Carrier QO

Di sper sant

Di sper sant

(9) (9) (9) (9) (9

HATCCOL SOLSPERSE - -

{828

66) (7,94)

Particle Particle
(DSO, (DSo, (D50,

(2) (0.51) (0.31)

Particle (g)
m m Exanpl e

DP 1 DP 2 DP 2 47 1106 24000

TCOL SOLSPERSE - -

DP 1 DP 2 DP 2

24000 (2 53) (4.67) (7.96)

(2) (0. 35) 0.4

° Forigfyhiton

6025(30)

Exé;g@@ i 1SDOT. "Lyaaﬂﬁg g(g@t 51 o AP 1c P cle Particle
(3.0) (3 Exarrplé)HATdJ_(SC]_SP@SE --) EhP [2 (8)
50 1706 24000| (2.14) (2199) (3.97) (2) (oBw) (@201)@ (Dso,
1.0 (6.0) (30} Exanple HELOXY SO SPERSE DPMMDR upp p pm)

Exaiple] HATOOL( PSORSPERSES) (3. 98y~ (2) 0. 74DPA. 21)DP20) DP2
66. 0)] (3050 EXpnpBBOMATCOL SOLSPERSE - Dpel(ztw)g 0D | (4.03)
52 1106(®8000| (2(0.07) (2]/98) (4.00) (2) 0.@2s§d. 25)) 0| 5(30)

Exbfipe [(BED.OX¥a [TROESPERSEY SOLSPERSE - - DPIT pPR 2‘%% DP 2
6 7] 24890 (P 18podi2 O7) (3.98) (2) (0176Naf0 fhoa) | (4.00
(0.5) 6Pe$45) Exgqpl e HELOXY SOLSPERSE | @E@LI p? (30)
—oA- 1400 P Uo 465 20 :

Exg 83‘6?177 np @f gS(lJSP(ERSE f)P - K V Fsllgo

004 (2. 4.05) (0.64) (0.16
(30) E>(< %)e HEL 7)SO|_5P)ERS(E - )DP(I DP} 2 é Y71 (3.96)
39000 (1 78) (3 04) (4 63) Q. 45 (Q_15) (0 25) (3 ol

Exugple | HELOXY [ SOLSPERSE -~ DP 1 GC

64 71 39000 (1,91) 4000 700
(0.70) (0.20) (0.25)

(2.67) L(3.54)

(1) Example 44 contained a 4 thermally conductive particle: DP 2, (4.41 grams),
(60 pm).

(2) Examples 46-48 and 50-54 used 0.25, 0.50, or 1.0 um pre-dispersed diamond
particles prepared according to the Milling Procedure and Sample Preparation

described above.

Examples A-N and 65-74

Except as noted below, the components were individually weighed into a watch
glass and mixed as follows. The silica, antioxidant, dispersants, and the carrier oil were
initially combined with both the fine and the medium thermally conductive particles by
stirring with a metal spatula until the combination of ingredients was a smooth and
uniform blend. The largest particles were then added and the contents of the watch glass
were again stirred/kneaded with the metal spatula until the composite was a smooth and
uniform blend. If necessary, the thermally conductive grease composition was heated in
an oven (110 °C) to reduce the viscosity of the composition to facilitate mixing of the
thermally conductive particles and/or subsequent additions of thermally conductive
particles. The resultant thermally conductive greases were transferred into and stored in
capped glass vials.

The preparation of certain samples was the same as above except that about 16.5

grams of a pre-blend of antioxidant, silica, dispersants, and carrier fluid was prepared.
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10

e —— . e

Exanpl e HELOXY SOLSPERSE -- DP 1 DP 2 DP 2 57 71 39000

(1.90) (3.02) (4.28) (0.55 (0.15 (0.25) (3.0) (30)

Exanpl e HATCOL SOLSPERSE -- DP | DP 2 DP 2 58 2949

39000 (2.17) (3.02) (4.03) (0.64) 0.17 0.25) 3.0) 30)
TCOL SOLSPERSE -- DP | DP 2 DP 2

%3%}0?9215%9) (3.02) (4.02) (0.64) 10.17 (0. Ferioiithgsnio

Exanpl e HATCOL SOLSPERSE - - DP 2 DP 2 60 2999

3 i 00 O BB

sBicothRind maifsmmbleid. SPensantcldia matahl glasPabdut 01824 Baitd ofthepre-

. 0,.(D50, (D50, :
bt bt ¥ st o Yherg gt vepasscl e aggbined
vaaDiPrA i élﬁ))weﬁ:bg% lak st cle@.- Pl Ebrihih dalhplhnd &eg}e.ma@a
Exanpl € HELOXY SOLSP DP 1 DP2DP2 62 505

@YPOTiti¢rs, qm#esgmbedéa)elm 04) (0.63) 0.17 (0.25) (3.0)
(30) Exanpl e HELOXY S(lSPERSE - - GC GC F180 63 71

i j I 2 _
Ex SPERLAT oy ASReERRERd % T87 71 g0 Blend
( ppopent

poag®o_7n0 _ (dEro) ( 90 57) (3

QL A106coht ai n8d0a” 40'| thé nﬁ&’@f@eﬂllﬂﬁ:tl 8.4

paBOLSPERSIDP P, (4.41 grars),| (60 m. (2) Exanples
46- 489008d 50- 54 usé&d00. 25,| 0. FBOLSPERSE h0¥bel di spéred
di RHODAFAG@rt| cl es prepardgd ag¢cording to the ['1ing
Pr ocrggr® and; Sanpli@3Prepadr at | RHODAHasXRES®d above,84
IRGANOX 1010 0.0076 IRGANOX 1010 0.159
Colloidal Silica | 0.025 Colloidal Silica 0.479
Total Weight: | 16.4626 | Total Weight: 16.488

Examples J, K, L, and I were prepared using Pre-blend A. Examples 65, 67, and 71 and
Examples M and N were prepared using Pre-blend B.

TABLE 2
T
Antioxidant
(=) Particle Particle Particle
Carrier Dispersant Dispersant Silica &) {2) ()
Example | Oil (g) (=) (& = (® Diso (1) Dsp (1) Dso (1)
| IRGANOX
1010 KADOX
. | HATCOL | SOLSPERSE | RHODAFAC (0.0004) 911 Sph. Al WAS00
Example 1106 39000 RE-610 0X-50 (1.31) (2.62) (5.24)
I (0.45) 027 {0.09) (0.0013) .0 (3-4.5) {30)
IRGANOX
1010 KADOX
HATCOL | SOLSPERSE | RHODAFAC (0.0004) 911 Sph. Al GC F320
Example 1106 39000 RE-610 0X-50 (1.30) (2.62) (5.24)
J (0.45) 027 (0.09) (0.0013) (0.1) (3-4.5) 29
IRGANOX
1010 KADOX
HATCOL | SOLSPERSE | RHODAFAC | (0.0075) 911 Sph. Al GC600
Example 1106 16000 RE-6010 0X-50 (1.31) (2.62) (5.24)
A | (042 ©027) _ (009 (0.024) 0.1) (3-4.5) (20
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gl ass and m xed as follows. The silica,

R
Exanpl es A-N and 65-74 Except as noted bel ow,
conponents were individually weighed into a watch

di spersants,

w6

éNIth both the fine and the nmediumt

and t he

carrier

oil were

10 i ni

con uctlve particles by stirring with a netal

unti |

t he conbi nati on of

t he

ant i oxi dant,

tially

spatul a

herRbb0/029840

i ngredi ents was a snoot h and

t-Ferm-bterd—Thet+argest—partietes—ypere—t hen—added
and tihe contlents of the watch| gl@S&m: Yere aggin
sti rrepl/kneénded W thithe neta “Spatul a phdclel [t P@ticle | Perticle
coNPJsidagier\AS Dipeisa® 01 hDigwadant UNI fgkian bl endy) || (@) (2
ag%samm) tthe teher mal | yggonduct ime gt eBs@c nma&(il)ti 0o (1)
was Heated i[n 15 an pven (110 BGANX educe t
viscdsity of the conposition fo iagjl tl"a"tQOXn XI ng
Lhe [t ||89L%P@ﬁ§% FRHQRBAF: ti@l"@;!%)a d/(%"ﬁ;% ybs$ ébrit ?fgg;’
?ggytei; 2‘1E~:§2 "L-OT CI‘[IG‘I I7 JZ'IIU ) uc Q2&£§ :TV&QI%‘L—[ 1 allJlﬁ)%reéJ&O)
intoland stgred in %apped gI pékgtio\{ a >KA'B@(Hrepar atji on
of Cdrﬁﬂc@w BDIFRRSMORHODRF A[TE fo%ﬁ’n? bVesvs%XCE IOtSptI Ret| Gesoo
Akt 16106 |20 1400ens | Of Rege1pr eF bloah of  andsh oXi dasd), | (s.18)
bld i da,(o.ei)ysper s@aT s, | and.oear r| eqo.R2ui d vwas) priegas.sd.|  (20) |
-22 2007//019125 PCTI US2006/ 029840 | The mijture was
stirrled witR a netal |[spatul a pmgGANGhe conbination df
i ngredi ents |jwas a shoot h and} uni®®r m MK |Then on a
Egl ean Mﬁ%@h é%%?@fl&% g&tl%gg\;a? gf0RP§00 f “2%” re-WbﬁQﬁ;ﬁd S(l;hz-‘gl
*ot he fi and t d er malY)-34) can ive b
e W%KQM%J RGP CIncB e
Iargest partli cl es. The certai mé%ﬁﬂ 5 ;ﬁ]e
pr e- HIeRop | S8 MARk: RAGDAFAL Ieﬁ)%sio?ed 0OW.| GCgopo | Sph. Al
Exdnipf- (Dl gi0gl A" Aeded {0 mlqand ! Progg-del end (Blg) Added s$)o | (5.18)
Bsend (@snponend27Conpongaw) HAT@I7)1106 9310 HABOOL | (17-30)
1106 (8. 49 $OLSPERSE| 39000 5. pRGMMOXPERSE 16Q00 5.5
RHODAFAC RE%ElO 1. 83 RHODAFAC REG6INQ0 1. &34(AD ANOX 10]10
0. %?7 WTﬁghPH@RL%(g%SE DRII@%F’@) | Gi00E) 6 I(]?ld S(Q@f;o S(];hz :31
o o
W Idgffllvlaé .37;4 5 %I W%’&n 16/ 43632 ij?us}rfkéu”_m
R+ lend—A. E\(gmmp,! —65 R’7 H A1 L\( ples—\ —
and N were prepared Using Prer 1 10 TAqBLE 2
HATCOL | SOLSPERSE | RHODAFAC | (0.0004) T Dia. G Dia, G Dia.
Example | 1106 39000 RE-610 0X-50 (1.30) (2.62) (5.24)
K (0.45) (0.27) (0.09) ©.0013) | (0.25) GO |60
IRGANOX
1010
HATCOL | SOLSPERSE | RHODAFAC | (0.0087) T Dia. G Dia. G Dia.
Example | 1106 16000 RE-610 0X-50 (1.31) (2.62) (5.24)
D (0.42) 027 {0.09) (0.024) (0.25) (3.0) (30)
IRGANOX
1010
HATCOL | SOLSPERSE | RHODAFAC | (0.0077) H Dia. H Dia. H Dia.
Example | 1106 16000 RE-610 0X-50 (1.31) {2.62) (5.24)
E (042) 027 | (009 | (0.026) (0.25) (2-3) (20-30)
IRGANOX
1010 KADOX
HATCOL | SOLSPERSE | RHODAFAC | (0.0080) 911 GDia. | Sph.Al
Example | 1106 16000 RE610 0X-50 (131 (2.62) (5.24)
68 0.42) (0.27) (0.09) (0022) | (©.D (1.5) (3-4.5)
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Ant i oxi dant

Di sper sant
D5& D u ) D5

(g) Particle Particle Particle Carrier

D Mersant Silica (g) (g) (9)
| RGANOX 1010 KADOX HATCOL SOLSPERSE

Exanple it (

RHODAFAC (0.0004) 911 Sph. Al WA500 Exanple 1106 39000
VE2R3BisHs 50 (1.31) (2.62) (5.24) |

(0.0013) 011 3-4.5 30

(0. 45) @@TRJ'é)mo@mQ&m
| RGANOX 1010 KADOX HA

SQSPERSE RHODAFAC (0 0004) 911 Sph. Al GC F320
Exammte—1+106—39600-REF—610—O6X-50 (1. 30 \—2 62 \57“4) J
(0.09) (D.0013) O AntBsifenB| 29 | RGANOX 1010
t SOLSPERBE RHODAF(A ) 00753an9,fb1 SpiicteAl| Particle
Chianm| Bisgeistid }M 61X 5D (lg31) (2962) (g)
). 42)2)0. 2 0. 024 1) | 3D4(5 (2@ (- z Dso (1)
|25 PCTI Up2006/ 02 Jlg RSANMR; OXI dann (g)
ticle Particle arriﬂéq‘ D $gd1%%a persa
65)L PERSE gl]F Cdl |( D @ QA\) A S(];hzgl
)WUJ —+ ;II 1 EL—.ELllsp QB fc E.J/\' O 1) (17-30
.62) (5.24)| B 0.42 Wﬁﬁ'ﬁ? 028 0.3
3- 4. § @dcol, REONPERID L RubHAS [HAD063) SlSﬁERSH RHSIPARAEDY, Al
EkdhpQ 771)10(93& Spéooo Al | G360 Bxaipkse 11061346000 (5623610 (5.24)
O%- 50 ((@29) | (2@ (5. 18)09) (0.023) ©n | a5 | @730
TRGANOX T
1010 KADOX
HATCOL | SOLSPERSE | RHODAFAC |  (0.0079) 911 HDia. | Sph.Al
Example | 1106 16000 RE-610 0X-50 (1.31) (2.62) (5.24)
71 (0.42) (0.27) (0.09) 0.023) | (0.1 (2-3) (17-30
IRGANOX
1010 KADOX
HATCOL | SOLSPERSE | RHODAFAC |  (0.0080) 911 HDia. | HDia.
Example | 1106 16000 RE-610 0X-50 (1.30) (2.62) (5.24)
M | (042 (027 0.09) | (0.024) 0.1y (2-3) (20-30)
IRGANOX
1010 KADOX
HATCOL | SOLSPERSE | RHODAFAC |  (0.0004) 911 Sph.Al | G Dia.
Example | 1106 39000 RE-610 0X-50 (1.31) (2.62) (5.24)
L (0.45) 0.27) (0.09) (0.0013) | (0. (345 | 30
IRGANOX -
1010 KADOX
HATCOL | SOLSPERSE | RHODAFAC |  (0.0004) 911 Sph.Al | H Dia.
Example | 1106 16000 RE-610 0X-50 (1.31) (2.62) (5.24)
N (0.45) 0.27) (0.09) ©0249 | (o.n (34.5) | (20-30)
IRGANOX
1010 KADOX Nickel
HATCOL | SOLSPERSE | RHODAFAC |  (0.0066) 911 G Dia. (7.64)
Example | 1106 16000 RE-610 0X-50 (0.583) (1.18) (-400
72 (0.35) 017 (0.06) (0.018) (0.1) (3.0) Mesh)
TRGANOX
1010 KADOX Tungsten
HATCOL | SOLSPERSE | RHODAFAC | (0.0027) 911 GCA000 | (8.81)
Example | 1106 16000 RE-610 0X-50 0310 | (0.572) (-325
73 (0.16) (0.09) (0.04) | (0.0085) (0.1) (3.0) Mesh) |
B IRGANOX
1010 KADOX Tungsten
HATCOL | SOLSPERSE | RHODAFAC |  (0.0042) 9N G Dia. (8.7
Example | 1106 16000 RE-610 0X-50 (0.300) (0.62) (-325
74| (0.16) 0.09) o | @00 | @1 | (0) | Mesh
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C (o 52) 0.27 (0.09) 0.027 033-4.5 (20)

M0

KADOX HATCOL SOLSPERSE RHODAFAC (0.0080) 911 WA6000

Sph.

(5.24)

e

(1.29) (2.59) (5.18)
[a

A

Sph. A

Exanpl e 1106

16000 RE-61

| RGANOX 1010

Exanpl e 1106 16000 RE-610 OX-50 (1.31) (2, 62)
65 0.42 0.2 0.09 (0.024) (0.1) (2.0) (17-30)
0 KADOX HATCOL SOLSPERSE RHODAFAC

6&%&%2%9)029840

66 (0.52) 0.2 0.09 (0.027) (0.3)
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17220\ ID("AJLIr\\L 1n1n AR Xjuz\'rr* QULor F\QL
RH[[ﬁW%(:(o 0079) 911l GO6000 [Sphy.iAl: | Exanpl ¢ 1106
1600Q RE- 610 OX- SO (i. 31)) (2 g@mﬁcm 0 P4l |2 Barticle
0. 09 |0c@da (Opikpersant O] (Bidpedid) ___NOX 1049 PLIAT (g)
ESGh BREIREE:) RIHODARAC B.og@g) T| Di 4 G aiga;txaaﬂm Dso (1)
Exanfl e 1106 39000 RE-610 OX-SBGANGEOD) (2. 62) (5.24) K
(0.45) (0.27) 0,09 0| 0013 0.25 31000 ( 30)KADORGANCSSh. 1010
oL 1ATcI:iaﬁEPCQ;@L SP%ESEQ qp. @@@;77) T ([5?71& G ?41@91 G z I;;a)
e | 1 1 , . .
mi; %é?%ﬂ’i 42f038), 2 dg:é% o 24)20_%,%’-;%)0 (53\,, ) | @i
I RGANOX 101d HATCC]_ SC]_SPERS A qg77) H D a,
H D g.5cB g ISOL@ERE‘E’ ﬁt{éﬂﬂ@\cl @ 5 919X 30ruhted 1) Gesoo
Bket ﬁﬂ) {196 24) tedo®- 42) Rb-6400.D 52 b) (0(‘598)2EB_) (6293)| (2.66)
a@ 30)(0.2d) REAN@¥19) 10110 m@px HA'{m; SOLIPBRSE ARAC(20)
(o 0g80) 911 G Di a. Bph. EXeiox 1106 16000 RE- 610
OX-50 (1.31) (2.62) (5. 24) 1010 KADOX
HATCOL | SOLSPERSE [ RHODAFAC | (0.0048) 911 Tungsten | H Dia.
Example | 1106 16000 RE-610 0X-50 (0.539) (6.07) (2.84)
H (0.28) (019 | (0.06) | (0.015) (0.1) (-5 | (2030)
TABLE 3
| Example | Bulk Conductivity | Thermal Impedance
(W/m-K) at 100 pm meter bar
gap
(°C-cm*/W)
1 3.71 0.497
]
2 3.50 0.542
3 2.86 0.555
i
4 4,18 0.518
i ! |
5 3.53 0.476
-
6 3.21 0.602
7 4,19 0.355
8 3.74 0.520
9 342 0.548
—
L, 10 3.84 0.431




68 0 42 0 2 0 09 0.022 0.1 (1.5) (3-4.5 -24 WO

2007/ 019125 PCT/ US2006/ 029840 Anti oxidant (g) Particle
Particle Particle wier Dispersant D spersant Silica
(g9) (g9 (g am1l it Dso D5o D50 | RGANOX 1010 KADOX

@g%g%SPERSE RHODAFAC (0.0076) 930 G Di aPC?@f_@ﬁ%@bmm

06 16000 RE-610 OX-50 (1.31) (2.62)
69 0,42 0.2 0.09 (0.022) (0.3) (3.0) 17-30 | RGANOX

1010 KADOY—HATEOTSEESPERSE - RHEPAEAC -6, - 911 G
e, Sph. | ABABI 0k COBoTAt0) METBAGTBRate b 1
(2,62) (5,24) 70{(0. 4%/mOKR7 (0.H9I0 AnOBSed Barl) 1.5
(17-30) IJRGANOX 1010 KADO HATCOL SOLSPERSE RHODAFAC
(0. 0079) qp11 H Di at. Sph. Al Exanple 1886 16000| RE-610
OX-50 (1.31) (2.63) (5.24) 71 1?. 42 &4 9 0.p23
(0.1) (2-9 (17-3€L | RGANOX 10 K,&%bénﬁ}
SOLSPERSE [R FAC (0, oggg) 911 HDa, 35;14 Exanpl e
1106 16000 RE-610|OX- 50 30) 2 62) (B424) M o. 42
0.2 (0.09) 0024 »1(2@ (20- W D KADOX
HATOOL SOLLSPERSE RHODAFAGZ( 0. 00 4) 91 A G Da.
Exanpl e 1106 39000 RE-610 OX-50((I.3T) (2.62) (b.24) L
(0.45) (0.27)1%0.09) (033b13) of1 (3-# (30) | | RGANOX
1010 KADOXHATCOLTSCESPERSE—RHOPAFAC(0-—0004)—9{L1 Sph.
Al HDia. 14 3.78 0.464
[
15 3.77 0.532
16 3.58 0.555
17 4.24 0.644
18 3,86 0.547
19 3.15 0.482 o
20 3.54 0.616
L 21 3.62 0.622
22 4.10 0.608
23 3.71 0.638
]
24 3.91 0.580
—
25 3,95 0.545
R
26 3.93 0.63
27 3.44 0.605
28 3.44 0.604
29 4.45 0.652
30 3.49 0.628 B
31 3.84 0.625
L _
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e

Exanpl e 1106 16000 RE-610 OX-50 (1.31) (2.62) (5.24) N
(0.45) 0.2 0.09 0.024 (0.1) 3-4.5 (20-30)

KADOX Ni ck
Dia. (7.64

el

| RGANOX 1010

HATCOL SOLSPERSE RHODAFAC (0. 0066) 911 G
) Exanple 1106 16000 RE-610 OX- 50
wolodfhes2s 400 72 0.35) 0.1 (0.06) (0.018) O0.1P

54@&%9840

| RGANOX 1010 KADOX Tungsten HATCOL SOLSPERSE RHODAFAC

(0.0027) 911 GCA000 (8.81)

Exanpl e 1106 16000 RE-610

OX- 50 (o.31®kmﬁae57BMk¢ma&&myﬁﬁ (Qh&ﬁhlﬁm&ﬁm&m01
(0.0085) 0] .0 NbshAawBGA 1010 KADOX Tug 1en
HATCOL SCLSPERSE R ®-K9. 00423t 199 nnpmeten vt g 77)
Exanpl e 1106 16000 RE- 610 OX-50 [(0. 300),,(0. 62) (-325 74
(0.16) 0.09 0.04 (b 010) (0.1) (13.0) MEER) 25 WO
2007/ 019125 PCT/ US2006/ 029840 Ant i ofRCdanifW) g) Particle
Particl e Part+eler+Ccarrter—Dbrspersant—brspersari Sil ' ca
(9) (g) (g) Bram|c QG 13.459) D5 |D5 D500.582 | RGANOX 1010
KADOX Sph. —HATCQ SPERSE RHODAFAC (0.00774)-911
Ni ckel H D a 33Exanpl e B4¥6 16000 RE- 63.6070X- 50 (0. 789)
(4.16) (4, E (0. 42) (028 0.09 (0.024) (0 1)[<5 0.30
| RGANOX 101085? HATGQY SOLSHERSE FAC (0.0070)
911 Tungste 00 Exanple 1106 16000 RE-610 OX-50
(0.538) (6]24%s(2.66) G 0.29) [0.19 0,08 (O. 01$) 0.1
(1-5) 20) || NOX 1010 “KADOX

36 5.01 0.409

37 4.92 0.389

38 4.58 0.451

39 3.71 0.464

40 4.47 0.514

41 423 0.451

42 2,73 0.412

43 3.52 0.662

44 5.88 0.491

45 5.62 0.519

46 4.35 0.473

47 6.31 0.421

48 6.80 0.388

49 6.12 0.395

50 3.18 0.821

51 3.33 0.728

52 2.78 0.871
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HATCOL SOLSPERSE RHODAFAC (0.0048) 911 Tungsten H D a.
Exanpl e 1106 16000 RE-610 OX-50 (0.539) (6.07) (2.84)

H 0.28 0.19) 0.06 0,015 (0.1 (1-5) (20-30)

TABLE 3

Exanpl e Bul k Conductivity Thermal |npedance (W mK) at
13.71 0.497 C%/I?Sﬂgiﬁfozsmo

v’#@ Qodﬂoﬁ'@%&?

3.84 0.43]
Exanpl e Bul
100 m nete
0.425 13

3.58 0.555
20 3.54 0.

r bar gap (G cnk/W
542 3 2.86 0.555 4 4.18 0.518 535304766
0. 602 7 4.19 0.355 8 3.74 0.520 9 3,42 0.548 10

{

.52

432 16

5 0.482

26O uﬁ' 4l 02584
[ Ex&apls | ?ﬂ&qoy&ﬁ%}%{l E‘ce&‘fcg\l m K) at
r bar dap (Woak)/ W (1t wowﬂxst%ﬂﬂar 12
3.71 0,328 14 3.78 0.(464 15 3.77 O.
17 4.24 0.644 18 3,86 0.5#% 19 3.1
616 21 [3.62 0.622 (C-cm™/W)
53 2.96 0.839
54 4.11 0.535
55 4.00 0.403
56 522 0.351
57 4,92 0.372 ﬂ
58 244 0.398
59 3.35 0.514
60 3.62 0.562
61 3.56 0.596
]
62 _J 4,18 0.501
63 i 4.24 0.644
1
64 2,73 0412
Example
I 3.94 0.374 N
Example
J 4.78 0.275
Example
A 4.64 0.327
Example
B 4,59 0.336 B
Example
C 3.80 0411
Example
65 4.81 0.323
Exampie
66 5.06 0.310
Example
67 6.12 0.261
L
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22 4.10 0.608 23 3.71 0.638 24 3.91 0.580 25 3.95
0,545 26 3.93 0.63 27 3.44 0.605 28 3.44 0.604 29
4,45 0.652 30 3.49 0.628 31 3.84 0.625 -27 WO
2007/ 019125 PCT/ US2006/ 029840 Exam | e Bul k

wbahsgsyi ty Thermal |npedance (WmK) at 100CTHS2646429840
bar gap (C-cn2/W 32 3.65 0.582 33 3.28 0,507 34
3.01 0.569 35 3.63 0.595 36 5.01 0,409 37 4.92 0.389

38 4.58 0. Ffpma0 [3Bulk (AndWehvitd) ThethaDidredanch ] 4. 23
0.451 42 |2. 412 43 3.52 0.662 44 5.88 0.491 45
5.62 0.519 46 4.35 0.Q¥3-Ka7 6 |3at 10 4mmetgpdbm. 80 0. 388
49 6.12 0.|395 50 3.18 0.821
gap
(°C-cm¥/W)
Example
K 4.96 0.277
Example
D 5.05 0.315
Example
E 4.61 0.322
Example
68 5.50 0.280
Example
69 5.31 0.306
Example
70 5.27 0.263
Example
71 5.16 0.288
Example
72 3.30 0.395
Example
73 4.32 0.404
Example
74 3.94 0.404
Example
M 5.08 0.304
Example
L 4.27 0.346
Example
N 4.88 0.325
Example
F 3.23 0.377
Example
G 3.24 0.405
Example
H 3.40 0.405
CE1l 2.49 0.766
CE2 2.54 0.665
CES 3.44 0.383
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51 3.33 0.728 52 2.78 0.871

-28 WD 2007/ 019125

PCT/ US2006/ 029840 Exanpl e Bul k Conductivity Ther nal

| npedance (WmK) at 100 m neter

bar gap

(C-cn2/W 53

2.96 0.839 54 4.11 0.535 55 4.00 0.403 56 5.22 0.351

o fyittals

2.73 0.412

372 58 2.44 0.398 59 3.35 0.514

3.56 0.596 62 4.18 0.501 63 4.24 %Sz?%é’&”“"
3.94 0.374 Exanple J 4.78 0.275

Exanpl e |

Exanple A —2f—Exarpte- B4 le C
3.80 0. 411%@5@“@ cttyity )3 Th pedgrces |06
0.310 Exapple (W/m-K) at 100 pm meter bar
- gap
(°C-cm*/W)
CE4 3,39 0.344
CE 1 = ShinEtsu G751, Sample 1
CE 2 = ShinEtsu G751, Sample 2
CE 3 = Dow Corning TC5022
CE 4 = ShinEtsu G751, Sample 3
TABLE 4
Example 0.5 mm Gap 0.25 & 0.5 mm Gap Ave. 0.25 mm Gap
N (mPas)y@25°C& | NWPAS@I25°C& | pag@125°C&
1.25/sec Shear Rate 125/sec Shear Rate 1.25/sec Shear Rate
26 -- 4 4E +04 5.8E + 04
28 -- 1.1IE+ 06 1.0E + 06
30 2.7E+ 06 - 1.3E + 04
31 - 9.2E + 04 7.9E + 04
32 - 25E+04 3.8E+04
1
35 - - 1.7E + 04
—
43 - 42E+ (04 29E+ 04
—
44 - - 2.4E + 05
45 44E + 06 - -
]
CE 12E+ 06 4.3E +05 3.1E+ 05

CE = ShinEtsu G751
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5

B e T -
67 6.12 0.261 -29 WO 20071019125 PCT/ US2006/ 029840
Exam |l e Bul k Conductivity Thermal | npedance (WmK) at
100 mneter bar gap (CGcnk2/W Exanple K 4.96 0.277
Exanple D 5.05 0.315 Exanple E 4.61 0.322 Exanple 68
‘8050 0.280 Exanple 69 5.31 0.306 Exanple 70 5

383014, vl e 71 5.16 0.288 Exanple 72 3. 3@@“&5@%061029840
Exanpl e 73 4 32 0.404 Exanple 74 3.94 0.404 Exanple M
5.08 0.304 Exanple L 4.27 0.346 Exanple N 4.88 0.325
Exanple F 3.23 0.377

Foreseeable modifications and alterations of this invention will be apparent to
those skilled in the art without departing from the scope and spirit of this invention. This

invention should not be restricted to the embodiments that are set forth in this application

for illustrative purposes.
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10

15

20

25

30

e

Exanple G 3.24 0.405 Exanple H 3.40 0.405 CE 1 2.49
0.766 CE 2 2.54 0.665 CE 3 3.44 0.383 -30 WO
2007/ 019125 PCT1US20061029840 Exanpl e Bul k
Conductivity Thermal |npedance (WmK) at 100 gm neter
‘%@r o,g@pus(c-cnﬂlw CE 4 3.39 0.344 CE 1 = ons2end/029840
2 ple 1 CE 2 = ShinEtsu G/51, Sanple 2 CE 3 =
Dow Comi ng TC5022 CE 4 = ShinEtsu G751, Sanple 3 5
TABLE 4 Exanple 0.5 mm Gap 0.25 & 0.5 nm Gap Ave. 0.25
MhatipClaingedpss. s) @25 C & r (nPa.s) @125 C & m
(nmPa.s) @125 C & 1.25/sec Shear Rate 1.25/sec Shear
Rate 1. 25/ sec Shear Rate 26 -- 4.4E +04 5.8E + 04 28

. 1.3E404 31 -- 9.2F +
da 7. @ggﬁi?y%%%“"%&%‘éez‘%% P04 35 -- -- 1. 7E
+ 04 048about49351b%tﬁ’er&5ﬂ-ﬂﬂcanibioﬂ- -- 2.4E + 05 45

4. 4E + 06 4.3 3. 1E+05 CE =
Shi n Elangt @ﬁgg abg:_{ 25 welght percent Ef ?east one dlspersant and

at Jeast about 49.5 weight percent of thermally conductive particles, wherein the
thermally conductive particles comprise a mixture of at least three distributions of
thermally conductive particles, each of the at least three distributions of thermally
conductive particles having an average (Dsp) particle size which differs from the other
distributions by at least a factor of 5.

2. The thermally conductive grease of claim 1 wherein each of the at least three
distributions of thermally conductive particles having an average (Dsp) particle size which
differs from the others by at least a factor of 7.5.

3. The thermally conductive grease of claim 1 wherein each of the at least three
distributions of thermally conductive particles having an average (Dso) particle size which
differs from the others by at least a factor of 10.

4, The thermally conductive grease of claim 1 wherein the thermally conductive
particles comprise materials selected from the group consisting of diamond, silicon
carbide, alumina, boron nitride (hexagonal or cubic), boron carbide, silica, graphite,
amorphous carbon, polycrystalline diamond, aluminum nitride, aluminum, zinc oxide,

nickel, tungsten, silver, and combinations thereof,
5. The thermally conductive grease of claim 1 wherein the dispersant comprises a
dispersant selected from the group consisting of nonionic, dispersants, polymeric

dispersants, ionic dispersants, inorganic dispersants, and combinations thereof.

6. The thermally conductive grease of claim 1 wherein carrier oil is present in an

amount of from about 0.5 to about 20 weight percent.
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= ————
WD 2007/ 019125 PCT/ US2006/ 029840 For eseeabl e
nodi fications and alterations of this invention wll be
apparent to those skilled in the art w thout departing
fromthe scope and spirit of this invention. This
i nvention should not be restricted to the enbodi nents
that are set forth in this application 5 for
illustrative purposes. -32 WD 2007/019125
PCT/ US2006/ 029840 What is Clained is: 1. Athermally
7. CONAHE ey Bally &ﬁr_ﬂﬁct%!’q%a!scsbﬂgéim Pwh&emidlofr -0 10481 tBRE
percent of carrier oil; 5 about 0.5 to about 25 wei ght
dighahutions ofthermally sanductivepatiiclpehas an ayeragripagticle siae thabtsoges

49..5 inght ,perecent of thermally conductive particles,
fﬁw5g¥@¥ﬁ0?ﬁ%dRP%§PH%PF§“%%nductive particles conprise a
m xture of at least three distributions of thermally

conductive particles, each of the at |east three
8. di stlhe phermalscapduetivegignse 9f claisnbwbereinons of theat isastibge ng

. an ) i .S i ' .

i OO p Rk b Lot ool R gt B s

frohihebduhen orad sbouc SO mdtionetesy. ease of claim 1 wherein each
of the at least three distributions of thermally
conductive particles having an average (D50) particle
Siz ' L L f f - i

57 ety Mgl £LnEESye GRS TRt P e onlor B3¢ eal e

digttitaitiond ofvhemeilly cendivtivé pdrticleshas|an ageragdpasticle size that ranges

L distri I ons hermal | y conductive particles having
fm&‘hgl%ﬁ%ﬁgbéo %&'EEO%QW?@% size which differs fromthe
others by at |least a factor of 10. 20 4. The thernmally
conductive grease of claim1l wherein the thermally
10c ondike theymallpenndietivegrenserph dlaim hwheneinghe atdedstonedispfersant
the group .cqonsi sting, of dianpnd, si|icon carbide,
colgpisdh 1 Jonip AR PreP KEEEEBRFB Cubi oy - bor on
carbide, silica, graphite, anorphous carbon,
pol ycrystal line dianond, alumnumnitride, alumnum_
11zi ndhetiegmally enndretive grepsget deim kwherein thepideash iisathigtribytons
. r : duct,i rease of claim
or HREERL st b1 3 RN FRECURLNEnE 702
sel ected fromthe group consisting of nonionic,
di spersants, polyneric dispersants,. ionic dispersants

12} norlgatheemallsppadugtiegreasn ol dembl wherribe etleasttree digrputions
of HEmhRPLIIRI K SIS baEa BEFAIERTIaL! 21 M | wher ein

arrier ol 1s'present 1n an anou of from about 0.5
to about 20 wei ght percent. -33
13.  The thermally conductive grease of claim 1 wherein the distribution of particles

having a largest average (Dsp) particle size comprises metal particles.

14.  The thermally conductive grease of claim 13 wherein the thermally conductive

particles comprise a mixture of diamond and metal particles.
15.  The thermally conductive grease of claim 13 wherein the distribution of particles

having a middle average (Dsp) particle size comprises silicon carbide or diamond

particles.
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7. The thermally conductive grease of claim1l wherein
one of the at least three distributions of thermally
conductive particles has an average particle size that
ranges from about 0.02 to about 5 mcroneters. 8. The
thermal |y conductive grease of claim1 wherein one of
the at least three distributions of thermally
conductive particles has an average particle size that
ranges from about 0.10 to about 50.0 mcroneters. 9.

16The Thb eiefmbily csidaetivetroate 8f @AGLI Phdrbiaithe distiBi&H 6F fARRes
of the at least three distributions of thermally

hayigg aeallest appgs (Dsekpaicle sive eomraeezippetifepatigese t hat
ranges from about 0.50 to about 500 mcroneters. 10.
The thermal |y conductive grease of claim1l wherein the

17at Imasﬁcnﬁmleky corpeiveandase 600l sae\shaanitl@erﬂlstndhmﬂﬁmmcles
and a polyneric d|spersant 11., The, t her mal

hayigg &d%fﬁ?%‘r é"ﬁ?@i@éﬂ Frarticlesize @mmé?wheq%balamlqueagmlﬁ% ee
di stributions of thermally conductive particles are
essentially non-overlapping. 12. The thermally

18conduniethué ofjmeking aclicrmhaby mnﬂuuﬁmr@éme tdepriding thastepd df ee
di stributions t her mal | cond ctive rtlc es _hay

mi niPFRY! laglgwsrpm{ fisperi A dhermely CHet e AT e@@éﬁ@@n of
Cl aink ihe LR o‘ilhﬁd‘iﬂsﬁ&x&érﬁ%geﬁﬁr ghqparticles having a
| ar gest aver age (D50) particle size conprises netal

par migingshe tharmallysondustivapdriclensequantially freds targdst oleaigm

pedt i SRl ot ST ol AP R AN KUY 1 cf o5, 15, The T

thermal Iy conductive grease of claim 13 wherein the
di stribution of particles haV|nﬁ a mddl e average
19¢ D5 dhe prethadsifslaim A8 vdwrain the dkermplly eanduetivetfiatiiclasrare pretreated
I l r u
w%{r(fe}%gs %ﬁ)r%r% i )§§g Vl\}f}:il?&:é’&l%ﬂ}( %&n%&&% qﬁlcil 11%8 Qge ccaiiﬁé{'%ll and
digpafshintahieture.havi ng a snal | est average (D50) partlcle
Size conprises zinc oxide particles. 17. The thermally
conductive grease of claim 13 wherein the distribution
of , 1
207 , 2Pl BE ol Mtrfhal PLGHRRL HRERD ook BRLEYELE
et ipeabidifig cakieng), dispersampdnd yhermaliyicdniduetivgrpasies of claim 1
conp i ng . the te s of.: royiding carrier oil
m‘&}@ﬁé‘i é‘ﬁ‘i‘i‘i‘a“ya?ﬁﬂ cﬁ‘é? RatiFlys g’ ﬁ%%t ive particles of claim
1 b gk & Al QispOrsint &pdidl; SREr sant toget her; and
m xi ng ?he fﬂ%?na 'y égnddkﬁﬁge particles sequential ly,
fi nesikingchd mige shermuldy agductpapeiticles wsihzake cartier dibwnd
d@i carrier, oil and dispersant mixture. 19. The nethod of
ISP MW fier ei n the thermal |y conductive particles are
pretreated wth dispersant prior to mxing the

thermal |y conductive particles into the carrier oil and
21di sgée seathodmfetaign@0 wherein the thermally conductive particles are pretreated

with dispersant prior to mixing the thermally conductive particles into the carrier oil and

dispersant mixture.
22. A microelectronic package comprising:

a substrate;

at least one microelectronic heat source attached to the substrate; and
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20. A nethod of nmaking a thermally conductive grease
conprising the steps of: providing carrier oil

di spersant, and thermally conductive particles of claim
1; mxing the thermally conductive particles together;
m xing the carrier oil and di spersant together; and

m xi ng the m xed thermally conductive particles with
the carrier oil and dispersant m xture. 21. The net hod
of claim20 wherein the thermally conductive particles
are pretreated wth dispersant prior to mxing the

the rtﬁ@t'hhﬁﬁléﬂ?!%gmitivg Eﬁﬁgetdf ¢lafif 11dnttRe 4th&sEate thRFoeRictroRB Heat
di spersant m xture. 22. A

m croel ectroni ¢ package
sog@apri sing: a substrate; at |east one mcroel ectronic
heat source attached to the substrate; and -35 the
thermal |y conductive grease of claiml on the at |east
230N€ THe GiORLREH RO hAKkRRA claH8 B FBrthe? 3ompAfing a heat spreader and
m croel ectroni c package of claim22 further conprising
thetheenallysonductise geeast is befweehdie muibtogleetonmieiegat sanrep anddke host
Spgsa&ﬁen the m croel ectronic heat source and the heat
spreader. 24. The mcroel ectroni ¢ package of claim 23
further conprising a heat dissipation device wherein

thermal |y conductive grease is between the heat = = |
245 pr ddg&ricraplgctronic packege ofickaam 24 gher gamprging » Beat dissipation
, ' . L aj .
oo BB SRS ME L ERTE Pl bRl B ERD g
dissipatieaddvidehr ee di stributions of thermally conductive
particles conprises a mxture of at |east two
different types of thermally conductive particles. 26.

25The THiekdHRAY cARNANE!ARe O GRAPI GhetlnthEibtrMIR] Gnfludii€

ermal 'y conductive “ particles inat Teast o
padticldsemat leash veeofths strledstithreenistobutione ofthktmallyenddictive particles

BT ICE TR S e T e
in the other particle distributions. -36

26.  The thermally conductive grease of claim | wherein the thermally conductive

particles in at least one of the at least three distributions of thermally conductive particles

contain thermally conductive particles of a type different from the thermally conductive

particles in the other particle distributions.
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