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THERVAL | NTERCONNECT AND | NTERFACE SYSTEMS, METHODS OF

PRODUCTI ON AND USES THERECF FI ELD OF THE | NVENTI ON The
woizad7thsed72t he i nvention is thermal interconnecPCT/US2007/001249

systens, thermal interface systens and interface

materials in electronic conponents, sem conductor

conponents and other related |layered nmaterials

appl i cati ons. BACKGROUND El ectroni c conponents are

used in ever increasing nunbers in consuner and

commercial electronic products. Exanples of sone of

t heserTRRMEL INTERCORNECY ARTY NG ERIPAEE SYSTEMS,
t el evi si ons, per sonal conputers, I nternet servers,

cel | phoyeSFHOASEOF Pﬁéiﬂ'tjb‘?tﬂm@hwitfs% 6? e
radi os, car stereos, or renote contro s.§2§ﬂ@§§ emand
for these consuner and commrerci al el ectronics

i ncreases, there is also a demand for those sane

FIELDGOTHEISVERTR¢OMe smal l er, nore functional, and nore
portable 1or consuners and busi nesses. As a”result of

t FBe S it 0
R o oy e anaer 3Rt WAl hfertace systems
and iHgHARH daatefials pigeelefrotio seoraprmentie tesiitdralucteecbmmoreats and other
related RYHRRANhRiSIsZGpRtarRpal €d down are printed circuit or

W ring boards, Pe5|stors, W ring, keyboards, touch

pads, and chi p packagi ng. Products and conponents al so

need to be prepackaged, such that the product and/or
BackgREeapent can perform several related or unrel ated
functtons and tasks. Exanples of sone of these "total

sol uti on" conponents and products conprise | ayered

NMEltrioa]cSconifnRefs O asedSin 8} Indteakin@ HinMel EnESRsIBNANES

and tel ecommuni cati ons devi ces and ot her conponents
commgirial clectrpacsprodyety, Examples of soma of theseisomamenand sdmRETcial

produdBtd ©Rivigon S',Sgélis Qhklllggﬁa'%];c/&%é Iﬁ%g%eg%e{a\%gf g%j]r)ﬂ%%té%aﬁgs 1 palm-type

2002, 60/294433 fi
organyzpiseROTiAR}e Hstiosy gapstergps. o remetedontrobmmimihy demaed ferrbiese
consuinRf MPESRIRLINYIE N ihHL! L € LYs (5@1?

t her ef ore, a#e bei ng #oﬁgg&ﬁggﬁkéﬁ Rves ﬂg@%@ﬁ“?%smne
produgfs tebedases $rhalldyemere functional, and more portable for consumers and

businesses.

As asresult of the size decrease in these products, the components that comprise the
products must also become smaller. Examples of some of those components that need to be
reduced in size or scaled down are printed circuit or wiring boards, resistors, wiring,
keyboards, touch pads, and chip packaging. Products and components also need to be
prepackaged, such that the product and/or component can perform several related or
unrelated functions and tasks. Examples of some of these “total solution” components and
products comprise layered materials, mother boards, cellular and wireless phones and
telecommunications- devices and other components and products, such as those found in US
Patent and PCT Application Serial Nos.: 60/396294 filed July 15, 2002, 60/294433 filed
May 30, 2001 and PCT/US02/17331 filed May 30, 2002, which are all commonly owned and

incorporated herein in their entirety.
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are better building materials and nethods that wll

allow themto be scal ed down and/or conbined to
weacermsedat e the demands for smaller el ectroni BCT/US2007/001249

conponents. In |layered conponents, one goal appears to

be decreasing the nunber of the |layers while at the

sane tinme increasing the functionality and durability

of the remaining layers. This task can be difficult,

howkipBhentsl thERTEBAAreIRYRY Blokeh db@ 4RY&KSstBAd to determine if there
conponents of the |ayers should generally be present

are beftar fpidingt magpialsaped meshesisyibge will allow shenelte dier gnaled down and/or
combifl&y 11§ &:ch e T ld@ﬁ%aﬂﬁ‘éj B Sl AecHolRCLoMPERIE. In layered

energy emtted in the form of I ncreases
compaefeaisahe gohl apprapouba deqreaing dee nwmbéreof tdusyery wiblet @ the same

PR her I r -1 rial al one. or
e SR HETAP ARy S, S50y 18 BN Bosl OBk can
diffictie dtowdives | gigte dharc so®sal pdfy gieclaedsniel tampsnedd ®f the layers should

t hermal jnterf terial
senerfi R el B et {RadBe hERGITnt or ral s, “and el ast orer

05 o Ry TR S RSP B BBl e, cnns

emittedfin tieeforidl of Hept irerdi8esS@agREicAlly. Ve b¥pilai Prab@yEiShé iustry is to use
rovi de intinaiEFcontact et ween adj acent surfaces.

thermy\ iP5t OF REFRNEFP TiUERH 0% BBS™ AerAfRChist R flevices to transfer the

excesQhélh -dissiatedrBidks IPBYEIV AT interfazed.i MBSt EdaMdaCkp&f of thermal interface
thermal grease is that thermal performnce
materigls &p iﬂaﬁf%taigrgqss%am%mwe Fpaterale rardhelpsteper fapgs- Hgemal greases

or pha8 chi®® maREal:Oh:20QWer MerRfal BLsiRAWRItheY 6lasidechetRSR because of the
used in VLSI chips. It has also been found that the

ability, & 106 $REFRE 1Bf Verkeddn dares? iaafsPgatds: insHagte scapnsh Hehyemn adjacent

surfacB@ VI @it el A MaiPeihReev &N Bkt YoebAtS£6.08 2P 8mf/W MHowever, a
bet ween the mating surfaces inthe el ectronic devices

serioup drgybarkl af gecrmebrensevie chatntherngl performanse aleterjsratse significantly
after th&fmAt fin%eé’t?&nﬁs £UE Ne & @Qféﬁft&réf&% eﬁo%e?ﬁ%@ﬁﬁ%*when used in
etc en th i se materials

C. e heat transferability of t
VLSI ghipakk hdealso ben fpend thanthegeerfsirmiahee of these onteriathedateniorates when.

L Q.- Whi r [ verse ffected. .Thus.. .
irge SMIEAALE AR SR 53014 a0 85U oI Hhpgs srces i
the eledtamialdevicts rogowhec lagarngips herwedn nntiepfaccember pekant for other

ay, Eal.sc component s _and. products fhat t..
s AT BB i ATRRBL S Sy RLEHE il oy or s
materialsebrgakd dewanthenperf@mante lofiyles slechpnior dxdikeeinnwhizh they are used is

adversely affected.

Thus, there is a continuing need to: a) design and produce thermal interconnects and
thermal interface materials, layered materials, components and products that meet customer
specifications while minimizing the size of the device and number of layers; b) produce more
efficient and better designed materials, products and/or components with respect to the
compatibility requirements of the material, component or finished product; c) develop
reliable methods of producing desired thermal interconnect materials, thermal interface
materials and layered materials and components/products comprising contemplated thermal
interface and layered materials; d) develop materials that possess a high thermal conductivity

and a high mechanical compliance; and e) effectively reduce the number of production steps

2.



efficient and better designed materials, products
and/ or conponents with respect to the conpatibility
woeqrissestent s of the material, conmponent or fi RCTS007/001249
product; c) develop reliable nethods of producing
desired thermal interconnect materials, therm
interface materials and | ayered materials and
conponents/products conprising cont enpl at ed t her mal
d eri erdals. ..
necesshﬁ; %rr aaés esgg aL%X‘ﬁ{Tﬁt Wer 51 tg(r)ﬂ:'] by sq¥tls \?I?}éelo%%a %Et (ggg(ﬁwnershxp over
other qm&dframnalallay@sdphatamie ana@obce}sesf fecti veI yr educe t he
nunber of production stepsnecessary for a package
assenbly, which in turn results in a | ower cost of
owner shi p over other conventional |ayered materials
and processes. SUMMARY Conponents and nateri alds,
including thermal transfer materials, contenplated
herein conprise at | east one heat spreader conponent
coupled with a netal -based coating, |ayer and/or film
at | east one thermal interface material and in sone
cont enpl at ed enbodi nents at | east one adhesive
mat eri al . The heat spreader conponent conprises a top
surface, a bottom surface and at | east one heat
spreader material. The thermal interface material is
directly deposited onto at | east part of at |east one
of the surfaces of the heat spreader conponent.
Met hods of formng |ayered thermal interface materials
and thermal transfer materials include: a) providing a
heat spreader conponent, wherein the heat spreader
conmponent conprises a top surface, a bottom surface
and at | east one heat spreader material; b) providing
at | east one thermal interface material, wherein the
thermal interface material is directly deposited onto
the bottom surface of the heat spreader conponent; c)
depositing, applying or coating a netal -based coating,
filmor layer on at |east part of the bottom surface
of the heat spreader conponent; and d) depositing,
appl ying or coating the at |east one thermal interface
material onto at |east part of at |east one of the
surfaces of the heat spreader conponent. A nethod for
form ng the thermal sol ution/package and/or |C package
includes: a) providing the thermal transfer materia
descri bed herein; b) providing at | east one adhesive
conponent; c¢) providing at |east one surface or
substrate; d) coupling the at |east one thernal
transfer material and/or material with the at |east
one adhesi ve conponent to form an
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adhesive unit; e) coupling the adhesive unit to the at
| east one surface or substrate to forma thernal
woaoekages72f) optionally coupling an additi onal PCays2006/001249
conponent to the thermal package. -ABRI EF DESCRI PTI ON
OF THE FIGURES Fig. 1 shows a contenpl ated ther nal
transfer material and a contenpl ated press assenbly.
Fig. 2A shows a contenplated thermal transfer naterial
SummMiNidy @ contenpl ated press assenbly. Fig. 2B shows a
— contenplated thermal transfer material. Fig. 3 shows ‘
p @fo}nﬁbneﬁts %né %t@ﬁzﬂg BinBfhidH LRRFRA sﬁ’é}rmgtgﬁgi's NEoiflemplated herein
thermal transfer material and/or conbo-spreader
comprssnpoleap onerhept spresonsopwopet efupiedc mthemmmléwsed coating, layer
dnd/oxgﬁgff gaﬁq%igpngxéé‘ @%ng glre'?%g?m I%J%%ﬁé]%h&% @&é@ %ﬁ ?z{té?ggxbodlments at
least gyfe aihesime empdraal e Thp I’fwaESpremmn cbmpohentmorrg)raes hmpmlrface a bottom
r.ansf.e i nd/,.or re der .co
surtachy 804 TepdHRIAG BRACET pERTAR .- ISR LuT IR RS Shigpinkis directy
deposited betoplt &asOpdrhef atdéast baa of e slfiﬁtaeersl dflthéhett @preader component.
conbo- spreader conponent. Fig. 7A shows a contenpl at ed
e muammmmm layﬁédi e thatl irkerdig B4taripe dnd Mesrinal transfer materials
include! @ fer .naterial 7B shows th staggfg t her np
include] 2 A¥ pEvifich MR PRGSH GURR Db, SHUE DI DRftsprgader component
compﬁtmmop sefindee Apbadbakulfaes ﬁﬁnﬁ at Yeasiine hefBdpedadal maltdr@i; 9 providing

hows a co ated th r tra sfer
ot Teapy Pl R IR B Bt inferiars gpyerial is directly
deposit8d 8htodthe BotEMMRHGRCE bf &’&th@a@ sﬁ&ﬁﬁ&@ﬂﬂp@n&ﬁe cﬂaéﬂd%ﬁmg, applying or
ac "wets" the surface), possess a
conting L bpisd SEARECII JRISE Q8 deasbpre Bhhsdtonom Surface of the heat

spreadef Tofif fp@ﬁ@rﬁ ai Kd&goRItIRY, apSIinE! ém&ﬁuﬁé'ihfpzﬁ 18XR0RE ¥ mal interface
as a nction of the material's or conponent's

materiap PRIOH 4east PHbPi| 16%86 rae of wyfaawfah@ Beat spraagder component.
resistance is a neasure of how well a material or

c Shpisthast farformping the theweal odtiaypagkese andfax IR package includes: a)
providilg 8¢ thermnal) @anPér material described herein; b) providing. at least one adhesive

component; ¢) providing at least one surface or substrate; d) coupling the at least one thermal
transfer material and/or material with the at least one adhesive component to form an
adhesive unit; ¢) coupling the adhesive unit to the at least one surface or substrate to form a

thermal package; f) optionally coupling an additional layer or component to the thermal
package.
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substrate. The thermal resistance of an interface

materi al or conmponent can be shown as follows: Q
wonveErlBeare = t/ kA + 2QCO ntact Equation 1 wher eCQUS2007/001249

the thermal resistance, t is the material thickness, k

is the thermal conductivity of the material Ais the

area of the interface The term"t/ kA" represents the

thermal resistance of the bulk material and "2QCO

BRIEFBESCRIPEIUIESE e FiberEHer mal contact resistance at the
two surfaces. A suitable interface materi al or

Fig. 16hoWoaeBhtesilutbd itamal GadsB¥¥ Rbtelal &R SEHGRPRY fedsWsembly.
contact resistance, i.e. at the nating surface. Many

Fig. 28| o anichidigla8 Th& et hahGer ARRIHaFAld 2 BSnERBYIELpleb@issembly.
the interface material or conponent accommobdate

Fig. 2B&¥bak la@dadniplHed Whdrake chhadénaaghesul ting from
manuf act uri ng and/ or warpage of conponents because of

Fig. 3Camhfsi gdreMtofof cédtemphleeyRRBS Alp (fgfrﬁ)rrrﬁhg BBhERET trdfisfer material
material with a | ow value for k,  such as Thernal

and/oxGomhesSprsadear SORPORBAY i f the interface is thin, i.e.

. the "t" value is low. If the interface thickness

Fig. 4; homs Rt 21f asontemplaedaprogesomap fenéymingie theianatrransfer material

and/oP&Shisy- Q&IQ@H,F%Q,Q_ dramatically. Also, for such
applications, differences in CTE between the mating

Fig. SCHRANGHH 3 Sl 86ifte B RtéPPrdcOssCohRB T8r ﬁﬂqnﬁg Qttflé't%alvﬂaﬁlgfer material
each tenperature or power cycle. This vartation of the

and/oy ¢prabg-gpreaddficormessntcan cause punping of fluid

. interface materials (such as grease) away fromthe

Fig. 6jshpwp pawecesyfleprchiagangdischergatics fge r cantemplated thermalpranséer material

and/oxt&)rﬁlﬁ‘dikﬁ‘éhﬁé}%oﬁ{lp%%ﬁwface planarity as manufactured.
To optim ze thermal performance, the interface

Fig. 7R 5B c&ﬁ%kﬁt&p findef &f%faogtgllnkgd B%nén% #\3fed thermal transfer
. risifgrf aces and ther e%y Ower contact reslstance. RAs used
materiger ei n, the

Fig. 7B shows the stamped thermal transfer material from another perspective.
Fig. 8 shows a contemplated thermal transfer material.

Fig. 9 shows a contemplated thermal transfer material.
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term"interface" neans a couple or bond that forns the
common boundary between two parts of nmatter or space,
weuait/ass7bet ween two nol ecul es, two backbones, PaT/US2007/001249
backbone and a network, two networks, etc. An
interface may conprise a physical attachnent of two
parts of matter or conponents or a physical attraction
between two parts of matter or conponents, including
DeTAPOISIDESERBGIGNCh as coval ent and ionic bondi ng, and
non-bond forces such as Van der Waals, diffusion
b0 diifashle GhREfabO ThAEH A, orC B thMHRNE shdMET QB NP PO W thating surfaces
.. .and/or magnetic attraction. Contenplated interfaces
(“wets’n dhe) urfeerds possrserd dewsbulkahernal tesistrnde indhpbeongs a low contact
resistdREC € BullS Wdin e r@QE’tﬁh@e.nEarB%@ prOQUE ST fhﬁct?ﬁog} thefhaterial’s or
under st ood that any suitable adhesive attraction or
compgreng shifrcknesse ttherarn! tdesdwastyitysandsared. rEerdtest @sistance is a measure of

h 0 S referred. jmal interface materials
oW ggfg%o&g%gl%lpg?l Ent s % og%%ts%saé’ %&hl g etcﬁg?aﬁélwng‘o?w &Fg’t"lg\ﬁ“l"g?ce' layer or
substriated  Ahéithérnmad ckesiniaoed of anphicsface maerdal Wi Edmydrhd can be shown as
.astically when force is applied. Hi gh thermnal
follow: i _ _
conductivity reduces the first termof Equation 1
whi | e hi gh nmechani cal conpliance reduces the second
term The layered interface materials and the
i ndi vi dual conponent f the layered interface
mat eri al s describgg“%%&ﬁFﬁn§%t3%%#P§ﬁ t hesegyafen 1
When proper | uced,. the thermal interface
conponent déég%%ggl 8?%??4%?%“%55h t he di stance
bet ween the mati ng. surface. .t he heat spreader
material and the g#ﬁﬁ%SH&%Fiﬁsﬂﬂﬁﬁﬁent t her eby
allowing a contin ' nduct.i vi t ath f.rom one
surface to the otgggagg?gggégo lwhgﬁ © H%Hnggpﬁfer,
several goals of h@¥q&§ge£g} gt %%hggterials and
i ndi vi dual conponents descri cd"fefeT n are to: a)
desi gn and produce thermal interconnects and ther nal
interface materials, |ayered materials, conponents and

predy « t i.flcation ile . » -

PRNGES VRAL (BRho Y MBI AR A ER R ferial and 201
represeatpethe thdginap coutacterenstaacefitf the teatsuefacksb e tseitatde sitgfaat material or

(o , C nd/.qr_conponents w th respect. to )

comp{Rf ShludnaBE AILH Sl T dan i AR febh Solatrcebahes. .. & the mating
surfacgonponent or fini shed product; c) develop reliable

met hods of producing desired thermal interconnect

nﬂ»ﬂm elegrottihendabmicendndtac epplivhtonsateguiradhdtale irtekface material or
compg%%xt? ;A%F%r%gﬂfcmagg% Sfécprrrl OS%%E:CS f?z&rqgsrsl ?ésglging from manufacturing
and/or warpage of components because of coefficient of thermal expansion (CTE)

mismatches.

)

A material with a low value for k, such as thermal grease, performs well if the
interface is thin, i.e. the “t” value is low. If the interface thickness increases by as little as
0.002 inches; the thermal performance can drop dramatically. Also, for such applications,
differences in CTE between the mating components causes the gap to expand and contract
with each temperature or power cycle. This variation of the interface thickness can cause

pumping of fluid interface materials (such as grease) away from the interface.
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interface and | ayered materials; d) develop materials

that possess a high thermal conductivity and a high
woraeitasswal conpliance; and e) effectively redeceush®m7/001249

nunber of production steps necessary for a package

assenbly, which in turn results in a | ower cost of

owner shi p over other conventional |ayered materials

and processes. Pre-attached/ pre-assenbl ed t her mal

shlierFaceB swidhd/1argel Grdd AeGh6RMIBAE ko RABGHABRS H¥NE surface planarity as
manufgrowded herein that conprise one or nore conponents

ptureds | ifoconsimizg dhemmal; parformanes. (the dntpefpee masgriad shpidi be able to

conforn®¥6 hBgIpMRlar rsﬁﬁ'h@s%ﬂﬁﬂh@%y@o%ﬁ@oﬁf%t'r@&)ftaﬁée | ntffé' $@8%herein, the
condi ti ons and denmands. Thermal interface materials

term #ﬁyrfm-gmag)é o eiehngr thEdionsE thedringinon boancﬂmg fpetween two parts

cLlLvit h g ured
of mfP et S BENARORTNEL Ay T DRGEEL Plgeippne aa
netwoba $wometweorksl atc.a Andntrafagé atatymmmy arﬂbnyenymbdttachment of two parts of

s 5 ESBACbe LB ST BT BRECHE R M components,
includgreabdrid mrceSi s(ﬁphﬁarcbomleﬁom?nloesorﬁﬂﬂg dlhalm:lﬁcbond forces such as Van
0 are classified as heat spreaders
der WERRL AThira Pandmenabelpiti Gouled pab e bomes and/or magneti
attracticay eCetteinplaecd ACafaRE efdhadesthagintdiBicbihial hidUBkmed with bond forces,
ents of the |layered jnterface materials

such 2 SEIIPHRPHET RHEVEE R P PREREISRR 13 anyReiabl adseivp autraction
or attaBh@dhiCRAwedi e 8 pa2RIF 2klRler 6PBRAPSITRHréfeRed. herein

wll span the di st ance between the mating surfaces of

t D@t in@ifabd helidrads af8loe chRipoadils Hassele @thlgﬁ MRGHRA conductivity
onent thereby allowi ng_a_continuous hig

Q
and a bighy MEChAiey) GRARRFICEnT-8n @18 (igld clastigally, avgfinierce is applied. High
therm8Wonaa&ivilOrRAR&HS f?rgldteﬂﬁt(ﬁrﬁcﬁlaﬁon il r\ﬁn‘i@h{% ﬁuga{aﬂ%a] compliance

transfer materials, contenplated herein conmprise at
reducqsgifis seene t§uRt iy bemverend ipteson araterials phe dghoyindivigual components of

the 1ay&kd! inRAEE HARFLRTdedAYE] h@&?ﬁ %Ecérh#rlg@hc g%ets!é %%j ogﬁhen properly

hermal interface nateri al in so
produeadl daft thepms! Hterfacgseonpprnentiessiibed hrexean wall spah¢hédistance between

the mﬁﬂﬁ? FGE g@g@g g CSBFQ%&S g‘ﬁatte%aﬁ MaStile f érj}ﬁ On %h b%%%:}%@nem thereby

surtface an | east“one h Sprieader
allowipg @roentiniqusdrifla cendmtizity hthi fsordlqnecstlffycedt@rihs lotlmd soufh@.
at | east part of at |east one of the surfaces of the
hé&t mepiienedepartionpenverdl . edats of Hayeredriingifaentraatetitle and individual

comp&ﬂ%ﬁfs'@scﬁﬁé{ﬁér@fn 'cfrr@tt@ r %Iesc’lgﬁ'%}éd %rdc’ c& YA ?mterconnects and thermal

st o ) e e*coat I ngs.
mterfa@@ nm@im,e@y@n@bmwnab dongpquentse ahd vprddaytsr th& meet customer

specifggﬁgmﬂﬂé Qninimizing the size of the device and number of fayers; b) produce more
efficient and better designed materials, products and/or components with respect to the
compatibility requirements of the material, component or finished product; c) develop
reliable methods of producing desired thermal interconnect materials, thermal interface
materials and layered materials and components/products comprising contemplated thermal
interface and layered materials; d) develop materials that possess a high thermal conductivity
and a high mechanical compliance; and e) effectively reduce the number of production steps
necessary for a package assembly, which in turn results in a lower cost of ownership over

other conventional layered materials and processes.

-7-
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transfer a snooth surface to the netal - based coati ng.
Contenpl ated protective | ayers conprise stiff plastic,
weuait/0ass7PVC or pol yet hyl ene. The heat spreadePCT/US2007/001249

conmponent conprises a top surface, a bottom surface

and at | east one heat spreader material. The thernal

interface material is directly deposited onto at | east

part of the bottom surface of the heat spreader

CP@ﬂ%ﬁ&d/pk@@gseﬁ'ﬂg[&iaﬁﬁfmﬁpEmﬁfi'@r%t nd?br ﬂ?ﬁfntér@ﬁﬁ@éi‘t}"ﬁackages are

onents (heat spreader and heat spreading are used
Provmi%é TRin; Hiah rqOmETPE aPSy OFTHONPagRIMPPRENSRPE & GWite Pl thermal interface
matenm%aﬁ‘;'af‘ g){hxgﬁrlgﬁvadhlceﬁm&(’g@fstazn@e FofE ke v@n%/ gﬁl uﬁéﬁ’fc@ conditions and
base materi al h-conduct i vity non-net

demangisnbThermiab nstetfhes mﬂtqnaéw myasompmﬁeePCWSUmdjunPCMétSF which is a
high c%gﬁg&fvn %@Lchtta%eilgeq%a%erial %{%u%l ture%arg)sgfgag%wglg Iix&tgﬁrbaélronal Inc., or
metal @odposual—basedcbmb omatremahozﬂsds esaxmﬁ:xtudtarmnﬂloﬁemels‘, iTh@snational Inc.,

B E TR T T TR —

SiC, daetiaal c@hpdﬁte&lmb&ﬁﬁﬂxob&&ﬁrr[ﬁb&ﬁés @hichadte R@asdFRA :hﬁh@trkpreaders or
as . | ong as the netal or

preader .
thoseWé'feéaTso'g?é‘H ﬂ%@ ﬁ%‘?"’é’?f‘ﬁ‘l‘ can di ssi pate sone or al | of

the el ectroni ¢ conpone

heat ated b
SELE‘E pegedip C‘é én%?l){@a ARS 5 iadbadyad 59@%%% ef the layered interface
materQTAORRIbEeS BreinS REMIPIRUE thebd GxoaKANMPNV RSN %ﬁ@ﬂ&éd}ﬁ préuced, the heat

used herein, the term"nmetal" neans thos ement s
spreadef, spmponent flasrabedl BB itk APF IS CRSIaReR hRwpeh e mting surfaces of

the tHpal iAferfab® EhRPBNIMd FHMONEatV s%ypeaﬁglo%% nfloRERNt ﬁlelfé'l‘ﬂrt allowing a

have netal -1i ke properties, such as silicon and
continyapyBigh sendugi viyaath Boel ene sustacp ke Biseotherspifoek” neans
those el enents that have electrons filling the 3d, 4d,

sompogery agegnaterialssipchwshing tegmalisansier ragisrialks, soptemplated herein
compﬁieeﬂiefétast o5 Héﬁdsﬂ?é‘dcﬁi' 'Eon‘fﬁ%ﬁeﬂh&ﬁ@?ed twtﬁl % tal@%@& cgatmg, layer

hose el enents that have €lectrons filling
and/ Oﬂsﬁl%r% ileast ane heppaliatartpce matmﬁdlaedsn epme hen@nml@tml embodiments at

least dn@CszﬂgéloQ rrfa@@nzllartg@%'ag cgﬁlg)oﬁlg&tlcg Yises E c% ?lﬁxrf%% a bottom

I's i ncl ude i ndi um ver pper, al‘um num
SurfaCbl@#mtrﬂeastefa@ h@alsprqadﬂandltmdl .oyEhet thermaf r,ntfsrdetzematenal is directly

depos§SEDH 358Dy 87 SULGE L98) SBLI Mool 5L Bomoren. 1

other gmbatinertgnthe thompd siransfsr meteahispmby rabso cmnpnse pﬁﬁl‘ect&& layers or
protecp%l:l cq%!cin%_phefn Wg}lt% rﬁr‘él”&’gaf%ﬁ %ﬁmerﬁ%wlill%% e(rét? {laycr is designed to

ound® a YERER
transfero apeonootho surfirat th: ae beetal-bised clemimgi niontemplated protective layers

comprise stiff plastic, such as PVC or polyethylene. The heat spreader component comprises
a top surface, a bottom surface and at least one heat spreader material. The thermal interface

material is directly deposited onto at least part of the bottom surface of the heat spreader

component.

Heat spreader components or heat spreading components (heat spreader and heat
spreading are used herein interchangeably and have the same common meaning) generally
comprise a metal, a metal-based base material, a high-conductivity non-metal or

combinations thereof, such as nickel, aluminum, copper, copper-tungsten, CuSiC, diamond,
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el ements by chem cal processes. As used herein, the

phrase "netal -based" refers to any coating, film
woaogasst7e on or conpound that conprises at | eaBCTMIS2007/001249

netal . Heat spreader conponents can be laid down in

any suitable thickness, depending on the needs of the

el ectroni c conponent, the vendor and as |long as the

heat spreader conponent is able to sufficiently

sﬂlconFL%&lfn@é MytabRid, %‘fnﬁsng nSRLRAL bitG SOHHRE cBinpofles! &fbon composites
8|

generated fromthe surrounding el ectronic
and dl%r@ﬁ% ﬁ@@po&@;mreﬁﬁp(alag@yor leithek ﬁ@lé,«g}ﬂg highngmdgetivity materials that may

not co{x]%hgclg H?e?z?i.esAxlgnn%Jl b1 204F og glﬁ?ag%% ac? g%%trﬁ??cigl c%%%%t d herein as a

n some odi nent’s, hesses 0
heat Smeaier,spﬁr kagars tho un}mdeqrt melaf—baswkit\:hisﬂ nﬁdmiai@agehssfpaadosmm or all of

the hegt Bped, B0 8 iReoe cBrtRa; SORBRGER MBI Eoeplated heat

spreadal' eompdents drbashoengadef thaBxdinplesmsaetien. about 4 mm  Wen
using a netallic thermal interface material, |ike
SAL deed hedeirc hhdgesma‘thétgh’ bastthosa@dietis thaygranie thd @block and f-

A T S T S —

properEIE@ Radh aakilicbh A68 gernbdndial ey @ddherdifans ﬁmaﬁ@ HM&H" means those
revent cracking of t he_ di e.

d
clemer it Bapt SifSHERs BUIEIEe A b dn Frrebials ShEowHing the nucieus of

the el iAeusld RdiginBieqitrhse 4MA6EBI mbitLhbac Bl ARLAT t'hﬁi have electrons
educ@ﬁf the coefficient of thermal expansion of

filling the ¢ anct Sherbitals sprrenpdigs thaeugdeusriithe e mhenﬁéétng the lanthanides

and thS RICAARRE. tl@eﬁh@ﬂ%@tﬁls%ﬁ&l%ﬁé ihdihs fsBler, E?%%_@l Qﬁmﬁfmm, lun bismuth,
| ower coefficient of thermal expansion mat er i

lead, gallpmppnd ellomge@ofc%bsé pogﬁcésme@ mb@r teafed aluminum. The term
“metal®241R0 nxn‘f:ﬁfdlggrhl At diffetallicd gl'tesér et éJe ga&%ﬁposxtes, metal

etc. Exanples of geonmetric cha
polymem comglosies. t 4y otsdh as| @helt angthle csmpealmr toAsjersBéa]sf&ein, the term

comp%gﬁ&a%?erangm Qﬁ%?a%%e %Qh ﬁ{atmétngorchgsnli@rF ?I% ansbaeu groel‘(en down into

based, 1 nvert pyramd s ower Iess
elements jHyf nle@:slcby phaesseg. tAe uspd éladmn tbjeqsnrs:mct‘meml%esdddvnefers to any

coatmgefﬁ CO p%gtp corg%% {ln«ggmttc?ggyng ?8 the{aﬁt | east

Spreadaer rrpon

nﬁgﬂl %r a%fgr gg%eggms C%¥ % Bdcf or {n an sﬁqgabg §1 ’n S,pending on

m " cou SSansct e s i S
the ne¢dsydrthe nMUombldomp@nentpﬂweudbt andhdst lan esl titechean ePreader component

is dbleal%O%\R nfegﬂ% %{)nnsthe tq%gy ﬁecﬁ?%pa t le%%tgzl %S Egﬁ\éhee? lgq,ag \égnerated from

the susmutdlag ebottaiue mbmponent Contemplated thicknesses comprise thicknesses in the
range of about 0.25 mm to about 6 mm. In some embodiments, contemplated thicknesses of
heat spreader components are within the range of about 0.5 mm to about 5 mm. In other

embodiments, contemplated thicknesses of heat spreader components are within the range of

about 1 mam to about 4 mm.

When using a metallic thermal interface material, like solder, which has a high elastic
modulus compared to most polymer systems, it may be necessary to reduce coefficient of
thermal expansion mismatch generated mechanical stresses transferred to the semiconductor

die in order to prevent cracking of the die. This stress transfer can be minimized by
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and ionic bonding, and non-bond forces such as Van der
Waal s, diffusion bonding, electrostatic, coul onbic,
woydrrogesr2 bondi ng and/ or magnetic attracti on. ACTWS203/001249

used herein, the termcoupled is neant to enconpass a

situati on where the heat spreader conponent and the

net al - based coating, layer and/or filmare directly

attached to one another, but the termis also neant to
mcrea%%%QHPB§§dl§&eois11%qﬁ$thﬂ N E id B O Rl Rl el%gl% the coefficient of

onponent and e netal based coati ng fa &r —anaror
thermglj expaapioncoll e beatosperaleanot h’eamgent!her gcan s»tﬁahe dsat spreader to
e th [ .Qnot er

mininf 38 H85° HHSKE | "EhFullsE DeCBNRS SRARGREP bR ane ' expansion (CTE)
materigbst adre baddi, C@}uﬁhﬁfg cdmyegra@hnié ocorhipbsiteg) oMflesrBcarbon composites,

diamo%xgr ggyg?@ngt her %{g&et hg|gebet ween t hgﬁgfeeait“&y%% a partial or

throu @lndboto thiel sr’preddér QO Iﬁieéﬂ&ﬁieailﬁéacﬁﬂbﬁhdkﬂﬁﬁtz&d foRhalg »asfhted, square

patin rs may conprise any suitable netal that
based yepig |P3(F%mﬂ’o§&*ﬁpﬁnt°t Yoareg sirpsscand stitfpesshian havipe dhg spreader cross-

sectioh Be dowé@yitfar tldscp@BBn&iERR@icTENt S, the netal - based
coating layer conprises indium such as fromindi um

Mafsahentldh@dPihe ak TshdBbiethean gpréé&f\@om-ﬂ&ﬁeﬁ@hé‘& bd @&?{qed with a metal-

coat i ng | ayer and/or filmis deposited or "applied to
based gpating dpyesfndir filfe dsrped bercist the iermesgouplnddaarans that the surface

and cERAMRONBRY: - andlts fikh ake PRYSCH ?O X §Oo&atdcB8d tb @ﬁ@rar@ﬁg:/r% théde a physical

may al so be coated on Ieast one surfaces
attractign ’t’%@’eﬁ’é é‘FOsPBftéa’B SratighapenTeprnents, incleding bepd fomes such as covalent

and 8RR b&sHiAR a8 PRSH-HERU %?cegséjﬁht 9s ShAY &e'?a“{)e{ai‘se dltffuaxon bonding,

met al - baséd coating, filman ayer can be ¢oa
electregtatig, cpelgntbiorhydspgen bhondingearsiior ineghetis atradtticnp, Alsayayused herein,

the telel CB{J 194 Q% nfe%ﬂt e 1569 s éat\{(‘ﬁp %eﬁze&x%%eat a@rfeader component and

plating or el ectroplating an
the mefabbasied ICQRtl’F@tlhIﬁI anffpa Sdmrpe dire@&s athcbod ttd Dgc bmgthms but the term is
{
also s A RRESnblss BlrilRh Pt B bpERRE fofuPhent gnd the metal
based \opitsg.alagexc and/ou rﬂlhearel a;upmhw\m bhe ahather itditdetlg — such as the case
sui t abl e et hods

e L5 Sl 0, BG5S P B B e 058w e
metal-bhsedacdaling, laaryte asd/of ﬁhhlos wiype thet¥re A50itee IDlenlaRgether between the
heat srés%sﬁ'i%wggmso B!l Betitern ponsins: 6 iéé%«é’cﬁar i ng.

E%pcg%rg atéocp ?%1% fé%:;xl;slesml ter tﬁ%&f’t a}y%lmn ggmprlse any suitable
metal that can be laid down on the surface of the heat spreader in a layer. In some
embodiments, the metal-based coating layer comprises indium, such as from indium metal,

In33Bt, In33BiGd and In3Ag.

The metal-based coating, layer and/or film is deposited or applied to at least one of
the surfaces of the heat spreader component. The metal-based coating, layer and/or film may
also be coated onto at least one of the surfaces of the heat spreader component. The terms
coating, applied and deposited are used to show that the metal-based coating, film and/or

layer can be coated as a liquid or melt, can be applied as a strip, layer or film or can be

-10-
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down | ayers that are free or virtually free of pores
and/ or voids. Another nethod of |aying down thin
woayers4oe ultra thin layers is the pul se peri 2dras2007/001249

reverse nmethod or "PPR'. The pul se periodic reverse

nmet hod goes one step beyond the pul se plating nethod

by actually "reversing" or depleting the filmat the

cat hode surface. A typical cycle for pul se periodic

' hadi -

deposiiRY B0 aplh JboorJpin or I RRDLRRE A, i SpgEaBt deposition
methofther e are several advantages of PPR First, by

"“stripping" or deplating a small anount of fil'mduring

edbesecypelabbaredredaging deyene wengeasieeallyi laid dowayf any emtiod capable of

' hesul.tj [ t I tio I n

produBE AERRIIM YS! G158 Wihlitn It ot P Lot GG R ITreh 1oy cown the
layer watty auridtioeln highndepysisal eatti vdlanysuitgbis mgethdds thd Glpparatus are

s BB RS W EFELR 0 R oS, BSESE methos i
spot plte{ngs whichinis deyeribeasingbt ExdaPesi ec@on. PROMETendBbd is pulsed plating.
Pul {I%Jngls nor nal | .donell.nssterrs with no free )

ulsect g eCIHEh e WYBIHNRR PlaHPgtas IRRINES I lisPuE e Riplating) can lay
down (S/ef BhEdre @ikl RF i@y 6F f¥6d sddtvaianot "strip”

during the deplate cycle as there is no cyanide to
alalnotick igetBod @f 18yihLdosHaahiLlayBHl Seulpladthin thyaRdis Al $6lse periodic

eriodic reverse systenms can be purchased from an
reversg mﬂa‘_ﬁﬁ gr SP}JF CoTng ke BEHIQNIE sysaymFihed Boghane BiPperapd the pulse
platin®nclitd by ﬁétﬁa]\ly'@ﬂeee@[n%"rbr @@f)felin% eStilf at te&athode surface. A typical
net al - based coatings, 1ayers and/or films for use in

cycle foipudsppeaiodiqaverse THest be B8 anhatr 2amps Failipdicifellawkd by @.5 ms at 10

amps Bfodidifen sl b.zrh B b bt tBhe Utk A4 s'év&n%ptah%g&géslcﬁ’wfl{. First, by

... Oor pattern. The pattern rm%’gtfe produced by the use o .
strippingrp@kdeplatingea praell ameuphgf Bln geougeedh ¢helea RRR fagees new nucleation
. | ' . ' . . | at ed

s G200 8l Y400 AN 20 RRUCEAAPLR B ETRLANA et co

be tailgirst foeproyisisl vere gniform ditis fiydsel astifvelynstiippieg  thé ihitle filmrareas during

" -2 S . f ] , t ed tterns
e “EORFRE. 0B Oy U R0 WAR. BAECpBELLSE Ml for some
depositionesuchl dsrgedd depdsitivmd daeuiso gokigplative mureally donb hosystems with no

v appi 1;NES: nt enpl at ed, t hin | ayer ultra
free c? | #‘coatl%]%ﬁ&ldav&@r %I%r?afiforflaar}cg’éanfc}eo?ﬂq]%l% (fel?é?\tggg'érﬂﬁg é‘e plate cycle
but camppdtsaript dueibg ithe deplafnggdle amtbere\ie modoyanided td hRowithe gold to re-
. ' -.atomc layer.of material. Specificall
aissorfe P KE P R Sl Bl FELT o™i B qutiessiyfrom any
suitabtetdonkee, burhodshecorepdmydikeeDy satrob MDAk €igh WIS ol &Y p4rd) on site.

are |l ess than about 500 nmthick. In sone enbodi ments,
c®he enpalohased ebatimgst hayers ayorsfilisefor use in the subject matter described

herein should be able to be laid down in a thin or ultra thin continuous layer or pattern. The
pattern may be produced by the use of a mask or the pattern may be produced by a device
capable of laying down a desired pattern. Contemplated patterns include any arrangement of
points or dots, whether isolated or combined to form lines, filled-in spaces and so forth.
Thus, contemplated patterns include straight and curved lines, intersections of lines, lines
with widened or narrowed areas, ribbons, overlapping lines. Contemplated thin layers and

ultra thin coating layers may range from less than about 1 pm down to about one Angstrom or

-11-
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| ess than about 100 nmthick. In yet other
enbodi nents, contenplated ultra thin |ayers are |ess
woOheot/oaksout 10 nnt hick. I n contenpl ated enbodi PEDUS2007/001249
the thermal interface material is directly deposited
onto at |east one of the sides of the heat spreader
conponent, such as the bottom side, the top side or
both. In sone contenpl ated enbodi nents, the sol der
even dBWE€kd Ble dife &f & KinBfs ﬁgﬁﬁglagfe r OF f’rpd?é}?‘a@d Eﬁ%ﬁil¥ RPeontemplated
t he heat spreader met h such as ting, el
thin layigrpgre Iessyihpn ah@llltdl mga 6r101190\£m ethesg ;@pa:;ndlmﬁnty,eccormmphated thin layers
o e B e e o e b e it (b EpLh M ffln tayers are
less than ahout 40O grathecduale ytihethmabmbndlmdrm eoneirgrlatad ultra thin layers are

lessthtaﬂ a%%@tefosnmtﬂ%i(u‘j' ng direct attachnent of a preform or
screening of a thermal interface material paste.

red | terf ae .
andtz&t8 ﬂ%r"?ga?t&?r ans éljflg%g’t ghrl a gm :Tfra]c Hhee eﬁlraga éilr"r?ﬁﬂ% deposited
onto ahMt eqmr @‘athe sidee 0P drechitat spreedei dmrt[hﬁeﬁle aficksgy iha®ettom side, the top

Sk e e RN T I A T —_
disperﬂ;bdlcﬂﬂzstly one tHeclidmlspicatier bpeeetiBdesichl as eI LitRerbld® spray, liquid
i.nterface_mater y deposi ted onto

moldipR S BPYATh SPTacls O (9B ST e SR pHene g of thermal

interfat@pofidriangs EPPLYIAGn@T coiisihbd Gvith k& nRATRA 60 MuliBfhg adequate
filmor layer on at |east part of the bottom surface

therm; iRiFHap, SFAETHlo HUTRE LIRS diFS: (HAGRIIS of g, Preform or silk

screerBRP LY h Bkl @@RacH thdiélealPasteeast one thermal interface
material onto at |east part of at |east one of the

S Métﬁ@@ﬁoﬂifbrrhﬂfg 1heatd aRreAl Blte $RXRANBAALS 20 %8ermal transfer materials
deposited, applied or coated, the thermal interface

mcludﬁat &) Pxpviflinger heanppipader compsmenbnwhersin the Hpstesnreader component

56440 186 stiade 8 LBRBI HPfBAERY 2 RLG dndh
compthat |gsexaose .to the aat rmsghere r]lor e%é%fp%km b) providing

at leagf; gpe dhqrpal itgepce materizh phsteie dhe tsbemmrm@afa]celgnatenal is directly
deposﬁ&'l 8hto! e ibBaRLRA! dudtal-OBr E}I dﬁe&g rslgﬁ%%der Hj}%ﬂ? t: %? Hgﬁ&%ﬁg applying or

ditional nethods i1nclu
coaunacm@@twaqus@hem filamor &M@p ohrag ktdsépat of dasbottme surface of the heat

spreac%g RSH \6 erft? EEEH’Q)Q@{Fo%R{n ¢ eé@?ﬁmtgn&ﬁc{] ?g tk?et at lggsﬁtong r‘El%armal interface

aces o sSpr ea
materwhpeiiq Qilleaaﬁpﬁfb@f atdeast onq ofithe| seafstespafithe héatmbmaﬂmmonent.
interface material. At |east one additional |ayer,
i Ruicadiepgsiteds appliadadrecoated, the thermal interface material layer comprises a

portion that is directly coupled to the heat spreader material and a portion that is exposed to
the atmosphere, or covered by a protective layer or film that can be removed just prior to
installation of the heat spreader component. Additional methods include providing at least
one adhesive component and coupling the at least one adhesive component to at least part of
at least one of the surfaces of the at least one heat spreader material and/or to or in at least
part of the thermal interface material. At least one additional layer, including a substrate

layer, can be coupled to the layered interface material.

As described herein, optimal interface materials and/or components possess a high

thermal conductivity and a high mechanical compliance, e.g. will yield elastically when force

-12-
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| ayer, can be coupled to the |ayered interface

material. As described herein, optimal interface
wort@ros&7s and/ or conponents possess a hi gh t hecmais2007/001249

conductivity and a hi gh nmechani cal conpliance, e.gqg.

will yield elastically when forceis applied. Hi gh

thermal conductivity reduces the first term of

Equation 1 while high nechanical conpliance reduces

is applib&. SHEM thdrRfalcohBfetivdyerRdcd NtR FRGetRl 6f 'E%'u§t1<ﬁf‘q while high
t he_ i ndividual conponents of the |ayered interface

mechapigab FPE‘lpélaﬁFésEeldPB%sdﬂﬁe‘ﬁéPW srebnpihics leyeiedsiategtrae snatenals and the
e e
R e
goals. n'¥hen gprepariapreduedd, thecheah sprsadler qunapdreoederatibed héreanaill span the
b | ow
Y T S p——
compdnkst Ctelnary allmf/mgea cSiii el d'ugllil e:bl’(dhcti\ﬁtyepitaCﬁEom one surface to the

onents conprise those materials that can conf or
other FETRRT ltobE Bitdal ol it rarnbeitats GPRRESS Ihosgomaichely that can
conforlio v thd Katihg rsﬁﬁhcdsqsmtsaﬁﬁe saifcd)0p6£ESs & 16WWulO Bcdtihl resistance
resi stance. A sujtable interface material can al so be

andpoﬁ?‘??al?rég‘dlcﬁf‘?ﬁéfeéﬁt%“ﬁ%t conprises a sol der material .

The so conprise any suitable sold

b SRR e TR AP eI o0 (e R Lea Y FEPATSg Ghp dromprises a solder
materidl. UTHeNsbRext inﬁtenbl Syt ébmﬁr%danj;g ghikdbnsaridr %Hté}lﬁ or metal, such as

thereof, silver coated copper, and silver coated

indiumy,| PR FRPPBut PN, t-dpefPrid leadagalline a) allays fagrest; silver coated

coppei§ ORI §ibReri ddetcdMl@middie] Bat 188 Stk fhar Tl Ts@l@me material comprise
interface materials nmay conprise a conductive filler,

indiung, ogdpdium-basegt Alayal | San@bledwerﬁ@qeowaml% Ty GRS conductive
filler, 4 BRXARE ma-{&?alsé)édigér a@%§%ﬂd'e6&ﬂixﬁzﬁﬁﬁs WedEsd al s, as

descri bed herein, have several advantages dlrectly

r'ﬂx@tsgﬂle} %aééﬁelrﬁé]‘?acgoﬂ?@ﬁﬁﬂt af rlg:'st;k‘ﬁ% L%loﬁ vex%) advantages

: bul k thermal conducti vit
dlfecﬂwerﬂflétpﬁeaa aiset prd Jf@inmqngms @nga@esng,l @mlr a@o nt@clhlgh bulk thermal

condué®hyst BN Getfilict ﬂ'ﬁ\ ?f BE Gonift LSl AR 1}1@1' GRS jower contact

easily mcorporate 0 T Cro COMponents, Scomponent s
resistageed) herinteafaee | Soldes m'cmmlalmlhe w@kidy nnmwat;:dnp@rmmrs components,

compdinfqfikh W&elﬁ@%ﬁ%ﬂ*aﬂ SHES ﬁcgipg W ppdul us met al

coate ymer sphere or m crosp S nmay be added to

tRG actﬂilg&{al %}rﬂoh?xgetsgcﬁj ggr | t s c%g:rllpé'l'r}%tzﬁlc%%ed n%olymer sphere or

nodul us of the'so conponent
microgphgyesiyaay bel é@idquOtth‘teS@dbld@atetml pY dermeasewat bumlaamctrh@dulus of the

solder. An additional component may also be added to the solder to promote wetting to the
die and/or heat spreader surface. These additions are contemplated to be silicide formers, or
elements that have a higher affinity for oxygen or nitrogen than does silicon. The additions
can be one element that satisfies all requirements, or multiple elements each of which has one
advantage. Additionally, alloying elements may be added which increase the solubility of the

dopant elements in the indium or solder matrix.

Thermal filler particles may be dispersed in the thermal interface component or
mixture should advantageously have a high thermal conductivity. Suitable filler materials

include metals, such as silver, copper, aluminum, and alloys thereof; and other compounds,
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di e and/ or heat spreader surface. These additions are

contenplated to be suicide fornmers, or elenents that
woave/oa43e gher affinity for oxygen or nitrogenPCias2007/001249

does silicon. The additions can be one el ement that

satisfies all requirenments, or nultiple elenents each

of which has one advantage. Additionally, alloying

el enents nmay be added which increase the solubility of

such dshBoftpantide] anmham Rithife s UBALd SRbH&! s*ﬂi%f édbted aluminum,
Thermal filler particles may be dispersed in th

condwth\@r PRIYMSRY afd 5a00r difiseh drrmbinatipng of Sorhonitede and silver or boron
dea 70
o NSBAOEHIE D8 Bl SRASLI B SRDRHLIALY, Boron niice
amoun;f,ﬁ» pfatr leastchwi % ahdimilyrrrin amodnts ¢foa}tslemeibemf 60 am@ are particularly
ot S c ) ni Lk de
useful.ni ?x??edgﬁgp%\%gsr \xﬁtl(l}a? tﬁ%-map 8nduct1v|1t9/er ] reatJ qtﬂglr &lr)ﬁmnt and most
preferagndulchitabopoitq Véins Chcmi hearsbdrOfatlmeny it Goddsiraate bing ofiller of not

_ t&i.de~and silve boron nitride and
less thax? Qout?% \K’I/ Cgﬁl §81 %rv:{ até

copp l&ﬁhanced t her mal

ct|V|t orqn ni rld in apopunts of | east 2
\/\g h'and MK \f%‘?Ei ‘{mtsg le o hepmel é’th% %60 We"%? can be
produ@ld@rppméd chudt &bh@priﬂé@ﬁ b&sm Piehesr ald ¥ lehétldrersdldek indhatetial. The resin

materiph SrL PAY 6 £ SISO 450 op b fh PBSHRE el the i material be

sxhcor@ﬂias%bbmprising Smde:Slrﬁ@é ddinpams asulch | dsebingf sﬂfébné edfiyl Q resin,
Ja abc;gt 80 WnC thermal caonductivity. Another

hydnde Hp

ﬁ%axwlegwr@-vemﬁmwpmwf sQldermatepiphmay comprise

any su@tdﬁle&%ld&@ﬁ’dt@ﬁﬂ/ @rsear, eced ibaﬁldﬁﬁﬂpillv%esccfi‘) £€ Slutninum, tin, bismuth,
m xture and at | east one sol der materi al The resin

lead, gallipiagd sloys thersel slverRpatad ¢opeE 3ndstilverapaed alumigym, but it is

preferfel th& tRE S61BEF RdtekAPEorhHEscl Bt BPInRihALbaRE& allo
silicone-based conprising one or nore conpoun&% such

aPhy bMbr-Bideli GRIREracd iAMriald, & £ pol¥ald Duch %ﬁéﬁz@ﬂ Holymer solder
si |l oxane and platinumvinylsiloxané. The sol de

hybridmeteripls| angegtheiipidardasethifterfice aprierials) gedesstibed heeinphave several
dvaniiBtal Heffed L chiBonefOBRGeerle T AL: 14 he |
? vanﬁlgsnu%re&%f 3 gal |1 un%1 ar?d*g) P%ys&p%e?eeo rgu%&i']% #the interface
mateng]émlmjleg gglggr magqn;d s beusehin GH sgha)hgmmn thgtorider ofs2 millimeters.
or smzﬂfe?fﬁf @qnf tc tn'ﬂﬁer%zﬁ} iéymé}ast ?&ér%atgggp{: > 10&%:19 IHlé%lpate heat in
I ndi Um base [ oys. sol der - base ace
those vigry esnpadl SaPSs@cwelé apdﬂrgmapsomdéte mtsteccpradeauo:wdﬂsykder materials, and
S h a n sol der
o) e B H A BB a8 el T O S AErmapas ot micro
Comp(mmanc‘agpenamsr erﬁdl fgr sa&tl htes tartdos o Belanidotio kpoipendnts.
engi neering, such as: a) the interface
Resin-containing interface materials and solder materials, especially those comprising

ver

silicone resins, that may also have appropriate thermal fillers can exhibit a thermal capability
of less than 0.5°C-cm*W. Unlike thermal grease, thermal performance of the material will
not degrade after thermal cycling or flow cycling in IC devices because liquid silicone resins

will cross link to form a soft gel upon heat activation.

Interface materials and polymer solders comprising resins, such as silicone resins, will
not be "squeezed out" as thermal grease can be in use and will not display interfacial

delamination during thermal cycling. The new material can be provided as a dispensable
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mat eri al / pol ymer sol der material can be used to fill

smal |l gaps on the order of 2 miIlinmeters or smaller,
wood7ve437mt er f ace materi al / pol ymer sol der mat ePCaIUSE@MN001249

efficiently dissipate heat in those very small gaps as

wel | as larger gaps, unlike nobst conventional sol der

materials, and c) the interface material/pol yner

sol der material can be easily incorporated into mcro

liquidRRROWESY SpplRATBOARPESsIMS BtHdds Ml BEA ichRY a28&iRARIH can also be

.el ectronjc conponents. Resin-containing interface
proviqfg;asia hipaly SomRBPhErsth pad parsibly esprsdinkebie elpsgemer film or sheet for
R b1 oA JinfdrfdcE QRErLES | b8 al i
pre alg)gipr opr i a}tg thgr mal afi [l erg %gﬁéag}ﬁ?lﬁl t%;a‘/?%gﬁ%lfdy’ fillers with a
thermglagruidiittivity of grcates thanaabo0t B andrprefigrablyl atkeast hboutai0 W/m°C will be

grease,. thermal . performance of the material wl] n o
used. JERRRGUY, AOERIBT a HaE & PG of oot B st Pt 190 R/mC thermal
condudavity.es DE ajnsRfdck (whdeddll ieGRAR S e HeMalM diksipARTS Il Migh power

.to forma soft_gel upon heat activation. Interface o
semicppductor,devicasy Bg?ﬁfétﬁ w3y dsrformylagd as agmixtyraef fungtipnal silicone
resinsamd FherhaPRfefeSi NS, W ll not be "squeezed out” as

thermal grease can be in use and will not display

| A QIhyRQ) aésifled aniRealvhien AW shgidiReLitRbnd Hfiten _glavi};g%e following

new material can be provided as a di spensabl el i qui
base pohuper s@chEeappl i ed by di spensing net hods and t hen

cured as desijed. It can also be provided as a highly

conpliant, cu ed,sﬂ\qu(ﬂg_gg}pl y cross-|inkable

el astoner fillmorisheet for Zprselw@gphi:e@}jzo on

interface surffacedg, such g8 hdat sinks.

Advant ageou f&]1e@ Wth § thermal @eaductivity of

greater than {aboul 20-asp—w-efserablysidt |edst about 40

WnC will belused@ Optimally, lit is Hes® to have a

filler of not| less 8i&n about {100 WHC t herrmal

conductivity.\ The interface m#ieri al enhanges thernal

di ssi pation of high power seni|tonductor devices. The

paste may be fornulated as a m xture of functional

SiMihRIO0E B B ald Libgr E@hfofré:ih};_e{cﬁﬁtiv%svi’&y%dcgjﬁﬁ%!ufk elastomers.

is an activated cure specialty sSilicone rubber having
Examplgg of 3R igpip séwpepspnpribat Raveiaitlorse 20G RytesD aesVYQ@d-135 (DMS-

V41 B¥s8), ¥ Q0 AS@IMSEVAE Habd)N o AU DY 350 in AU UT €
el ast oner s. anpl es of ‘“vi nyl fesin di spersions that
have at |east 20% Qresin are VQW 135 (DVSV41l Base),

VQW 146 (DM5- V46 Base), and VQX-221 (50%in xyl ene
Basah. example, a contemplated silicone resin mixture could be formed as follows:

Component % by weight Note/Function
Vinyl silicone 75 (70-97 range) Vinyl terminated siloxane
Vinyl Q Resin 20 (0-25 range) Reinforcing additive
Hydride functional siloxane 5 (3-10 range) Crosslinker

Platinum —vinylsiloxane

20-200 ppm Catalyst
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As an exanple, a contenplated silicone resin m xture
could be forned as foll ows: The resin m xture can be
wounoEdset72ei t her at room tenperature or at el eraras2007/001249
tenperatures to forma conpliant el astoner. The
reaction is via hydrosilylation (addition cure) of
vi nyl functional siloxanes by hydride functional
siloxanes in the presence of a catal yst, such as
PTRY IBUM KO XES B &k ek SGBRP! &X&Som Pt@ﬁfp%fa&@& or at elevated
pl ati num catal ysts are SEP6830.0, SIP6832.0, and
tempergfuies i fpsm rM@npb%m@ast@@m his! spastiorsiarvin dydrssilylatign (addition

I Iy t
core) 8 WAEATRRLAGAIRoth o S50 GROLY UTELRY U g e of =
Catalystosm@@mlai@mm eapipktxed cexaﬁml ezempllemydrﬂrderrﬁdl patingmm atalysts are
SIP68§(5b @ggﬁ Bc%%tdpqﬁgetrgy‘;m l?ﬁgSl | oxane-di net hyl si | oxane

ymers t ecurar wei ght about 500 to
58$$femgrexe:;dafe2:. 051153, SHRafE VAT R SBBHGHY gogsemonny
siloxame:sught feivasatmukculaewtk ocﬁfabbutgmoecm 39800.nKodemypltityd examples of

. t o ar er.sed
nyaricR P Shor ot bR BT B RBRARG et s Eiefe opotymers tha
have drBiofdcuBir Weightt Abud esorteos(m)pp Phodtdlanopditied esd 8d vadikd&fom a very

soft g%a ﬁ%&l)nalilsaf %;gery glafu g]xff{s%l? nSn%yl %)lBga;) g% G&g{olilnrgrslllét&ggk of higher
crosslinRdetisiybased al |l oys, tin silver copper alloys
(SnAgCu), tin bismuth and alloys (SnBi), and

abollden tiitddRge that @i aispdsedntl B kay$ miktpe atabdtemplated to be any
suitab oﬁ%ﬁ)‘f”ed solder materials _are those materjals that

F errRlitahiherrsired raRticaiey- dielrryd tpldch Aty are indium tin

(InSn)WaliHysa dd i fuin® %ﬂlvelekﬁiﬁ%t S1b s, PinaiRh-Biswaith | GlﬁlBi)Oaltl(ﬁ% indium-based
heat, spreader acksi de surfaces.

aﬂoysp%W%Pypea@élew B §Heks Habismite @paegomséﬁlw@dahamnum-based

compERIdR 04N bReyd hekipekiay *)Fé‘fe&@d‘ ts'oﬁie?smﬁﬁiﬁaﬁeafg IRESRfdterials that
N the resin mxture. t her mal ler particles are
compyisedadigm.j Fhe paldpegiay %rszftm@t bet mdt\wé!s @ddifippalrelements to promote

wemng%meoﬂc%sp%@m&@r éﬂ:%k@%%‘ﬁ&é’eshwe a high thermal
onductivity. Suitable filler materials include

S ks it thegﬁu &gﬁ\h@g&fﬂ,@mm&%s Heb @Y rh&%hglgfansi | \f/@ranems, thermal

nitride m num spheres, umnumnitri , )
filler pasielesimes e alispesseldinrthe sesie ﬁu&mcﬁm Huhermwd fidlen pastistassire present in

the reéﬁdrrﬁﬁbl%o Nndd *Bﬁ‘és% £0at ﬁqrqgléshsﬂa%ﬁ@'aav n%éa,hss) }]desa high thermal

conduct | ve pol ymers or conposite naterra
conducipvity- nSpitene fidler eatomalpiinelidke sidved, edpipearalemipon.cand alloys thereof;

boron nitride, aluminum spheres, aluminum nitride, silver coated copper, silver coated

aluminum, carbon fibers, and carbon fibers coated with metals, metal alloys, conductive
polymers or other composite materials. Combinations of boron nitride and silver or boron
nitride and silver/copper also provide enhanced thermal conductivity. Boron nitride in
amounts of at least 20 wt. %, aluminum spheres in amounts of at least 70 wt. %, and silver in
amounts of at least about 60 wt. % are particularly useful. These materials may also

comprise metal flakes or sintered metal flakes.

Vapor grown carbon fibers, as previously described, and other fillers, such as

substantially spherical filler particles may be incorporated. Additionally, substantially
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nitride and silver/copper also provide enhanced
thermal conductivity. Boron nitride in anmounts of at
woeawos202w . % al um num spheres in anounts oPC&US2007/001249
least 70 wt. % and silver in amounts of at | east
about 60 wt. %are particularly useful. These
materials may al so conprise netal flakes or sintered
netal fl akes. Vapor grown carbon fibers, as previously
spherich@SsHapbechr afed likkhesll f hlkd epovideu @Bm@sc&uﬁﬂt @Pﬁh@' thickness during
herical fjll ergﬁartl cl es may be incorporate

compaglyon.{ ISREFFPN &, taRtfislasyshit fecdhitatadapr dhe hidifign of functional

organd kRalit| douplig® A2EMMi e Wik %@%t&ogu&f ad RBgdddsRARE DR ganotitanate,
during conpaction. Di spersion of filler particles can

organqzECPRENY. iefGat dbe Bysatvemstadlic cowpliTe agants, icopreiallyr gigapotitanate, may

also bgeﬁs%hl fo zﬁ:ﬂﬂme' ngltﬂ’%em"sthg rsoY@rtﬂnQ&nQE%GB tﬁé‘czg)tpﬂgahon process.
or ganosi ane organctitanate, organozi rcony

Typica} ipertinlesides wistull for Gllesiipl the gesiyomtesial espyd ialthy range of about 1-20

. ng itnt nmh | so be used to facilitate nelting
Hm Wlﬁ{g%h %ﬁ%tt @ﬁn during the application process.
i cal artlcle si zes. usef ul forfll inthe re
n%FeSF.Ca R By oD P g romB LS Pl ey g ome silicone
compcﬁimil mumtofzoabmght H0cenn) orEﬁﬁSt@taﬁﬂepﬁbmde WEghC gaﬂéems &t least one
foII st ope_sjlicon

solder hgiESing T10 T 51€56 PRESREh( L I56T ERRPOUTR ROt Gimore of the

option@t é&im&xhsg Rig. peE@BNity edhah®@RASITHNEN&SRItSIOF siid &ddiBbnd Mal vary but,
aglly wei ghqe percent. These conmpounds may | ncl ude one
generally, thsvemay bendseBHly BrrsPntatidtbe; ioHewing approm%.amwts (in wt. %):

filler @NE19664 of T&tﬁl mwrmas Qémﬁ:%c Rveasieliity &n&ne@ryo V%ysdﬁ%f total); and
general l vy, may be useful | resent in

adhes1pg IPFORPYYE %Bb F%)lqﬁﬁ‘ifem% Jhekoudd ke gotedoghe aflqiqtqog rat {gast gbout 0.5%
carbo@ﬁgféxoilgﬁl@itciﬁhl)( fdckéa@és fﬂeﬁﬁaf &ﬁidﬁ%ﬂwty‘/\et[ﬂmel édxﬂ%@sﬂmcﬁé described

t ot al ; esi on onoters
in US fsguedfPatent 4706219, § ohbplicston diesil Nec. Q@I 1598A fled on February 9,

2004 |aﬁ§SPCq'b@Hﬁéalo NP C"’lﬂ@?}}ﬁféﬂ Phor3, IRhichCaRt | LOGGRS §E owned and
hermal conductivity ese conpositions are descri

incorppratedcharsinuia dhednensiretyorpsddaence)S Appl i cati on Seri al

No.: 10/ 775989 filed on February 9, 2004 and PCT

Sepntgmplged selgTy CJS@'PPSMG&% afﬁ/\hﬂ tdllaarse HSn edR¥orihy(by weight) and

b r

48% SHIS R0 R LAARE bolit it f15°C, BISLE 1% 1 B8 ol and 3% Ag
(by W¢1ght)mh al melting 1Ed66 Of 163>‘SC viei gHOPZairdlivi8YbSrweiblt) with a melting

point (%ﬁ % gti\,(]\ﬁ\%e 09‘%5} | g} zga%ox'vé‘fgth 3 %%8 ’lver?@yg welg%Z) andn2% copper (by
weight) with a melting point of 217°C, SnBi = 60% Tin (by weight) and 40% bismuth (by
weight) with a melting point of 170°C. It should be appreciated that other compositions

comprising different component percentages can be derived from the subject matter

contained herein.

Phase-change materials that are contemplated herein comprise waxes, polymer waxes
or mixtures thereof, such as paraffin wax. Paraffin waxes are a mixture of solid
hydrocarbons having the general formula CyHap,» and having melting points in the range of
about 20°C to 100°C. Examples of some contemplated melting points are about 45°C and

60°C. Thermal interface components that have melting points in this range are PCM45 and
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(by weight) with a nelting point of 143C, In = 100%
i ndium (by weight) with a nelting point of 1570C,
wenigo8457294. 5% tin (by weight), 3.5%silver (BgT/US2007/001249
wei ght) and 2% copper (by weight) with a nelting point
of 217C, SnBi = 60% Tin (by weight) and 40% bi snuth
(by weight) with a nelting point of 1700C. It should
be appreciated that ot her corrpositi ons conpri si ng
PCMGOHTT er @dth GRAMPARMedPBY 1 GABrRBoAR" ined PJIPMer waxes are
. the subject matter cont a| ne her ei n. Phase-change
typically palyietlivdenehaxesy BolyBropy e Y @S nerddiaye eoiepes ebmgkinsspoints from
about BV Efcor@xes or m xtures thereof, such as paraffin
wax. Paraffin waxes are a mixture of solid
hy e RCAL f 8 kRNt .
hggl ng ﬁga\&?‘%‘t‘% Q?%&f&%h?;rfgaggg?& about 26@%@%’1 resistance of
about @6YCc msl typically spphedoat mtbwhhfaiseﬁ alrebttQ.9Q)L piochss(0.04 mm) and

compr?%egta E%énaj%%l?ﬁlgwg%g % s:]T}hgn ' ok elré‘dagreeéé: 0&1\9&53%%‘]% 5 to 30 psi.

| S r
Typiczﬂm]ﬁ@(ﬁﬁidﬁcs olf M raué ab:taum@dr byghHpaskppilg| density — over 80%, b) a
conduc ol eﬁ{]at I l rc—l:gyslov\b 61?(%%%6%%% %écae\g\glgzééglrg%loﬁge gagier d) about a

45°C ps}aisg ehmgmmﬁer@uml PCHMEOHDcahprikestd Herinal &&Qﬁcul?@/% about 5.0

Wienke el ERIRACE BP0R Dol COEm 00, e NGAII, PRl  fhickness of

about en»phﬁ @fbhat (@011 s kaebSompriah @lUsbfthQtQﬂlﬁl _ﬂBCvlih@oSea(sz @hder an applied
and c es a ft materi al W Ng _easi
pressuge, &g rabgﬂt gnt‘g éDs’pr cgftrag@gﬁpcss of &G 6%]) are a) a super high

packaglﬁgl&ﬁhlt)‘? hagaetgeh, St £ SofdudBeMRI! 8) SlrdndyRsH tﬂbﬁﬂal resistance,
packag |gq%§den5|t - over 80% b) a conductive fil

and a%)meéikipfl pslier siy aheut #af0 CeBhaseashnage etmip@r@t%ntTMﬁéa (a thermal
mterfa%@r Eérfl'goﬁe)nt ahQuicothfiRingPNASasd AR L CHRRNAT Wikt masnu(i)”actured by

conprises a thermal” conductrvity of about
Honequlfk Intgraaiepala nG: e sPEPEALE aotheamal conduchyity G Abouti 3.0 W/mK, a

thermélyrgﬁgtﬁhéé’ op%u't B s8E AW, 94(@?&112 afp?ﬁ&i‘ Le 9 thQQJn%ss of about 0.0015

I nc . and conpris

inchesf (0¥ ngn)easi Wrngna@ra arstatipiticed Yer thesmlly qfreéboutsost gd. Typical
{ S0 PG D .

charac%%bsgl?%k of fa %%g g?%&%&ﬁ g@: yﬂ)a?:%\a}gl%g éig%qp){;% ogtrare 8@‘)6, 3) a conductive

filler, e redtretricle 16w | thermalciesistancend) pbbwwa t 126PGraduring temperature, and e)

L <t LT e —
about do%ﬁa@%ml( acxhenmrpmesmtange af pibeae 0C0Ggen L, ds itepicaliyl applied at a
thlcknggsné‘ltf Ay be(ﬁ)Zbl%m and comprises a soft material, flowing easily under an applied
pressure of about 5 to 40 psi. Typical characteristics of PCM45F are a) a super high
packaging density — over 80%, b) a conductive filler, ¢) extremely low thermal resistance,

and as mentioned earlier d) about a 45°C phase change temperature.

Phase change materials are useful in thermal interface component applications
because they are solid at room temperature and can easily be pre-applied to thermal
management components. At operation temperatures above the phase change temperature,
the material is liquid and behaves like a thermal grease. The phase chaﬁge temperature is the

melting temperature at which the heat absorption and rejection takes place.
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Honeywel I International Inc.) conprises a thernal

conductivity of about 3.0 WnK, a thermal resistance
woho@mses72 0. 250C- CnRAV, is typically applied aPC&US2007/001249

t hi ckness of about 0.0015 inches (0.04 nm and

conprises a paste that can be thermally cured to a

soft gel. Typical characteristics of TM350 are a) a

super hi gh packagi ng density -over 80% b) a

CBé}dffﬁI—ba@dpralse lcharfge @%ieFHAIE hYyweOsY, A0 RBYeral drawbacks. On their

resi st ance, about a 1250C curing tenperature, and

own, thy eATspR ﬁ%la/bﬁrégl}?o?nds(ﬂlﬁ @dine-herdisd Thst #ap tegd to spagpgsout of a gap
from tﬁ@Harlbéﬁﬁwﬁmmﬁw&leoa?,sﬁédl&ﬁﬂ,r\ég f}ﬁénﬁﬁl @l‘eﬂ v}g erg ﬁm\é!mfm gfa\ease The

her mal resi stance about O. , 1s typical
rubberggspin; mgdidtedparafifiokprdgmenvay tﬁd@&enodwzlbmhamm auoigs |tlsﬁ§§ problems

o L Ll UL, 13 by ORI gy e

tape oofsom:l\lfﬂﬁﬁ frm, aa)ndadcseupmt tuingrh opaok @gud@ udéﬂsplteysure ow&lthough the
t her

o ler, c 0
mbbcr_%é/il)ns@% ?lé&?%%% r}é g Nt ihg n eaa"eeéf I erly g? §%‘8u¥¥m§p 493 E‘% e, their melt
viscosfipas emedhahiphet anpehat do eot Bhigsae chsibge Nfateef/d:ra kise arter-wax-resin

.. useful in.th | interface.conpanent a cat i .ons
it e Y L - CRosAL kG D p UGS ESREFHBR e the pump-out
probleﬁ&?uh | aerdain I&pph@@i@hh.edEieﬁnplB§ rdf%orﬂ&ﬂpﬂx&m%ﬁhase change materials are

one At o r es above the ase .
malen{zRg R ARG Oy aCRATOR, ARCEe| At 28 doUBRRpHlene maleic
anhydhti& 8vax. t hﬂ[&&bb&&@%ﬂwa}hﬁn%?&ew‘m e Rl [E efodfaUi€al ®mperature

he nel tin enperature at which the heat sorption

bawe%’hﬂ"?”é Pade qéﬂ ¢ kg geeslinked ryhbsrpedeacisivike change
erlals however, have several drawbacks. On their

e cppRiaiydpderaglyinteriice | omprpeat fcap kA pravideday e dispensable

liquid Fﬁﬁ)é t8|b20agiptied Hﬁl%ﬁﬁé%@ﬁhbdgts&h%%cﬁéeﬂ'Brfﬂiﬁlgc@vét@&ﬂmg) and
in which they are applied durlng_qthermal cyclin very

then chsedips|depisedrie sar alsribe provBed 23 a highlrsenmliaat. su f elaptormer film or

sheet R IpYdBppIT&XionYoH Brarfles Ghirked, glﬁ:'heisrhe%\’ @nflS ¥8RGurther be provided
probl ens and provi des significant ﬁ i nproved ease of

and pmawm W saft gelagydisiued Bt part bryapplisduiosyrfiapesteahsvdtable dispensing
methol 2REcHP as ?Qkéeg ﬂr?r)fﬁ{ efno %ﬁ ﬁ&ng%&?ﬁ r@{)eb nPHilthe Pu{heo{hermal interface

ekude un pressu er-resi n-wax
compgriert gae dberprpvivadeast heapsatizat oan be aagpjaed hiltresdyrgo interface surfaces or

0P their melt viscosity is nuch higher and
decu&nﬁ &éggnot ‘mgrate easily. Mrreover, the

fé?gt{acﬂ@&flp?&aéésgnm% %ﬁ'ﬂﬁlﬁ s&ﬁugﬁs'ag ‘{j i@ 8g%erco|%mect) packages

Cross I ng, sures elimnation’o
compqmm mpreobbepenentcef tha itherapp lintesacommterladgtebedherein and at

least 89&“%%!]941% ec%n%%%gt Chﬁpegg tﬂgﬁﬁall ir’lrltg’rfaacree materials exhibit low thermal

resistance for a wide variety of interface conditions and demands. As used herein, the term
“adhesive component™ means any substance, inorganic or organic, natural or synthetic, that is
capable of bonding other sﬁbstances together by surface attachment. In some embodiments,
the adhesive component may be added to or mixed with the thermal interface material, may
actually be the thermal interface material or may be coupled, but not mixed, with the thermal
interface material. Examples of some contemplated adhesive components comprise double-

sided tape from SONY, such as SONY T4411, 3M F9460PC or SONY T4100D203. In
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mal eni zed paraffin wax, polyethylene-naleic anhydride
wax, and pol ypropyl ene-nal ei ¢ anhydri de wax. The
woubiyas437esi n-wax m xtures will functionally fecmuarooa001249
tenperature between about 50 to 1500C to form a
crosslinked rubber-resin network. The contenpl at ed
thermal interface conponent can be provided as a
di spensabl e |iquid paste to be applied by di spensing
other BEbBEEITen(S UBE AheSos aREy BEWVBLhE GdaiticHaEHehdtiddddf aftthing the heat
then cured as desired. |1t can al so be provided as a )
SPfeadh‘i‘%?ﬂ‘S)P‘&?Hﬁ Fq thgPackagesystEate idspendenf Phitisrthemal gnterace material.
pre-application on interface surfaces, such as heat

st A Shermal dnisripgs cnatopentpr i eeeslnkablsr batredldinggfage components
and thz‘r:]ﬁéat @ﬁllea%fr drApbsntd8ln E@@Iﬁ(ﬁﬁidﬂ@ﬂ& 'rl]a?%bsa}éﬁ S TRER8ed By using the

y suitabl e dispensing nmethod, suc
methodg peanoysly desartpedrhdreiin. | Eie pro gpinpgnemy éne thant plesicallecoupled to

i o) e pr.ovi d a
prodsk LB BLAEL 2R AP LMo SRR ) 6302 RS  couptc o
bond ke tarmsrthe coompom bnusdarPbetvatch deloephisr ef megendd geice. An interface

may c%rga%ig?é %g%léagﬁgﬁgﬁggé%@%%g | gcgug:{lg ?)ﬁ V\(/e(t(): tﬁ%[;t%f rkn%ggrsor components

or a phytiedlf @wectivai betvales tdeSgartshafimheecbn camgondnts, dasldim@ebond forces
adhesi ve conpaonent. These thermal interface terials

such 35 KRORIET cOl Rek o PORUBE S PHRCEOT BPPd (8. Sufh iy Vap der Waals,

electrosmiries ﬁ@gﬁnﬁﬁm thydiapes bandingeimed snaghetit %ﬁ:ﬁhcﬁ@ﬁ.e MAe ti6 @omponents,
te "adhesi ve coppopent” neans any substance,

as despbrUGIPR BiaYoHltaRT ERyHeally Saupld Y MR oF SpRlling qng component to

the suffagadl e 0thdpebdipdget her substances together by

surface attachnment. I n sone enbodi nents, the adhesive

CURPenRAdd Mtfhe madad nay MenbXspIWd 0 4 festrBR! BRdther surface, or
interface material, may, actually be the thernal

anothgrjpygred matspal e dibg clegropio compasibramprtnsta yerefiikggface material, a

substrifet Ryéhend har additibhdl 9hiaC e THBUISYd 8l - infe¥BbP| BsteRhl & Frises a heat
cont enpl at ed adhesi ve conponents conprise doubl esi ded )
spreadeg GRMPPRTAL e thepy insriagnsomuonent. SNPStHAGOROLGRpIgerherein may
compr]L AAPAG rabkd gamﬁn@migos@hiﬁ%aéﬁ PRI AeliPAbIS ShtkFrate 1
pthegggaitional functi on of attagﬁing t eéﬁ%a? ate Jayers
wouldsgamepiéieniylnas ightsa eerrans, plastipawktad @r cobstlrmetal, or composite material.
In prefdtRPERAER s, (€ shgﬁfﬂ@koﬁmﬂ}ig‘isf ASRidTRL & géljglkanmﬁ arsenide die or
thermal interface conponents; the crosslinkRable N .
wafer snefperala pankegingcairtasapsosieas Soumtin heopper sdpereadikel or gold plated
le: ] S [ . rcg nd 0VId$ﬁ
cout GUREOBIS PR PR ER L Mt e o
via-walher csitfronennsriare (‘bmppephymieis| gorsolepdtehst of bare copper and it’s
oxides), a polymer-based packaging or board interface such as found in a polyimide-based
flex package, lead or other metal alloy solder ball surface, glass and polymers such as
polymimide. The “substrate” may even be defined as another polymer material when
considering cohesive interfaces. In more preferred embodiments, the substrate comprises a
material common in the packaging and circuit board industries such as silicon, copper, glass,

and another polymer.

Additional layers of material may be coupled to the layered interface materials in

order to continue building a layered component or printed circuit board. It is contemplated
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produce a layered interface material. As used herein,
the term"interface" neans a couple or bond that forns
woOher7o8m™®N boundary between two parts of matteCTAIS2007/001249

space. An interface may conprise a physical attachnent

or physical couple of two parts of matter or

conponents or a physical attraction between two parts

of matter or conponents, including bond forces such as
that theCaddit®oal &ydry Gl Cohpiide Agaterddlsl sipNaENGhob® A5y 8&Rribed herein,
) as Van der Waals, electrostatic, coulonbjc, hydrogen i
mcludHl&]dpﬁt@lsanaysEﬂl ﬁga}z‘%t icomposgite; -magsrialsT, golyppers, monomers, organic
compdtREPAR6Rkhfic AmEtRREs] H2dnHBERIR, cIMRYo1RIS Orelffis, adhesives and optical

physi cally coupl ed by the act of applying one
wave-geidparéeiials.o the surface of the other conponent. The

| ayered interface material may then be applied to a

stpsrilanethody apd eranyuthreed, intorfage geaterialp gpebedutilized to form these
pre~att§@t‘iéw¢r§lasse¥&§ie§ _Itl?é}HaP Qélﬁg&?@&% Sf@n@. OK%E&%& Br hﬁ'}éﬁﬁg gle thermal

Interface material, a substrat ayer and an
solutioidplickagm ahdionyl€l padiegel mghidest anperviding tet theimhbl transfer material

. ' . : th l. ..
oSBT Sy TSP AREAE oA I Wl o st e
surfacermy swisstrpte; decauptingabe nelehs o lisdranl irahdfyr sateril and/or material with

terial Parti cul ar|l esirabl.e substrate | ayer . .
the at fE3keBanet Bt bodhibp Rincla PR AT Rl £ Cotbe e aghesive unit to
the atdeast @abethriiet dlr,substral® P @6irh & tREBR) phokakB; PY 8Ht@Suald coupling an

dﬁﬁ%@&ﬁ%jnents’ t he su@;tﬁate conprises a silicon or
a GF OhfAPRUINNGE Fedhgmal\Bid@88ur f ace, a packagi ng
syrface. suc s found.in.a copper, silver, njckel or .
- ApRiettisPE o B soRitipteGa dnSHRR Solpins e G Ak A fHgal interface
components, Qhyeted tinl2oate Bitefals ka@e heitt SiredRCEdmpSREE ddscribed berein
ila-wall or stiffener interface ("copper"” includes

VI a; : ;
COMPRBNEF IR EndiCoralsERl B FORRENGYS 411G, qaptiagr, lagered material, an

electrdifit Ye@hp&rane dodar kagishal Qleddddic! probied ac g1&uehi®omponents, as
found in a polyimde-based flex package, |ead or other

conterpplaind hgrelgy arogensralbaitoughy foaemPHteadny kaygresorqmpenent that can be
utilizeAUGD aASc1BGt MR BhR: pldifict. S UBShkApRited e RBmponents comprise
. .defined as another polynmer material when considerin _
circuilc BAEEFy eNip Raskrgiegs Senaratap sheqit.cfislactiir epmpanerintaf, circuit boards,
printe@ RArAR POLIR! £nk OFRF LSH! o@cn?&ﬁé'!r&lit G&JIHP,%EH ak Iagpacitors, inductors,
packagi ng and circuit boar Pndustries Such as
and registorgson, copper, gl ass, and another pol yner.
Addi tional layers of material nmay be coupled to the
| ayered interface materials in
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order to continue building a | ayered conponent or

printed circuit board. It is contenpl atedthat the
waddiTiosestal | ayers will conprise materials si mPC@USR@D7/001249

t hose al ready descri bed herein, including netals,

netal alloys, conposite materials, polynmers, nononers,

organi ¢ conpounds, i norgani c conpounds, organonetallic

compounds, resins, adhesives and optical wave-gui de

MRkaMraksS. Several nethods and many thernmal interface

materials can be utilized to formthese

PAS cBhicafpiaed RERiBTHR TR bh apﬁ@ingsme Uk uéyat one metal-based coating
conmponent's. A net hod f or formng the thernal

is by spnt plating. PR de thihapplication fck g"gféalrlﬁép@ geatinggjo the surface of the
barnetp Q% W dohg Jopgép'ﬂéatt §p?§h§1feﬁ rs tglgt}@% idesqaides thh electrolytic

herein; b) providing at Teast o I ve conponent
platmg:)usygwbwu@n thg desirp@aazea dpe soldef awesdders pblymeat kybrid) TIMs (thermal

mterfag% gﬁgﬂeﬁglsi Ia&arﬁﬁnén?aﬁﬁ?%gﬁtedh eg;a{:artl %%ns‘ci%%lr %onsltés%xjngr specs and the

erla east” one a
thickncquﬁ)memoatmg fcan tre aqualdtvest less trant aboey 16 anjekomdntthis Example, the

' unit t.o t.he at | east one surface or substrate
metal"sgsk%%(sacro%?% & FAEPHET lﬁg f(réige f) opti onal | y coupl i ng an
al |a er e t her .
Ap ?’%aé: 101 0 con aﬁlz?%?é e? Bl ga o ﬁgfn@ﬁ’ggs PcStep-press
procesl's’a(ﬂeagﬁguréshlé raiﬂl ZAmt'Ieﬁsf pﬁﬁeﬁi)ﬁl’aﬂm &vitls a prayfefmedind an indium spot-
interfa erials .and h S conpanent s R
plated gt GiakEifie R ER sBel BT B Pisul b6 105 A6 THA Fpas shpyn in Figure
1 as 1@:8d/o®rwmomrmane rgt@slmaemfdweﬂ ﬁc&nearaled agt@en @Ilaceartogether (110).
ectr C CO ent qr a fini el ectronjc
After SigRiA § %Ceeﬁﬁrg%ﬁ@ﬁ%%n 1yds s 2%?&3 ARG e ?Tﬁe aa%eglbciy in the press
is acc@ﬁi@&xlilah by drROIAgE of @ SERIFAH pEfedtith lag¥e(120) GUINY AR pressed with a
can be utilized in an el ectraoni c-based product.

Complmf%m%lt(éa%% BEFEHi e AP Hsh iR tishshe semprepeign ¢n the center of
the prwéﬁﬁl?(lSW IOhcRagk %%t@&mrﬁ%@@f i) 2BERpasseslRd ik S;ﬁe -form (110)

onponents of circuit boards, printed-wring board
any a&nEO‘é‘{eFﬁe (1EBnhehemds bef trepmedfiprmh drifiel presferm application should be

remove@Pa¢d Fifute 1, MG QDplitffba ﬁisﬁt%gscﬁrr iEHP {oEélrﬁ‘ﬁ'iate as many voids

cont enpl at ed "herei n, one net applying the at
that mayaBe pserenhat sie buerderecehtlienln ipeefpym wwdt thel spot mjated surface. The

complt e Ghak altvl}]i?l Mj\r%{:&%r&fs a8 Wit %\ﬁgﬁﬁSQn{; gﬁ,%glgn{ fross the spot

e sur ace e barrier |ayer a coppe
platedisugfiacs picatinipn shegp dorcp ikatiwil aid adhms bt ¢laks yWirtdtion.
electrolytic plating usually in the desired area for
s EpHewingr theoiddlétion oF ynprotdeiibnilayerl Mseqandepivsd is then applied with a

protective layer over the In pre-form followed by a second layer of compliant material
followed by a third layer of stiff material, which contacts the press ram. Figure 2A shows
the assembly (200) used for the second and third press. A press ram (240) initiates the
compression of the layers of material, which includes an indium spot (205) in this
embodiment. The stiff material (285) helps to maintain even contact to the compliant material
to distribute the load evenly. The protective plastic layer (220) will give the indium (208) a
smooth and polished finish as seen on the right. The compliant material (280) allows some
sheer movement bf the indium pre-form (210), which comprises the heat spreader (290) but

will contain it from over flowing into a non desired area of the heat spreader (225). This
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interface materials) attachnent. Spot plated areas can

be sized to custonmer specs and the thickness of the
woaad7iosgs7ean be equal to or | ess than about 15raTaISEN7/001249

In this Exanple, the netal -based coating conprises

i ndium Manufacturing of a TIM1 netal - based conbo

spreader conprises a step-press process (see Figures 1

and 2A) This process starts with a pre-form and an

second 553.&1‘7'161}5 ROfhRhH ¥k p6scaNbEAGRLN tﬂi‘@ss' d’ﬂi‘ﬂl@ﬁﬁcﬁpﬁﬂlo&t&v\@ h rﬂhlrd press to
gure 1 as 105 and |nd|un1lgi hown in Figure’l

obtain ﬁesyedowesv%ﬁ dhitiees Fpdsation v §urﬁfeq«f@9@dwﬂdma @f=bh IraﬁlEPt plate and
the In bh-;ﬁfbrﬁl 3586k DYRLHSGE tl(clﬁgl)sheda‘ﬁ&ﬁ rsg;éﬁhér J:JH}]E& p% the indium preform

| acenment "t he assenbly Is then placed into ess.
(295)The assenbly in the press is acconpani ed by one | ayer
of a snooth protection layer (120) that is then
pFieyseebl 3rb tshow & eeplemplatedeprerdsal map 30 thepe spautspdor paeducing an
indiun{ ]c%% ea QJ t "gg eié(l hﬁ)rc "RhfeES 'F?C%]urééq % b%O&’%nt r81n “C” is a
the pre orn1(15 e prot ecti on 3
contrOHaid@nﬁ§§sss at stendend |aperzpmg bmqwﬂ(\fclO)N any ru:usre pmtk‘@(’s is critical.

17 tha fro tial
Conter{n Qf?dc a as n@g é% a1ie dsth 18 lgglde I lh,lﬁh .:HF: éaniwdf;ca (1_;30 ff‘er %rf)cess before
the pr(ﬁqa:pi bept afnstaftedr B&pUY €3205 sHORS that tﬁh icohteaiptatad sp@aders are ready

or i T S R S, 2 50 el Do of e

spreadﬁfst el 8lep\¥ (3403ppkymatar-bisedl coafihgChyasotilh i8Spphi@ — which is an
ndi ym novenent acr %§§t pl at ed surface

ss the
mdmﬂb?lé%l? s & disperito {1 gtepri3 i a0 amn Yes Pifom isled out. This

indiunj lHjJ@f pRForrdT@hh ®¥isBeh bl QuaBeist 10Bakf 268 M PiRedd PAnd Y Bdspectively.
cond press i.s_then applied with a protective |ayer

I“S“*B@G#“PH@ePﬁﬁBFE‘%B¥ﬁ?¢olIomed by a second | ayer of
npllant material followed by a third |layer of stiff .
teure A4 Shoms aRrtcdritfat ccontempplaed sRropess mepguPEP 2 (410) comprises

mechaS{tay§ c‘l&%u%stﬁg R MmO s RO hE Qﬁdlbﬂ)esp%@ Conth @%eﬁﬂ:&dly cleaned

press. A press ram (240) initiates onpressi on of
indiung geated, picks] E}Pteﬁﬁ‘Fé‘r SP&FA ew%mephwaﬁbsclawqdna@lum Rgséarm the press

steps &8Q§)fol18wt hi g fi@%@ tpﬁduﬁ% (PRt r&i%grﬁ) onto the nickel-

StO mai nt neven cotac econplan
plated ﬁate@dmal Theclgaradr profare isipdadedahte Viendlpanefiiadiynotented niskel plated

heat sPedddr if ﬂh 36%5 %@g V‘f‘tle!n Eéfs?néttbeaﬂ({]ﬁ{o;ﬂ%?g{vr%iqg%efr%fﬂ%stlc is placed

noot h finish as seen o
onto thw iqH starﬁacemfttéﬁ iipdiviop@foral.| Swp 8 dAB0)s¢remprises heréimst pwéss step, as

dlsc:usgézfe h’: u%()?rego%ﬁ]ﬂ c%gig)) thcg\’n i t}og&)u@&i F 11(5113 Il\%ﬁ]t the. compliant

pr ea
process to remove air from the indium and indium coated nickel plated heat spreader joint.

When the compliant material has covered the entire surface of the preform the air will be
sufficiently removed from the joint. Step 9 (440) comprises the second press step, also as
discussed herein. After the compliant press the assembly is ready for the second press to
firmly attach the indium preform to the indium coated nickel plated heat spreader. A layer of
cosmetic transferal material is placed onto the indium preform followed by a layer of
compliant Teflon that will retain the desired shape. A stiff material is then placed on the

compliant Teflon to retain the flatness of the preform during pressing.
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will containit fromover flowng into a non desired
area of the heat spreader (225). Thissecond assenbly
wO0d7vess7exposed to a second press applicati onpEoiusemedo1249
by a third press to obtain desired results. This press
application will further cold welding of the In spot
plate and the In pre-form Figure 2B shows the
fini shed heat spreader conprising the indium preform
(ﬁ@ﬁie SHhewsgsart33 of ShaNanglarietptes atar SEHSED (B1) (cothprises an
arts for produ an i ndi yum conbo spreader.
addmo"r’ﬂ PTFé SYeBr ogformy Fé@“%og%’n‘%"éief 'S ffsemphe fefhin Rresspd at higher

pressui® £ 800p4|th abhifely ablach ShRiE@GREMrAP T thid REQCHIESion is then
N' is noise ang is critical. Contenplated inputs

conduqted) ty) prpreots ﬁlwﬁvsm ¢f Hariedigm pfem ardthsripdivgeeaoativgtdnethe nickel
plated ?Eﬁ%ﬁo% Q*thﬁ as%nlﬁt@ r?ggeglglﬁ?%#g 1@80§) e %ﬁ&giés%das iCHER the second

at ed Spreaders are rea
press. fgris pisgmibly istgnpressdd $paOQpse doadotot mlqyleabe@sszorsaemezomt With

. 3 rise [ ] . pl sprea I i
this thér?eg)eég?gg d%a% té?’][g h%g% atPQ btgatsth%gcoa rgu hn?gés 8? trdcllefdI E¥n substituting
materials tlapphaledup uhiméssimsemﬂnlyn N on fapot stdap's dahn:& added to achieve desired

di I f
s SRS 9310 Gbi™I0) in HrdS TR T BRSLSSED o e

charac&sistiogriig! expkofitianslo2M8 finisHelGPohtt®-sprédiidr,2is also shown in Figure 2B.
respectively. In step 5 (360), the preformis forned.
Figure 4 shows part 2 of a contenpl ated process nap.
Step 6 (410) conprises nechanically cleaning the

Exampled um preform and the indiumspot. Wth a
nmechani cal Iy cl eaned i ndi um coated ni ckel plated heat
s@omad}pﬂatem dcomsimhspe atelrd )canl aBneHei fodined pithf stamplde or stamped

ste aretofolo cO
partert Hialre RestRi: 8 oRrBres i offUE: R STPEREHT QB for one of these
conterﬁ;ﬂﬁ&ﬂdﬁﬁbod[hﬁn&l eaaaddmge&)om Embpliagae, @pper tsﬂiteaders are stamped
eaned i ndi um coated ni 8;‘ é pltrﬁt ed heat, spreader
with rppfEicen B APEEPon gt a Qined e SHdcRriB Bt CPEeP agepreviously
descrittfd @2mst i A TMD';ﬁéﬁﬂmOﬁt Sedohed L8PS Uniok @offprisBE polymers, silicon,
i ndium preform Step 8 (430) conprises the fpl rst press

indiung pppthensoldersc g @at‘«Sﬁ OF BflpW PrRCepy isdBemepinpletedi <éﬁ0)t thesgby forming
a comb8-spRHAEE (650)at The AURBhtaptd o thR lé@gp&‘ & pRli QoRo-diReader is a)
|

renove air fromthe i ndi um and i ndi um coat ed ni ckel
improyd syEfape atvedphtiieeb) jiinsevedntbernal e corsustivitt because of reduced

auachﬁeﬁteﬂﬁainebésc)qqxﬁafg shifice Bkid'é? R %%dﬁf sﬁuedp &&i&h{g cleaning

he air w | be su i cientl renove rom ] Ol nt
costs. dfigupro7Asboys agvipppisedslie (EL03and r@cmpteés@la@tiépreaéqrrs&?%)s Figure 7B

shows the contemplated spreader (720) after the stamping process has been completed. Note
the stamped sections of the spreader (725). Figures 8 and 9 show additional contemplated
configurations for combo-spreaders that may be utilized. Figure 8 shows a heat spreader
(810) having one thermal interface material layer (820) attached to the bottom concave
surface (830). Figure 9 shows another contemplated heat spreader (910) having one thermal
interface material layer (920) attached to the bottom surface (930) and an additional thermal
interface material (940) attached to the top surface (950).

Thus, specific embodiments and applications of thermal solutions, IC packaging,

thermal interconnect and interface materials have been disclosed. It should be apparent,
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di scussed herein. After the conpliant press the
assenbly is ready for the second press to firmy
wato@ok4t7he i ndi um preformto the indi um coat eBCmiUSk®I7/001249

pl ated heat spreader. A layer of cosnetic transfera

material is placed onto the indiumpreformfollowed by

a layer of conpliant Teflon that will retain the

desired shape. A stiff material is then placed on the
howe e/ iRt sk@fddoi IR LAt @b g fnosd E‘iﬁﬁﬁfi@itzdn@ &eRidel hdBe already

durlng pressing. Fiqure 5 shows part 3 of
descripesh prenprsatble “ﬁvg*@e‘éggp%pg fm ;shqmvesqm cemrs BesgingThe inventive

S
sublecd T IRTeRIEE D BbERo b Al o o 2 UL S8R e T Uisclosure.
Moreqvgr.s e Urelpyeting mdtshl@smduauntqmmefmomd h antdnpneubdpnests: broadest
[ t SiQ

possitip it kol Mo TP RERE . B BRBIRIE, A ol orfbrises” an
“compriséri@’l sholult bel nktequets@ rae aeferringl tceelsmmtsasemp‘ohqmamlsr@s in a non-

to the thir S oes for.the s
exclusi: Sobt oSG8 Hhn s wdSER < BStEr I ORPrEMSoft stpgs may be
preserither futidized) at combinedi with ddhéhelehiests! ohtpope®ssof BRps that are not
can have' the flatness and roughness controll ed
efoe%@%?&%%‘i‘? ting materials that make up the press
assenbly. More press steps can be added to achieve
desired dinensional results. Step 11 (520) is an
i nspection step. Qutputs 530 show the characteristics
and expectations of the finished conbo-spreader, as
al so shown in Figure 2B. Exanple 2 Contenpl ated
conmbo- spreaders can al so be forned with stanping or
stanped patterns. Figure 6 shows a process flow chart
and schematics (600) for one of these contenpl ated
enbodi nents. According to this enbodi nent, copper
spreaders are stanped with patterns on the attachnent
area (610). The surface is then coated, as previously
described (620). A TIM preformis attached (630),
whi ch conprises polyners, silicon, indiumor other
sol ders. The press or reflow process is then conpl eted
(640) thereby form ng a conbo-spreader (650). The
advantages to this type of stanped conbo-spreader is
a) inproved surface wettability, b) inproved thernal
conductivity because of reduced attachnent thickness,
c) breaking surface oxides during bonding and d)
reduci ng cleaning costs. Figure 7A shows a stanping
die (710) and a contenpl ated spreader (720). Figure 7B
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shows the contenpl ated spreader (720) after the
st anpi ng process has been conpl eted. Note the stanped

weeat7iossg2of the spreader (725). Figures 8 andr@rAaiseon7/001249

addi ti onal contenpl ated configurations for
conbo-spreaders that may be utilized. Figure 8 shows a
heat spreader (810) having one thermal interface
material | ayer (820) attached to the bottom concave
surface (830). Figure 9 showsnwanot her contenpl at ed
heat spreader (910) having one thermal interface

Wwe clamat:erial layer (920) attached to the bottom surface

1.

i0.

(930) and an additional thermal interface naterial

(848rmall tragiefnfaterddie: issxv%r:f ace (950). Thus,

speci fic enbodi ments and applications of thernal
s@hettispRrader donRiRsnieat) ivitibreih BRE AdHt spiRb&IrCRRRBEnERMhprises a top
interface materials have been disclosed. It shouL&)be .
appar efitrfaswe bettom syriapg ard aideast oge heatisREcagdet meteaipl, wherein
nmany o eadRek fshﬁﬁ&ébil‘g%upﬁﬁ'vgﬁ?a hRea%aeld ?@ag%gt ﬁger or film, and

descri bed are possible wthout departing tr

| AMBAL: OHE 1A SRR RABriall WhcleRY BIX th¥na WG e material is
matter, therefore, is not to be restricted except In

t he spfepasited optpeatdpase bos surdace b teokeat spieader component.
interpreting the disclosure, all ternms should be o
i hhethprarad drangfer hmaterigh @6 slaigb ds ivileseinaiva ctherpalsingtesial is further

Webihidd¥e £QREEXE: |0 particular, the terms "conprises”
and " conprising” should be interpreted as referring to

e*rﬁgﬁﬁhﬁ,a] EHPANG Sl G clﬁé@?,z\?/ﬁé}eﬁl #e gulfgﬁ‘éltéj(%rﬂﬁ‘ises silicon.

manner, | ndicating that t erenced el enents,

COAP RREALBirafiieStaRSial BY c1R8n BRI GREMn 1Y theih i &8s Haterial further

conbined with other el enments, conponents, or steps

t PRIDPIAYCS ah inasiesy adhepiye comppaenied. CLAIMS We claim 1.

A thermal transfer nmaterial, conprising: a heat

s phe Hyenak wapéeranateriahef diim thwhewsin thept deadbone adhesive component

Cg%gpﬁﬁtto@W&j@ﬁéa@ertc%&ggggﬂéce’ a_bottom surface

and at |east one heat spr r material, wherein at

| RS thePiR ﬁ%s&%a@eﬁaﬁlgﬂcﬁﬁq g%’\dnflgreﬂl fﬁgetaqlléqgﬁgﬁéj?dhesive component

coating, layer or fi east one therma

i staonpleddo tha Geimanl injgnface mmiett@d. t hermal i nterface

material |Is deposited onto at | east one surface of the

héhe thepmah@ersferompigniehef claim Fhwhetein thel atleashgfieadhesive component

nﬁtrﬁfxiealintgfat.%a‘@{ Brte oG Bl rthal ARl G MRlosapt erial is

further
The thermal transfer material of claim 1, wherein the heat spreader component

comprises a metal, a metal-based material, a high-conductivity non-metal or

combination thereof.

The thermal transfer material of claim 8, wherein the heat spreader component

comprises nickel, aluminum, copper or a combination thereof.

The thermal transfer material of claim 8, wherein the metal-based material or high-
conductive non-metal comprises silicon, carbon, copper, graphite, diamond or a

combination thereof.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

coupled to a substrate. 3. The thermal transfer
material of claim2, wherein the substrate conprises

woizbi7oses724. The thermal transfer material of ecaiused;/001249

wherein the thermal transfer material further

conpri ses at | east one adhesive conponent. 5. The
thermal transfer material of claim4, wherein the at
| east one adhesive conponent is coupled to the heat

SWhe aR&nal AFRRRE NhateBial Decihine gl Wﬁerrélﬁsﬂch%r hdBPkdRAbr component
of claim4, wherein the at | east one adhesive

ceprppmEa® thiskpesssf ahor0-2h emiie pheit 6 mier f ace

material. 7. The thermal transfer material of claim4,

whBe Biepmahigansfer reateriabpfeclaigh &L Waereisrihe Huiginess isfrogmbout 0.5 mm
| i &dt slsast some of the thermal interface material.

8. The thermal transfer material of claim1l, wherein

t ffe lﬂl’?élnaf R.pade rmeﬁ?ﬁrao&e& in% QTTRY e?cqﬁ kA pas cPat(i)nIg, layer or

met al - based material, a high-cénductiv y non- e

cBibicampriees indaweof . 9. The t her mal transfer mat eri al

of claim8, wherein the heat spreader conponent

cbhpitheraal ﬁiackfer maetiati ofuetping dp p*érereon the owrvili- et d enating, layer or

I er of clai,m8
v\ﬁrg? Zslocgc)utp% ? asgggrqglf att 1{’%5?. a? su %] htg OH%?} spreager component.
n I r [
0 5y LS8, ARy JEPR o e o
ﬁanebmpnﬁeﬁ %pataﬁm @h thé al lenst@ne whefac of thhbedtespteader component.

spreader conmponent conprises a thickness of about 0.25
nirhe ghepeal t trénsfien mbgeridlhedf claannbl whemis fler tieatrel iialerfate material

fl:&h : a?ﬁl%@fl%lgte%}ﬁa&{i%lc‘(ness is fromabout 0.5 mm

0 a ou érmal transfer nmaterial of

at t]%l coatin | ayer or
AI m corrprl ses g (}H igﬁﬁj%?ehed?rm Smr?sf er
f t b ased co at |
R R A S T —
one surfteg eurfdceda eotteat susface aoid at leastpoadibt spreader material, wherein

at least one surface is coupled with a metal-based coating, layer or film;

providing at least one thermal interface material, wherein the thermal interface

material is deposited onto at least one surface of the heat spreader component;

and

depositing the at least one thermal interface material onto the at least one

surface of the heat spreader component.

The method of claim 17, wherein the thermal transfer material further comprises at

least one adhesive component.

The method of claim 18, wherein the at least one adhesive component is coupled to

the heat spreader component.

The method of claim 18, wherein the at least one adhesive component is coupled to

the thermal interface material.
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15. The thermal transfer material of claim 14, wherein
the netal -based coating, |layer or filmconprises a

woatd7asss7on the at | east one surface of the heRCT/US2007/001249

spreader conponent. 16. The thermal transfer nmaterial
of claim1l, wherein the thermal interface nmateri al
conpri ses a phase change material. 17. A nethod of
formng a thermal transfer material, conprising:

PrVindiHad o cEAl1 S RIRALR hE ARANSHL adM?Jeeé aﬁ&ﬁn?%?nhixed into at

spreader conponent conprises a top surface,

slgast &f ehegthermal integface oatertsdat spreader materi al

wherein at | east one surface is coupled with a

e metededl elsimi Wy, wherpler therhdfal [spyeagerovdmipongnacompaises a metal,
ODfhetdI B0 mbidhic, hHigh g@ﬁ&{cmkt oBRSAEL ol LEARREER thereof.

IntertTace nmateri 0S| te onto a l'ea

P 358 B o S SRR SPITEPRI e Ao s ke,

adluingman, @ppesend copbinhtiomehelhedt spreader conponent.
18. The method of claim 17, wherein the thernal
tTlafnsIemodmftC@dina’lZ fwherdiethe el ibassl matetiebet highteconductive  non-

HEPERHERARISINE, v h RSB hoompipign oot

' 20, . Th
Ef%% Bﬁ%?@),%aéfmcz?ﬁgne %/her%qp neh tat spreader e gggen com esﬁ% a thickness

€as ne ad ve coip

i of aboupD2d mup tohbottermml i nterface mat erial.21. The
met hod of claim 18, wherein the at | east one adhesive
c'theordnkl dfslaiin] whttr€inabe théasiesofs ftdme abherdifimm to about 5 mm.
interface material. 22. The nethod of claim 17,
whbe edathadhef hkan Ehrebelem thenpenbbasedormatingekhyar oetfidin, comprises

| -based material, a high-conductivity non-netal
of a conbi nation thereof. 23. The nethod of claim 22,

t preader OPENL 469 ri ses nickel
é %e&hoc{q%‘oég%ﬁ IZ’r wgergbn n{j))e ngl ﬁasteﬁ aflng, 1ager oF%gm is coupled to
rmﬂh@d paft of halenst2de suifeceoitht heatnpireaddebasaponsmt.er i al

or high- conductive nonnet al

The method of claim 28, wherein the metal-based coating, layer or film comprises a

pattern on the at least one surface of the heat spreader component.

The method of claim 17, wherein the thermal interface material comprises a phase

change material.
A method for forming an IC package, comprising:

providing a thermal transfer material comprising at least one heat spreader
component, at least one metal-based coating, layer or film, and at least one thermal

interface material;
providing at least one adhesive component;
providing at least one surface or substrate;

coupling the at least one thermal transfer material with the at least one adhesive

component to form an adhesive unit; and

28-



32.

33.

conprises silicon, carbon, copper, graphite, dianond
or a conbination thereof. 25. The nethod of claim17,

woher’agss7t he heat spreader conponent conpri SesPar/us2007/001249

t hi ckness of about 0.25 mnmto about 6 nm 26. The

met hod of claim25, wherein the thickness is from

about 0.5 mmto about 5 mm 27. The nethod of claim

17, wherein the netal -based coating, layer or film

CEsuPling @ Be ia0BksivB uiB to T alRh&tasheOfurfcadioN shiBstralb €6 @bitn a thermal
the netal -based coating, layer or filmis coupled to

aP29kagst part of at |east one surface of the heat

Sﬁreader congonent. 29. The nethod of claim 28 wherein

t hBe npethed pgk ddrigh atl- nfirthery ermMPHsing | GRUPHREr A& edlditional layer or
PESThSérEnO b thBehenal pakagone surface of the heat

spreader conponent. 30. "The nethod of claim17,

WnRE @it dd\6r d1Bek BRIl whites] {RGRerR fFndler GIRiAITBMpRises the thermal
phase change material. 31. A nethod for formng an IC
paefciefenaieBai d2igyl- providing a thernal transfer

material conprising at |east one heat spreader

conmponent, at | east one netal -based coating, |ayer or

film and at |east one thermal interface material;

provi ding at |east one adhesive conponent; providing

at | east one surface or substrate; coupling the at

| east one thermal transfer material with the at |east

one adhesive conponent to form an adhesive unit;

andcoupling the adhesive unit to the at |east one

surface or substrate to forma thernmal package. 32.

The nethod of claim 31, further conprising coupling an

addi tional |ayer or conponent to the thermal package.

33. The nethod of claim 31, wherein the therm

transfer material conprises the thermal transfer

material of claim1.
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