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THERVAL | NTERFACE MATERI AL AND METHOD Rel at ed
Application(s) This patent application clains priority

woemgfoozootr om U. S. Application No. 11/169520 fPCeaS2M6/025625

June 2005 which is incorporated herein by reference.
Techni cal Field Enbodi nents of the present invention
relate generally to the field of heat transfer and, in
particul ar, sone aspects of the present invention
relate to thermal nanagenent of el ectronic devices.
Backgr oW BERMATIL ENTERKEAGE MAdERIA ANDYMEFEHQDere i s
an i ncessant conpetitive pressure anong nmanufacturers
to drive the performance of their equipnent up while

driving down productR@niedQshpScatibhlsy IS particularly
true regarding formng elecironic devices such as

t r ansiTdisgateni spplicationtleines wasity henefig&oor HiS. d{pph{:atidﬁ No.
f. t | arl
T Rl Rtted B e AR S B RSP e0 PR b P Ptther

clock frequencies, while generally being snaller or
nore conpact in size. As the density and cl ock

frequency of |Cs mcreai@?.h_lm&iﬁcordl ngly generate a

t Ho
O o B iadls Sreee Bitben RICE it e TR Bola ¥ feat
Erﬁﬁ@?&r A UnaktRuh] éb‘ihet RBYctRbLhS BFHsglﬁtlﬁ%nhBﬁ rfﬁét% &S thePflal

becones "i ncreasi ngly i nportant to adequately
maaaepméommﬁo&nqﬁnvﬁc@senw ronments. Wth the advent
of high performance ICs and their associ ated packages,
el ectroni c devices have required nore innovative

thermal management to di spiRabgndieat. |ncreasing speed
and power in processors, Tor exanple, generally carry

wi t h It the fieldosftelecobnicraystens ehbrﬁsailn inges$ang competitive

m croel ectronic %I e that. msﬁs1 di s&(&g{led Br.i ef
BRSSP HnIBRU R FET B TR FpRoranq QL AFULP AT W
wh{10 Bk ABwHPREHUcRBn 68t CEhiR GO by PudRBarding forming

electronic devices such as transistors in IC’s, where each new generation of IC

must provide increased performance, particularly in terms of an increased
number of devices and higher clock frequencies, while generally being smaller or
more compact in size. As the density and clock frequency of IC’s increase, they
accordingly generate a greater amount of heat. However, the performance and
reliability of IC’s are known to diminish as the temperature to which they are
subjected increases, so it becomes increasingly important to adequately dissipate
heat from IC environments.

With the advent of high performance IC’s and their associated packages,
electronic devices have required more innovative thermal management to
dissipate heat. Increasing speed and power in processors, for example, generally
carry with it a "cost" of increased heat in the microelectronic die that must be

dissipated.
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enbodi ment of the invention. FIG 2Aillustrates an IC
package according to one enbodi nent of the invention.

WO-R@7/0@802 s an i sonetric view of the | C packageCT/us2006/025625

Fi gure 2A according to one enbodi nent of the

i nvention. FIG 3|Ei J !ggst raﬁ.es gﬂggéti on of a thermal
i nterface rmteria. 1 a pliment of the
| nventri@n ilfuk@tedtar infdtfiatioh BgndinkMRLR Ecdoﬁéiﬁ (o6

particle according to one enbodi ment of the Tnvention.
Pmbpdignent pithe instesoranot her thermal interface particle

accor di one _enbodi nent of the jnvention, FIG_ 6
T s Gt DyRRgen g et re 5o ne i obihe
iendisyent i on. Detailed Description In the follow ng
detail ed description of the invention reference is

made FHtHbisaadsmeny viey ofithed(® gsckape trbmf Ripmed Aparcbrding

f ad i i.ch h , b of
R T roBrbod ment & 1 1" whi ch € he
I nVenkI@ns MRkirRes Ppadion @8 d thdrhhal Hﬁ‘erﬂ{cé‘ma%i acl,dok‘cﬁng to

nuneral s describe substantially sinilar conponents
oy gubeiment dfdhsmyentidn. vi ews. These enbodi nents are

descrihed i ufficient detail ta enable those skilled
e niGrt iftsen eBBan i B b G oo one
enbedhernd StheBe§orit 1 | 1 zed, and structural,

nmechani cal, and | ogi cal changes, etc. may be made,

wi t hobitG.dfe plustratagjarfotiomtdrmabmbgréice pattinke goc@damntto one

I nyention..The follow ng detail ed description is,
?rﬁg?cﬂplgpg?fth%{nwgtm&e taken in a liniting sense, and
the serp& Afuskites PHRABANcEUER ) BRe bﬁbg(ﬁgieﬁﬁgf Aol y by
the appended clains. The term"active side"” as used in
wietiadescription is defined as the

Detailed Description

In the following detailed description of the invention reference is made to
the accompanying drawings which form a part hereof, and in which are shown,
by way of illustration, specific embodiments in which the invention may be
practiced. In the drawings, like numerals describe substantially similar
components throughout the several views. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention. Other
embodiments may be utilized, and structural, mechanical, and logical changes,
etc. may be made, without departing from the scope of the present invention.
The following detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the present invention is defined only by the appended
claims.

The term “active side” as used in this description is defined as the
conventional horizontal, large plane or surface of a chip or die where electrical
devices have typically been fabricated, regardless of the orientation of the chip or
die. The term “back side” as used in this description is defined as a conventional

horizontal, large plane or surface of a chip or die that generally does not contain
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conventional horizontal, |arge plane or surface of a
chip or die where electrical devices have typically

when/062br | cat ed, regardl ess of the orientati oPCDiS1006€025625

chip or die. The term"back side" as used in this

cr n_i,s defin S 3a.canv onal orj.zont al ,
?&fv deg angnbtP ?‘QFa?g gegmav ﬁ}c F’ Q& %ﬁ‘:{l&‘éner al 'y
gapendioflacoOnthehoidntal 8s defiticd Ao R prtaﬁos@twﬁs agRh ad hén”,
term’ vertlcal refers to a di rection perpendlcular to

tehe1dr ilower al'abaye’ turd; ‘heldwa oy defined eyitsicspeshto, theuch as
n n .II h' n n | :I , n ‘II n | WI K
SR T O SR A T L AT

SR AGE o BNt cAthtioN ®f Bfetdhifforsdidle of the chip or die,

regardl ess of the orientation of the chip or die. In
one ehbo ermbndmmhtetmrpe@emtmvmnns wsedite trassfer Heat

t t t

BTy A Rbm BE S B3R elhbof pERLH SR ofich S Lo, o are
MBﬁinnélﬁéédl&?ﬁté%atbd‘El?(ﬁﬁﬂ'l@)jckﬁ]{)sr &idh s f)ffo@ssﬁp&kﬁﬁs
such as processor I PS An exa an el ectronic
devi c énwgamglqcﬂfcweei@@pm@ lepise using pmccssed chips zshnwudad to

ST et of e AaBor e 28 B Mo B FortioRno of e

Pleséilt ilicaBbR ang‘.lrs'iﬂlsQi' 186K dlﬁhﬁm@éh‘éfecﬂrgﬁc device 100
| ncor porating | east one ectronic assenbly 110

epIpordting aale{ahfecrmwllectmmd asserrﬂn@y b wiilizahg & theanalooddmting
a odi nent f the invention.
Eelee Pl eES Fenfo f BoSL Sreboribie: el Bhetin. fectroni
8he€d 100k encid§ loBB ek ;Iyy@ bt:ah B RS SRMm {WRIth 'tﬂ%ﬂpr@&ﬂt
be used hi this exa el ectroni ¢ device 100
mmﬁrqns@g be uged. ahlpthxs@ssmphgelsgtmmm 100roimyptises adata
stem bus 10 pl e th rious c onents of the
8 SeSSiHe S@f}g]?letﬁ?tk}ﬁ%m ?ﬁi‘ P etﬂlégoég % iY8HS™ i nks
aaﬁg;mlehﬁ%fw dyRiesn. CORRABIN ®26%0¥iA& &Jn%ﬁﬁleﬁio%s @ﬁﬁ}éé ce
100 and can be inpl enented as a single bus,
@mwm thatvaneusofonimesisats of the dastraniy devicerl 08 and ed:ri lm
ner n elecfronlc assenbly 1§g IS cou | ed
SRV BRIEL e A HBEl RIS, 459 oRPUrRten S buset. PT R b gt suitable
mBgdaedde any circuit or conbination of circuits i one
enbodi nent, the electronic assenbly 110 includes a
pr ocedsetectroRicwhsenibly A0 is@oupled to system bus 102. The electronic

assembly 110 can include any circuit or combination of circuits. In one
embodiment, the electronic assembly 110 includes a processor 112 which can be
of any type. As used herein, “processor” means any type of computational
circuit, such as but not limited to a microprocessor, a microcontroller, a complex
instruction set computing (CISC) microprocessor, a reduced instruction set
computing (RISC) microprocessor, a very long instruction word (VLIW)
microprocessor, a graphics processor, a digital signal processor (DSP), or any
other type of processor or processing circuit.

Other types of circuits that can be included in electronic assembly 110 are
a custom circuit, an application-specific integrated circuit (ASIC), or the like,
such as, for example, one or more circuits (such as a communications circuit

114) for use in wireless devices like mobile telephones, pagers, personal data
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of any type. As used herein, "processor" neans any
type of conputational circuit, such as but not |limted

W@ 2008/0009¢2 opr ocessor, a mcrocontroller, a conpdEKS2006/025625

i nstruction set conputi ng (A SC) mcroprocessor, a

ST sbaRE PShais e-5RY Fiie Port ool slspeoivprslms

Hhé[[@l@ﬁrpﬁ&ﬁﬁ@lran Dt I FFuRtRGessor, a digital signal
processor (DSP)5 or any other type of processor or

pr ocedb¢ plgcieonie device Bthean alsopipeludé arc éxtemiat metmoat 12050

B (RS RS biof ek BT PR L F e s o e pricnar

epptcelion, @fict 436 mhitGnerfiti§ 229 tHeXbrB $APREm RBEs %en’i’&l&e
circuits (such as a comunications circuit 114) for

(RaM)nongi qrghass bandedrives 424 ané/onmm bembe drples thes handle

er S at aa33| orta Ie comput ers,
RRBS Bty Pl B ushds ERprd 8 Leph il afied Sk DRI
grnikeer form any ot her type of function. The el ectronic

devi ce 100 can al so include an external nenory 120,
whi ¢ hThmehe@trmn@éwwthQm abrogndndeodisplag dovige &1 &romatbos

Rk 2571, 460 B Repcii o ol e BB e oo

ARAsE Fradlal, fdieHidones vgl%éarec%ggf’u%ﬁ delige, Yr 1D 'bﬁleg ALYES

t hat handl e renovabl e nedi a such as ‘conpact di sks
(h@ayerrrmts glsvsitmvnsct‘é:o s knfoBdjon intochntl Iresceh\rdqaforﬂ’iaaon from
% F édevl&g 100 can al so include a display

SV OTE VI§heVor nore speakers 118, and a keyboard

and/ oA [tEOWHN AhHoREmdmE of WRipt&ief@Rvdnfich YALHOAn ARV S Setfective

trackbal I ,” game controller, voice-recognition device,
rtraaﬁﬁarrutgﬁ@at flewilCesutihes, @enmetnsomlss;c&; {ieritedse hedt dransfer
receive infornmation from

d.
FRR G s BB SS e BE ety e Br6a R e | he
Whes @Bt ié fbVl%Hdnaﬁct@d ﬁoﬁp&&c&u%@cé)t% aﬁsﬁﬁﬁtlb&%aéé of

transferriing heat from|C surfaces e invention is
explanation, tteelexampheaf caoliag ah 8¢ will bauked. sur f aces.

et 1 FEvUHA Bon e HlE] ESROGEEUE o BrCoRSkaes P e
In@ndbRth&its whek tRARedRTs a processor die, the IC package can be
termed a processor assembly. IC package 200 includes an IC die 210 mounted in
“flip-chip” orientation with its active side facing downward to couple with an
upper surface of a substrate 220, such as a circuit board, through solder balls or
bumps 212. Substrate 220 can be a one-layer board or a multi-layer board, and it
can include additional contacts 222 on its opposite surface for mating with
additional packaging structure (not shown).

Die 210 generates its heat from internal structure, including wiring traces,
located near its active side; however, a significant portion of the heat is
dissipated through its back side 214. Heat that is concentrated within the die is
dissipated to a large surface that is in contact with the die in the form of an
integrated heat spreader 230 that typically includes a metal such as copper or
aluminum. In selected embodiments, the heat spreader includes an additional

coating such as nickel or gold. In one embodiment, the integrated heat spreader
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w@Booan0do@ package 200.

expl anation, the exanple of cooling an IC will be
used. Figure 2A shows a cross-sectional representation

is a processor die, the IC package can be terned a
senb e 200 incl.udes an |

DSBS R R Bk obiefis SRR ds raackies hore F i
9i glerd gHel dhhARNEMRthdhesiFORPY R Mthd} iRNudHIRE ekt fiRCE
of a substrate 220, such as a circuit board, through

goegreted haitl ssreederlﬂ,’pﬁpts) tha wbsmibﬁzf)affe lmzﬁaveahle thernaal
rd.or.. | t.i

PRt hY S pedperona ST and b Rt e oot pog Hhemal

aué&a;eenitaﬁamo iEhoM Prhvidedibtive B thcRRE KADAIMn Sl &t hHaf
(not shown). Die 210 generates its heat frominternal

spreydsr 48, i ncl udi ng wi r| ng traces, | ocat ed near its

d f th
hoat | £t SuposRENTorh Bnh P S Ak 1BRLbe Saturgg dfar
Eht8hder 2300 RNEHR L SGl oAl hﬁﬂﬁ% ¢ing 25@ lscﬂoﬁﬁleﬂ% gd to a

| ar ge surface that is in contac die in the
integrated haat smnaé«grz:st)e dHenhesink 290 élasipateszwt tﬂﬁathetamhlcral |y

| ud t I .
SRR B R nent Ao B RL QU A U254
adich henadd tGQ?éaterbgthéﬁ'l‘f’eh tpﬁ whly BE Bl ecl thdiptddratd R §preader
enbodi ment, the integrated heat spreaderZ230 is forned

Qchhthpaﬁanmﬂcﬁﬁbl osure, and serves as a package
cover . for. the dje.210. e i frent esive
2341 308 Ghermigh nleFiar matstils 200 o6 5% HEPIH indg P Mt
ﬁﬁétﬂ@d % b€ 3QelRallilestRHBS bE &Eﬁnﬂ%ﬁ)terf-a[& hBRFANe Iﬁ ﬁ‘l@
thermal conductivity between the die 210 and t

fqiloe&gn@dﬁdﬂmcmﬁmammfmaﬁtaﬂa off teermral intenfaee ﬂm@s and
mat e IS, qgften provided between the die 210 and
P0G uh Hlsited orcud Sbfinen b Bedrtdihent - co
furt hefigele 98 ke ah @bl bHsh IO"}B&% £ \bﬁﬁ’éut 2 heat
spreader 230, a heat sink 250 optionalTy having fins
9BR aitached ap Hesiribed athweei he griegretd heaattspmpdcﬂaidé s §86un in

He t 0 di heat to th nbi
S paMiERT ARt 358 PRBEu e T Siseq REOE RUEHgIed heat

é;ﬁ%ﬁfe? Q@@ fd?ﬁi &1 étﬁios%%‘bvﬂtl?’th@ Wb dhke 240 \Ivhég thel e Glct glﬁc?wﬁ}

thermal pathway between the integrated heat sprea
is substantially enclosed. In one embodiment, an opening 232 is included in the

integrated heat spreader 230. In one embodiment, the opening provides a relief
for variations in pressure due to thermal changes in the die.

Figure 3 illustrates a magnified view of a portion of a thermal interface
material 300. A matrix material 302 is illustrated as a component of the thermal
interface material 300, with a distribution of particles 304 shown within the
matrix material 302. In one embodiment, the matrix material 302 serves a
function to hold the distribution of particles 304 in place in thermal contact with
each other. In one embodiment, the distribution of particles 304 include
thermally conductive particles that serve a function of conducting heat from one
particle to the next, forming a thermal pathway through the thermal interface

material 300,

I n enbodi nents wher e t heCT/CSH0€025625
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230 and the heat sink 250. The thermal interface
materials 240 and 254 shown in Figure 2A are intended

wo eoobeooyneneral illustration of thermal interPEDES2006/025625

materials. In the follow ng detailed descriptiond

d t h I t d n
2 Sserrh PreShidieRt dieiGres maho UL RRLES b il
tIA@nb BMBOU N, tﬁé BolRerAcRoVS &b gm&mem off an IC

package 230 wit hout “a heat sink attached as descri bed
givbodimenh gh¢ ﬂmeegalan@damatesﬂir@@dead@ml todloshdwming an an

t f d k s of the
PR BlaP T PR Sishas RuP st s R Seoure) w%?équa
hbg teubet ddk&. &%Qn@’@ﬁﬂb@dlﬂéﬁt %&nﬁﬂ&tmﬁgﬂwl 1dt& cured,
substantially enclosed. I'n one enbodi nent, an openi ng
QBQemQOdlmnu dlmﬁnaﬁnlmmaemainmgummlmaanetsb rIeau;Lier f 2 ?0
s.arelief for
pPaFIeBRdRY o Pobalsre it ateg RlF R in e srpofipent
ﬁieesolcﬁk HelRleS ah ddish lcBh8 itk RG] Tl &b éﬂll?cyauﬁfsntaa solder

portion of a thermal interface material 300. mat r i x
matrey inghe ﬂazmmsmtdrfagsmmw QQsts admeqmrthrw dmfmg he
lnterfac ter a distribution of

H&PI‘fﬁ gg@fﬁf’e% (Iﬂ?ﬁo th ldn%’E“FPB?e ‘material 302. In
one eppeeH éH@IBBdlm%HtetH@QﬁJth?futﬁtcﬁTp'aﬁicle%%ﬁﬁ&M@e% aahumber of

function to hold the distribution of particles 304 in
preaparticies Bher rathe @mﬁmchsmsme fachartitlee8 10 hre dwﬁaed as

di he di but i f 304 l.u
EISPIARR, btk S v B BB h SR SR b
g bureRRdsetd lnﬁuaeatn Me(l%ﬁw&ﬁn&ﬁrﬁlb ﬁhﬁb&o% les 310
formng a thernal pathway through the

lmh@% aoembert @suhIstaﬂ@dlylsphmel Immdds IentIn ctnhembaﬂinhent
I I ud r| al . In_one
R o 7o Rt § oo e Giouuba ot epieles atiomieqar | b

e@n‘oodl msnt the t her nal lnterface material 300 is
adapted to flow during a manuf act ur i ng process such as
f or m hyore anihadimheytethematmhern sabsthlﬁlaﬂlyl sphaiwal partielat 312
he matri x

transfer device. |n one enbodi nent,

toafilFy & PG iaptaflg Paic oPn Mot SHBRSETRENELE BADSRES 1 | x
Ss@htialy dphetistd $artl Rz MiAEIRE aMun®BEof copper particles. One
of ordinary skill in the art, having the benefit of the present disclosure will

—
-

recognize that copper alloys or other copper containing particles are also within
the scope of the present disclosure. In one embodiment, the number of
substantially spherical particles 312 includes a number of silver particles. As
with copper, one of ordinary skill in the art, having the benefit of the present
disclosure will recognize that silver alloys or other silver containing particles are
also within the scope of the present disclosure.

In one embodiment, the number of free particles 310 includes a number
of carbon nanotubes 314. Carbon nanotubes have thermal conductivities on the
order of five times higher than metals such as copper or silver, therefore
providing increased thermal conductivity to the thermal interface material 300.
In one embodiment, the distribution of particles 304 includes a number of

composite particles 320. In one embodiment, the composite particle 320
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enbodi nent, the matrix material includes a sol der
materi al h one enbodi nent, the sol der includes an

w0 p@i7moennt ai ni ng sol der hi one enbodi ment, aPGDUNMNG/025625

matri x in the thernal interface material 300 is
ed.to flo nuf act rocess an
SRRIEE s el 327 MR BS B S50 iR OB pfece of
uhﬁxg¢§&ﬁbpgggon of partlcles 304 includes a nunber of
free particles 310. In the present disclosure, free
parti & ese szeadamentdémqmewnasuobmeﬂmgth af ¢eyb¢r01m1@aﬂm5|ss

rticles ut an itiopa str res atta
Pliosgh 1o, ¢ B peefies 0P B ot e mie e o In
Bﬁ@&ﬁbocﬁfneﬁtr aﬁﬁ)e@ﬂ?ctsﬁfel &%12%3695th15\ﬁidﬁdﬁ%a1%oﬁ Wb &f affects
substantial |y "spherical particles 312. hi one

sisbesdliyroé the, themeal inferfane rodtefial 860 p Mitcosityedet@hinesibe tfmtees
b f I th

B Roenti o Bisben hout s b lipRp A Rarchigl o i o

B FilG! 8fmiddkdo cABLY ﬁsﬁotabéwm i b ABbahdnE, RRELdiGAEST

hi one enbodi nent, the nunber of substantially
hetrambeapf MSﬂanttéﬂb’eﬁp@mCal peitichte § 12 areuabean tofcontwplper
articles. One or di.nar. il in e havj
BREMEGEProp Bies Rlet s usti d'be Mt Grdbte weteBglade 1
bAeEmbaRReHt, &ldlsitutidh o?&)aﬁfclecs%h@ Gfe &Qﬂtlﬁblﬁﬂfﬁg free particle
particles are also within the scope of the preseﬁ)

dl ¢ skessamdeompositeepasitiod2oeiats. t he nunber of

muhe g e FudfetSi bRty B8 gt i mepyipting fed pybieh

Rfadingddtos ki {Hen‘nﬁ‘l ihi@rasd atchian! leota@iﬁ l%’crt‘@lf dr voﬂfmé he
present disclosure wll recognize tha? ver

gectiminan bsidefieed asarmatio of nolupwrof ipettiekss éﬂé dahéﬂmi lvy a ha)lume
co res nt. di scl osure. Qne.

bhTaR R he” e tineRdes S5 Bine Behs in ¢ ermdles

At eEd ﬁ{até}fal 360 PRRaSRNAL Hﬁﬁﬁal?b%ﬂduc@%[tp g? tHean ﬁfterface

have thermal conductivities on the order tinmes

moiatginig} 3Q0h o Kbctupssiwh el pasessopplEps ganegité mere aﬂdmoef@ae
VIdI i.ncreased thernal ctivity to the,

fir el Phndbi S0 8t b mresabs o disHB EmASEPRENE Pe e

Ho®kdrDat th® YolameRRIctibe i€ cre ¢kl 8leHHSSinfr AN RE erafs, the

viscosity can reach an unacceptable level where the thermal interface material

can no longer be adequately spread on a chip surface.

Embodiments in the present disclosure provide high thermal conductivity
with fewer particles in the matrix. This allows a thermal conductivity of a
thermal interface material to remain the same, while reducing viscosity. This
also allows a thermal conductivity to be increased while maintaining a given
viscosity. In selected embodimenfs, a thermal conductivity is increased, and at
the same time viscosity is decreased.

Figure 4 shows a single composite particle 400 similar to the composite
particle 320 shown in Figure 3. A base particle 410 is shown, with a carbon
nanotube 420 attached to a surface of the base particle 410. In one embodiment,
the base particle 410 includes a substantially spherical particle, although the

invention is not so limited. In one embodiment, the base particle 410 includes a
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conposite particles 320. hi one enbodi nent, the
conposite particle 320i ncl udes a base particle 322

wardaoh/oeedenr bon nanot ube 324 attached to a surfRCBUSL006/025625

the base particle 322. In one enbodi nent, dinensions

| : . ' h
RATPIFiCT o R By PlapP RAP 2R RTer MAHEIS ot
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emboditmeit)itie Bast partiblerthéladestsilvear bon nanot ubes 314, in
one enbodi nent, di nensions_of the nunber of

subst dndhosm iy Fagymed i gne sabpdismeat thel carborenanatibe 20 ds i
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free particle 310 sizes and conposite particle 320
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f [ u .gh i ng factors.in thernal.
OFY SAEEH s B0, T P Smb BB PR S Eorionys PR 400
formet b Zroming e @efonnedorbe 320 8h hQuhce\dTithBase particle
particles 304 divided by a volune of matrix nateri al

Hh Ingagepdopipent,ibe earbpmpanetuhsi4288s formed isenaratelyand later

| terial. 300, ncreases the thernal
%tga%é%?éh @P%@%ﬁ%&ﬂgﬁ){aﬁé?%?%ﬁﬁpm face material 300. As
| C chFigarssisiovass OnQoeie pirticlhi 8 206518nake aitthg and
more heat, the thermal conductivity nust be increased
erBbedimsnigpidhe paeetionp rd bage natficle AkAs shewmeidra cagsort he

' ' ' ed in_ther i\nterface,.
T PR ShRIE i oD PRE bk O R0, AR B A i ore
5,6 @he wi®oEinicAE thd @EEH ndnbt®E 530 & dBabRAIE thetRRe Paticle
| onger be adequately spread on a chip surface.

yekengdnieymedide prasBigitl 2 didacddysniege pfwirighm integinediate

I Vit i th ticl ' he .
853k GG s ot M e SRR B b prite
Slexn@t thoBeé hatiele el dorhally &I nbt AdherSRdBio Mrb&:
reduci ng viscosity. This also allows a thernal

repatbet Iy prgermbpdimentnthedatemaediate ceatingi Y12 andiidey rackgl.ven
Other intermediate coatings 512 include, but are not limited to, cobalt, iron, and
gold. In one embodiment, the base particle 510 includes copper. In one
embodiment, the base particle 510 includes silver. Although one intermediate
coating is shown in Figure 5, the invention is not so limited. In one embodiment
multiple intermediate coatings are used. Although Figure 5 shows a continuous
coating 512 surrounding the base particle 510, the invention is not so limited. In
one embodiment, an intermediate material covers only a local area between a
portion of a nanotube and a base particle

Similar to Figure 4, the carbon nanotube 520 is shown attached to the
base particle 510 at a first end 522 with a distal end 524 extending from the base
particle 510. In one embodiment, the carbon nanotube 520 is attached at another

interface location such as along a side of the carbon nanotube 520. In one



10

15

20

25

30

viscosity. In selected enbodi nents, a thernal
conductivity is increased, and at the sane tine

woe®eosoy i s decreased. Figure 4 shows a si ngP@&I/US2006/025625

conposite particle 400 simlar to the conposite

B R A e e P SR g T

Qdtases 30 orf HSurbas Of BRMabLH21idd 810.Nin &ﬁeen%mqeﬁfem)ase
t he base particle 410 includes a substantially

pprtislei i:lé)llsgmwn@n the Calrbph@ia@ﬁubmiﬁq nvention is not so

limted ase.particl

i ncl u%‘ege <ctf):‘£3 Y Eeaa{’ﬁ’ OfFFveﬁ‘ﬁlchlb s ﬂgf\’ﬂfﬁae%”‘*
ﬁﬁcﬁﬁaﬁi)@ﬂi@ieﬁﬁls 300 hes wHBRNES §doBs oPtheIRa@tiBAr Diné k@smpis0
are also within the scope of the i nvention hi one

aebisies ppatymer meatny stat 8@%&1@1 4 erohpases pettiekad0 having a

[
SRl R S R B Br Rt R e feD inclher
@mmﬁehmdsa Rh indih® sbﬁﬁﬁ‘mﬁﬁ{xt théteRal 302! dﬂ@l%&oﬁiﬂo&i@é parficle
shown in Figure 4, in one enbodi nent, the carb

ﬁ%bm@@a m@rubgsmara@ih éa2 Waihtaht@rbmsenp@bc B24 ettablled at a
st ,end th a distal .end
RSt itaitR oipl d SrARNRT 6 Pt 0} 50 il
TR dbBitatiohd 6f Feid1ed sudR a&&&ﬁ%sﬂa Qaﬁﬁleataha@mﬁlx Materials
anot her interface | ocation such as along a side of the
wall be recagnised drepossibilities toere ofivbdidanyeskill mtthe art drapog the

400 rmed by growi ng the carbon nanotube
B%&‘Sﬂk@e%?sfe%ts scg?sutr%e base particle 410. . In one

embodFm 6 shdves £ AbRUaghan oF bRCedah1d mefRiBEbrding to an
separately and |ater attached to the surface of {he

bla edipwnt ¢icthe imvEotionF| 4uumbsr @ﬂpﬁmclas wodptdhiuted withiniacl e

R T S R e b
ﬁ@e@ c§1§twéhg§ phi®ick 18 YbMas 6o ﬁos‘it@?aﬁﬁ?@e 19@1%55!’[ ohe c@tiliQOSltAS

shown in ure 5, in one enbodi nent the carb
n@m@leubplagabwnhmdb@ platsik matetible Ihane ephodinsng aammher of

R Ao b RO e 165 R4t P b oA 1

hfdteei@t PARhGughahie Pa@ﬂ@ﬁw@s&%@l bthePAREdIR MidyGhQudd 0

where the base particle material normally doés not
fattes pperakidns, pomaraepepasions. In one embodiment, the operations are

performed in the order shown in Figure 6, although the invention is not so
limited.

An advantage of using composite particles as described above includes
increased thermal conductivity of an associated thermal interface material.
Carbon nanotubes are known to be extremely good thermal conductors. For
example, carbon nanotubes conduct heat approximately 5 times better than
copper and silver. One mechanism of thermal conduction in a thermal
interface material includes conducting of heat through contact points of various
distributed particles. In conducting heat through a carbon nanotube, the heat
must flow from a first location, through the nanotube to a second location.
Conduction through free carbon nanotubes in a matrix requires two contact

points on a given carbon nanotube, thus allowing thermal conduction through all,
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nanot ube. I n one enbodi nent, the internedi ate coating
512 includes nickel. Oher internediate coatings 512

woO papi7ie992 but are not limted to, cobalt, ironPCHOS006/025625

gold. In one enbodi ment, the base particle 510

SR EPPIER SR ERowbP. AReRbER: SR bufiele SelReobe m
IGvIRehgh £pbinesiRad? thdntBrdubN smérgerbohfacmﬁfaée ateh Fhdiesh

hi one enbodi nent nultiple Internedi ate coatings are
dsssaibeqhrhdye iy h cpingosite Briddeowsbedinent i nuous coat i ng 512

sur royndi the base partl cle on i

not s ?r‘?q" IS SINg & COMMOSH Wéﬁ%e a%HeﬁcﬁB%‘faﬁ)dﬁ zaﬁteleast
BRé e&g@donﬁaem&&fa@e b¥thval ‘i’é:éﬁsul%ﬁ SRrveh WRECBorPRIdobde 2Rf
a nanotube and a base particle Simlar to Figure 4,

theeaseasidieshbase patticlsed B0 thesphybiouiretiathmatie Enttwdimentbasieg

| f h di |
bRy R LSRR e 8,
ﬁffﬁpﬁ}onfﬁéﬁnal EHRaQPoRAN A IOAR @ RRURL Quﬂhsat akesRedndl

another interface location such as along a side of t he
bavibga lasgmiotarfree 828. hi oneenbodi ment, the conposite

partigle,500.1s, for . gr OW the car bop nanqt uh
520" o 5tgabieet pr ERRodhs Jibl comaos Rparin gndescribed
gbRRahdBis deBreRRAS/ 1R85ty £ EredtfiPof SAFFAVY Wlutl ?ra%ﬁ&pgf‘
nanot ube 520. Referring back to Figure 3, any
pavieiesl Highebeorsluriorisy @ﬁcomosmecpaesclsmllcarmihmhme fraction
| wi.t hi n. t he .sc nvent i

b ied R e aBf GuablibaoDor{Faune b eiash Pty BapBBand
theERRNAGHh® Rattihc! € 320 having a copper sphere base
particle 322 with a carbon nanotube 324 attached.
Anot hek thermalphterfaexcinatieisl lzas beerdshomnswitll et leas turfraction of

mat er i aI a_connos partic vi.n,

£ padiafogn Ach BrEEes It WeRased o st B Lo

AhprehedecthicAOMBPerfRe 5:110@1' a8 1&%&@?&8%9 i sgnLEE'tEH oned,

the invention is hot so limted I nati ons of

gabodigients f@@@laﬂazkscsudp@smetallmqmrmdém cal’m@nnmhouukes etc.

rraterl l.s W [ £c0 %nlzed |b|||tJesto on
Hap § tagere Rl SRubAG el BRTipleDt

ﬁdﬁn@@@ §?ﬁ1€1u@irl%cﬁ‘&§5éi‘@cle§: dl&gg ®ith c&ﬂg&ﬁte&baﬁ AW it Rgeam

one exanpl e nmet hod according t
1mproved packing density within selected embodiments of thermal interface

materials.

Although selected advantages are detailed above, the list is not intended
to be exhaustive. Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the art that
any arrangement which is calculated to achieve the same purpose may be
substituted for the specific embodiment shown. This application is intended to
cover any adaptations or variations of embodiments described above. It is to be
understood that the above description is intended to be illustrative, and not
restrictive. Combinations of the above embodiments, and other embodiments
will be apparent to those of skill in the art upon reviewing the above description.

The scope of the invention includes any other applications in which the above

structures and fabrication methods are used. The scope of the invention should

10



enbodi nent of the invention. A nunber of particles are
distributed within a matrix material, including

W@eaaobony a carbon nanot ube structure to a sup¢EHUS2006/025625
a heat conducting particle to forma conposite

WP ket S PRSP APPARR B M e v

pEeRevalets aodhich onal claifR-eOMMPRUL € particles are
further distributed within the matri x materi al .

Al t hough three operations are shown, other nethods may
i ncl ude fewer operations, or nore operations, hi one
enbodi ment, the operations are performed in the order
shown in Figure 6, although the invention is not so
limted. An advantage of using conposite particles as
descri bed above includes increased thernal
conductivity of an associated thernmal interface
material. Carbon nanotubes are known to be extrenely
good thermal conductors. For exanple, carbon nanotubes
conduct heat approximately 5 tines better than copper
and silver. One nechani smof thermal conduction in a
thermal interface material includes conducting of heat
t hrough contact points of various distributed
particles hi conducting heat through a carbon

nanot ube, the heat nust flow froma first |ocation,

t hrough the nanotube to a second | ocation. Conduction
t hrough free carbon nanotubes in a matrix requires two
contact points on a given carbon nanotube, thus

all owi ng thermal conduction through all,or a portion
of the nanotube. An anmpbunt of thermal conduction can
al so be lower through a point contact than through a

| arger contact surface area such as descri bed above in
a conposite particle enbodi nent. In enbodi nents using
a conposite particle as described above, at |east one
| arge contact interface pathway is ensured between the
carbon nanotube and the associ ated base particle due
to the physical attachnent. Enbodi nents using
conposite particles as descri bed above will therefore
be much nore likely to formtwo thermal contact points
al ong a nanotube, wth at |east one contact

11
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having a large interface area. Another advantage of
enbodi nents using conposite particle as descri bed
wW@bwvmo29nr| udes decreased viscosity as a resul PCDUSH06/025625
decreased volunme fraction of particles. Higher
conductivity of conposite particles allows the vol une
fraction to be reduced while naintaining or increasing
the thermal conductivity of the thermal interface
Wahtss chimedst hermal interface material has been shown
with at least a fraction of conposite particles.
Advant ages include increased thermal conductivity and
npr o AYEC i es.such as | ower
j\/l sco/g?rgzy I(!rgﬁgi1 %@%ﬁ%&oﬁﬁéﬁjs free particles such
as rre?trahﬂrwccmqianal; cI es or carbon nanotubes, etc. are
i ncl ud C%élt) i.nte @lface rraterlﬁ alon W th
corrpc?s 1§ bté(?'nt(? a&c esRﬂt sm%’én%?eﬂﬁ &t lgeht H’@e paride
iRaLdihgl es along with conposite particles includes
I mproved packing density within selected enbodi nents
of t her mala hieat conflugting pattiele; arids . Although sel ect ed

advant ages, ane_det abo
i nt ended 0 HE"d% (gt‘d%et SS%&“%%H%%&H agﬂg%‘fequ ghe heat
. cendbatingpaitisldnave been illustrated and descri bed
herein, it will be appreciated by those of ordinary
skill in the art that any arrangement which is
alc .
% bst e ey SATRLEL RS, Whedeondycripe
paﬁpﬂamalmdmmstallmpartmm to cover any adaptations or
vari ati ons of enbodi nents descri bed above. It is to be
understood that the above description is intended to

e i ipdshdrbhi dRdu@iN n‘ﬂaﬂ’éna( 884153 I WiRrei PRI ?{b’? gf
t he above enbodi nent’s, and ot her enbodi ments W 161
Pafiiste iapludess eappepadiclski | | in the art upon review ng

t he above description. The scope of the invention
i ncl udes any other applications in which the above

4st r udhe tiesmanéntiading GafidrRNoNBAIROH SviREsn 12edat chRGuctiagPe
he i nventjon shoul dbe determined with reference to

pf‘ﬁ’é{edﬁﬁéﬁ?fe%ﬁlwral?%de along with the full scope of
equi valents to which such clains are entitled. Wat is
claimed is:

5. The thermal conducting material of claim 1, wherein the matrix material

includes a polymer matrix material.

6. The thermal conducting material of claim 1, wherein the matrix material

includes a solder matrix material.

7. The thermal conducting material of claim 1, wherein the matrix material

includes indium.

8. The thermal conducting material of claim 1, wherein the distribution of

particles further includes a distribution of free particles.

12
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1. Athermal conducting material conprising: a matrix
material; a distribution of particles within the

woradorjoseonmt eri al, at | east one particle incl udPCUSA06/025625

heat conducting particle; and a carbon nanotube
structure attached to a surface of the heat conducting
particle. 2. The thermal conducting material of claim
1, wherein the heat conducting particle includes a

gret altieGh gkt ddtldBeting: matbigal LR SLARE, wRREHd BEBREST ditee
of claim2, wherein the heat conducting particle

paiidlesdedudescoppresplraest i cl e. 4. The thermal conducting
mat erial of claim2, wherein the heat conducting
particle includes a silver particle. 5. The thernal

o nduitei tRgmabé i @ingahatetia ot dim Bhelieeéin ilidW@stfBhtidnof free
material includes a polynmer matrix material. 6. The
Refeierenclidrs glvsriDAE oMt eri al of claim 1, wherein the
matrix material includes a solder matrix material. 7.
The thepnal conducting material of claim1l, wherein
llhe riterthecmabtondiicting matbnied ©f claind B ,umherdn thehdisttibetionadf free

conduct i.n erjal of. claim1l1, wherein the

RFFales1 YJP‘?%%W@HWO&C%‘E’O‘F BFYOHbES i nel udes a

di stribution of free particles.9. The thernal
conducting material of claim8, wherein the

i st rA Bymdreopducting sagraial aphmisingncl udes copper
spheraelﬁam}l{o. te-ﬁ]a' thermal conducting material of claim
8, wherern €% stribution of free particles includes

si | verdigabitionl @partibles withen thb @i meRriely et lesg on@pLfidlal
of claim@8, wherein the distribution of free particles
in¢ladinges a distribution of carbon nanot ubes.

a heat conducting particle;

an intermediate coating material on a surface of the heat conducting
particle; and |

a carbon nanotube structure attached to a surface of the intermediate

coating material.

13.  The thermal conducting material of claim 12, wherein the intermediate

coating material includes nickel.

14.  The thermal conducting material of claim 12, wherein the intermediate

coating material includes gold.

15.  The thermal conducting material of claim 12, wherein the matrix material

includes a polymer matrix material.

16.  The thermal éonducting material of claim 12, wherein the matrix material

includes a solder matrix material.

13
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12. A thermal conducting material conprising: a matrix

material; a distribution of particles within the
woradorjoseonmt eri al, at | east one particle incl udPCUSA06/025625

heat conducting particle; an internediate coating

material on a surface of the heat conducting particle;

and a carbon nanotube structure attached to a surface

of the internediate coating material. 13. The thernmal

conduticithgmABdoRthding MhatériR bt dign 16NBIR N HeRB1der matrix
intermedi ate coating material includes nickel. 14. The

miferigtancledsa ddidming material of claim 12, wherein the
internedi ate coating material includes gold. 15. The
thermal conducting material of claim 12, wherein the
I8at r i syseinecdniprisidpe| udes a pol ymer matrix nmaterial.
16. The thernmal conducting material of claim 12,

wher SiMOtROT/BPr i x material includes a sol der matrix

Mat er, tﬂémf!a?int%ﬂ@e fapﬁg c?ﬁ'hlae& Q@fiilg %&c@&o i ,H}é(ﬁldcgg%, claim

16, whereln the so trix teria

i ndi um 18 makisymteeidl;conpri sing: a processor chip; a
thermal interface |ayer. coupled . to the processor chip,
el il ng A BB o ticlES AR g Ratr B pact Sne
pfaaidd meraind thin the matrix material, at |east one
particle including: a heat conducting particle; a

car bon nanot ube heatcgedugtiag pattiglehed to a surface of the

heat a carbon nanotube structure attached to a surface of the heat

conducting particle;
a heat transfer device coupled to the thermal interface layer;
a dynamic random access memory device; and

a system bus coupling the memory device and the processor chip.

19. The system of claim 18, wherein the matrix material includes a polymer

matrix material and the heat conducting particle includes a copper particle.

20.  The system of claim 18, wherein the matrix material includes an indium
containing solder matrix material and the heat conducting particle includes a silver

particle.

21.  The system of claim 18, wherein the dynamic random access memory device

includes a dual data rate dynamic random access memory device.

22. A method, comprising:
distributing 2 number of particles within a matrix material, including:
attaching a carbon nanotube structure to a surface of a heat
conducting particle to form a composite particle; and

placing at least one composite particle within the matrix material.

14



conducting particle; a heat transfer device coupled to
the thermal interface |layer; a dynam c random access
wOoreewong290evi ce; and a system bus coupling the PENDS2006/025625

devi ce and the processor chip. 19. The systemof claim
18, wherein the matrix material includes a polyner
matrix material and the heat conducting particle
i ncludes a copper particle. 20. The system of claim
18, wherein the matrix material includes an indium
contai ning solder matrix material and the heat
PBondudeimethpdof dlame22, ﬁmheuwsluémgudlsxmlvutmg ratnugiber o2 1 .

tem of cl ai n the m ¢ random
adla%é)%éls e Com)P Oalée agl&?sn‘@;{m éhe %a%‘x %‘la?a rate dynan c
random access nennry device. 22. A nethod, conprising:
di stributing a nunber of particles within a matrix

Ifat erfhsimethod pf daimgd2, whersimlatingatdenshons oamesitpRarticle
Y Sl R I R P MG, SANHEILAGAAGE Wik
solbifep owitdivingandtiic hteriek hi n the matrix material.23. The
net hod of claim 22, further including distributing a
nunber of additional non-conposite particles within
the matrix material. 24. The nethod of claim 22,
wherein placing at | east one conposite particle within
the matrix material includes placing at |east one
conposite particle within a solder containing matrix
mat eri al .
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