10

15

20

25

30

WO 2004/ 075261 PCT/ US2004/ 004272 1 THERMAL
| NTERCONNECT SYSTEMS METHODS OF PRODUCTI ON AND USES
wOBRREDR6Thi s application clains priority to UrCTAaS2004/004272
States Provisional Applicatton Serial No.: 5
60/ 448722 filed on February 19, 2003, which is
comonl y-owned and i ncorporated hereinin its
entirety by rafEERNEEL INTERCONNRET SNWENIVISN The
field df the invention is thermal interconnect systens
in el ect (IETHOPRORPRODUCHI 0N ANIY U8ESt PHERGIPRNEN S
and other related | ayered materials applications.
BACKGROUND El ectroni c conponents are used in ever
i ncreasi ng nunbers of consumer and commercia
el o f
Coqglas n%{f)'hﬁat C%h%%f%r;&?%'[@?tg St gngrrog stlcgr{l? %é)hcatlon Serial No.:
60/49&7320@&11 ondizhutaey £9, 2008 ewlneh 15(&ih\trﬁd51$1y-o®&&ieﬁ apb emwsporated herein in
. agers almtype organizers, portable radios, car
“SGEWEF (eI %enpt e controls. As the demand for these
consuner and commercial electronics increases, there
is also a demand for those sane products to become
smaller, nore functional, and nore portable for
FIELiyeR THEINVENHONbUS| nesses. 20 As a result of the size
decrease in these products, the conponents that
COI’ﬂ)Eif@M ththe ipvantiontis thense! iatesomnbedoystesivah ledsctranid components,
er nanufactur(ﬁ ﬁnd g %t ned, Exanpl es.of. sone of
semfiu ERPBRET S el 6 el Pt BdPPiCaeE or
scaled down are printed circuit or wring boards,
resistors, wiring, keyboards, touch pads, and chip
packagi ng. Many products and conponents al so need to
BACKERGWUABackaged, such that the product and/or 25
conponent can nore readily be adapted to perform
selidgciibnice Fanpahcots amr @kat ad ¢vgn Cimblwasingmdlmbeaskcs” consumer and
s .of .sone o ese "t ot.al solfg}on" onen

EX I
com TEf By SRS SO sc T ayHERST Toaiiop HSE SRBTHBR wnd Commercil

' prod0 e Resicl/Aidrsl ﬁérscﬁﬁ@ c%ﬁﬁ'&ﬁsﬁl’tcﬁjﬁ@t&%&e@ﬁ dell phones, page(rjs palm-type

t el econmuni cati ons devices and ot her component s
orgapizgisu PEEable Leiogs cith slgEeos.o ghdemateUs kgl nt Aarible Rigmand for these

consﬁ‘gﬁ f@@t éo(ﬂﬂﬁ%%%h%%tl&% dnﬁvgéségfs%%%o%lllalgg Oa,‘] lde1¥1and for those same

prodB&F/ 1dSB2¢chT8 3inaBer, f mbes fﬁzﬁ(}tlo«'ﬁ@l @0 ZnordpdhbR €olcbnsumers and
.commonl y owned and i ncorporated herein in their
busiggspesy et v

As a result of the size decrease in these products, the components that comprise the
products must also become smaller and better manufactured and designed. 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. Many
products and components also need to be prepackaged, such that the product and/or
component can more readily be adapted to 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.



10

15

25

30

il

WD 2004/ 075261 PCT/ US2004/ 004272 2 Conponents,

therefore, are being broken down and investigated to
wdetmrorszee i f there are better buil di ng mat er parasand 004272

nmet hods that will allow themto be scal ed down and/ or

conmbi ned to acconmopdate the demands for smaller

el ectronic conponents. In |layered conponents, two

godanRPRRES thbRfde, 8 beiRe Rt wWNMdMIBekaRf td 8termine if there
| ayers and/or b) 5 decreasing the thickness of the

are pefies rnildig matprialshadsmgihods wheat jwidly oy thepmt fhe be scaled down and/or
tional.i d, .d [ 4 r i.Nj rs )

comb o AZolrnlo Y me iR ot Mo B EPRL (AR BIE n 1ayerea
comgbnents, twapodlheppesiber befa)l (ﬁyﬁaraﬁng ane ?ﬁuﬂk&ﬁcﬁﬂ thebByers and/or b)
__reduced or made _thinner wi_thout sacrjficing. o
decreaiing ﬁ’&ﬁ]aliclﬂ?%ﬁ?' ohthedayess While at thsspme disng wesayag Hifefunctionality and
(=1 ' S - -
PR RRRE Therdh Rl R8les PERE B SAPROMEL N howover, given
that ghe muenbepoddayere carmot meadilydis tedycéds ot onadsethirtnee mithout sacrificing
g rease, or grease-like materials, alone or on a
m“%ﬁ??f@r in such devices to transfer the excess heat

di ssi pat ed across, physical interfaces. The npst common

Ly pesdicr tRares deyiRpePropsme ARl aids oBraict Helighfr speeds, energy
o o R B DL e . PO ARGRTTE tetBliery s 1o use
thermmhkegrrade, e gicatahkenttrainlse blast omen at apeertie cacts deviGesab transfer the

th ility to b d.i. ry thin | ayers and
exedyy R I P St R JBiVEEsS- ERlnEiont Cogimiaggs of thermal

interFydRI B akridl0 8Fe Wb AMBRAJACFLALE LHE e AN BI D Gh IR B tomer tapes. Thermal
0.2-1.6C cm /W However, a serious drawback of

greagdseqrrpipsqelwage materiaksdiave hevergherpat fesistrame éhan elastomer tape because

eterlqrates significant after thernmal cycling, .
of WY, 26 b Shr B v BV Y PSSP s ¥ eson aciacen
surfats@dT iiclLtbbrmat Ninpedankt VaRRs ahsR BaeBerd 0undstdain’tWe However, a
erformance of these materials deteriorates when |arge

seridyg drayhaaki oh erpaingrsaser wchaplhearl pyfumases dgapsrate significantly
after’ d;géﬂﬁ]leﬁ %w}gl%r) \sl%c,@ﬁas R RSP lf@gf Sor ari}te%],g?\iverecly%ﬁltﬁ é gv 1|8r§ used in VLSI

Vi Ces; ["arge” gaps ween ng-s :
chiparle hpy else bter faundtie the gatemance slUbbscagatemdlbidaetivritédOwhen large
,tolergnces, etc, Wien the heat transferability of

deviphurselTom Wrfoss &lBPRNKSUSTOIPS 1PHETP b RENE dN¥ing Hisfaces in the
clec@®bifi UEARES oFGMES ?argé"%éﬂﬂ 'b‘éﬁvéeh‘?ﬂatﬁlr&esu{'ﬁ@ég agép%gé/rg )rféreé)t}{er reasons,

affected. Thus, there’is a continuding nee
suchcrsgnggnifznteting otuaees, ltr. (Yahen the deatdranefetabilandf (15e materials breaks

dow%,gtﬁ% ré?‘rg%t{r@e}ng%éﬁ %1:3 SE%@S@IC ?llﬁ\Zi’Pe hjg% IICE r}r,a&tliglasiegl ig 'ad\:jersely affected.
S i fications while mnimzing the size of the device
aﬁ&ﬁH% HREE 1of cPaijrsiing nesyl tr rsignasderrodiceitheral injprgonnects and

then%@l% ﬁﬁ?é'rfagg Shek, ?%ﬁee%d AbRriakl CIHSIRnAMH Pro PP AREMeSt customer

respect to
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; and d) effectively reduce the number of production steps



conpatibility requirenents of the material, conponent
or finished product; c) develop reliable nethods of
wononocs2wy desired thermal interconnect materi RCTUS2004/004272
thermal interface 30 materi&als and | ayered materials
and conponent s/ products conpri sing contenpl at ed
thermal interface and | ayered materials; and d)
neceSfal© €81l & phakap€ desembly eviichrieturlfreddto dbiGtlo@Br 668RF oM@ership over
2004/ 075261 PCT/ US2004/ 004272 3 necessary for a
othehepiwapiéonat yptsr ynaternleand 110¢a3%8- resul ts in a | ower
cost of ownership over other conventional |ayered
mat eri al s and processes. WD 2004/ 075261
PCT/ US2004/ 004272 4 SUWMARY OF, THE | NVENTI ON Layer ed
interface materials described herein include at |east
one pul se-plated thermally conductive material, such
as an interconnect material, and at |east one heat
spreader conponent coupled to the at | east one
pul se-plated thermally conductive material. 5 A plated
| ayered interface nmaterial having a mgration
~conponent is also described herein and includes at
| east one pul se-plated thermally conductive nmaterial;
and at | east one heat spreader conponent, wherein the
m gration conponent of the plated |ayered interface
material is reduced by at |east 51% as conpared to the
m grati on conponent of a reference |ayered interface
material. 10 Another |ayered interface materia
descri bed herein includes: a) a thermal conductor; b)
a protective layer; c) a layer of material to accept
sol der and prevent the formation of oxides; and d) a
| ayer of solder material. Methods of form ng | ayered
interface materials are described herein that include:
a) providing a pulse-plated thermally conductive
interface material; b) providing a heat spreader 15
conponent; and c) physically coupling the thermally
conductive interface material and the heat spreader
conmponent. At | east one additional |ayer, including a
substrate |l ayer, a surface, an adhesive, a conpliant
fi brous conponent or any other suitable |layer or a
thermal interface material, can be coupled to the
| ayered interface material. WO 2004/ 075261
PCT/ US2004/ 004272
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5 DETAI LED DESCRI PTI ON A suitable interface materia

or conponent should conformto the mating surfaces
wO20m1085261 he surface), possess a | ow bul k ther rair/US2004/004272

resi stance and possess a | ow contact resistance. Bulk

thermal resistance can -be expressed as a function of

the material's or 5 conponent's thickness, thernal

SumPARIUSE Ty INWEATor ea. C ontact resistance is a
nmeasure of how well a material or conponent is able

L O A& GRIHABES Mtk dBEATM SBFAGRoIuIAYR" 188t one pulse-plated
- substrate. T he thermal resistance o f an interface in

thernaalbyr ¢calductive matengosvehtas en aerbomnest metarialagnd ftdedsdwge hda® spreader

O interf = t/kA + 20 o tact uation where Q Js
comipght spfigiio Fuct st pufoerdiien BT Pogiup i CRlal °

is the therma|  conductivity of the material A is the .

ar € affedﬂﬁséer?thrg?r R A Vig: iR CPRBPRTE A 4155 described
hereinMdtiRELARY atM1E5t Sh&PiSe-Blardd ey (BREEEHVR! m@BLal; and at least one

"20contact” represents the thermal contact resistance
heat gprepfhe composantf adesin hesmigratinecimpachackthemlateil diyeped interface

conmponent .shoul.d a | ow bu esi.stance and a,l Qqw
matef g R ed Dot Afeb ot 1o & Comtbaptiets b FiigtRRf Sp BB g Y reference
layelVBite@hRGhAteAAIC and semi conductor applications require
that the interface material or conponent accommobdat e
deX 8P RS erlcl Gl @sEridll REOARE HeRSWidNGs T BPMhermal conductor;
manuf acturing and/or war page of conponents because of
b) a poekftici kper; o) at lagernefl metepalnti awveptCijer andspravatidke foxmation of
i e for k, such as thernal

.material with.a |ow yal
oxidgg, 85@8,% }:?é(Flf%t}sr?!'sAema 8} the 25 interface is thin,
i.e, the "t" value is low, If the interface. thickness
| bl T fyrmige fqeraddnkgaco myimals escHbL hetein frap include: o)
proviR¥&d é)gﬁfl%é‘- Paté‘dat'ﬂex‘iix?a?lg LA E GRbL Yoe e Qal: bPro$H%Hk a heat spreader
di r mat1 ng

appl i cations, ences in CIE between the
compaeporedts phasisaly chupligaphe theexplin domhudiico ntteréiste matietitl and the

e R SRt e BB Tt B TR T surtce
an adHebiOE AEENPRENR FbAIuS cOBPETbrAS: SHLEHe) sudwB 1hye@ B bABermal interface

interface. . '
material, can be coupled to the layered interface material.




10

15

25

WD 2004/ 075261 PCT/ US2004/ 004272 6 Interfaces with a
| arger area are nore prone to deviations fromsurface
wohenarsiey as manufactured. T o o ptim ze t hePaBIUSP004/004272
erformance, the interface if aterial s hould b e able
* t o conformto non-planar surfaces and thereby | ower
contact resistance. As used herein, the term
DETAUNHDED Es@pTigians a coupl e or bond that forns the
conmon boundary between two parts 5 of matter or
SPAC SuitaDWUC thté@8aclehiBRd] S niRIneRULIRRId t::(‘!ﬁfoﬁﬁ‘qg RROG™Ing surfaces
backbone and a network, two networks,
(“watnt dref alcc,iéam)aypqsefmsra dew doqélhyberrmll ramtamxnrremt po$sessw@ low contact

resm‘?eﬁc% ZC ulkn hBrer{la rrg%rs’&a&gn‘g gteggpge%%e?it gsr ottungtb% 8F| él?ﬁ énatenal S or

compfrentidit Rigkind htehid e dnsutivitda nd aYed. eDonfbL: dsBfn€e is a m easure o f
bondi ng, and non-bond forces such as Van der \Wals

howayell o raaierali or, comnementpis @b %gwdm@lg% RO Mlﬁg a gaeigr surface, layer or
n
subsﬁ@@l %lléectt %Ei)‘lrélélalfe% s&ﬂ % c}:'g Sﬁ?ﬂt‘e?ﬁ@% glra rrgl; €b ?ﬁ&g](t) cqn be shown as
follofwar ces, such as covalent bonds; however, |t shoul d be
understood that any suitabl e adhesive attraction or
attachnment between the two parts of matter or
conponents is preferred. Optimal interface materials

and interconnect pinRifaeéS tARI 0B, GOMPONENtER AGBAESS @
hi gh thermal conductivity and a hlgﬁ mechani ca

conpl i ance, %vhgrem heme?ﬁnqllgklé&h&&a”y when 15 force

is applied. Hgh thermal conductivi'ty reduces the

first termof Equ i,gh mechani cal
conpl i ance reducegh*ﬁgngg%gkgﬂ¥er%? The Iayered

interface materia n v nts of

the | ayered inter#d%glgg }QP “ %§8”%%@ F

acconpl i sh these S. n properly produced t he

heat spreader conﬁbﬁgg%mﬁ%%'WFHE@7ﬁ§re|n will span the

di stance between the mating surfaces of the thernal
interface material and the heat spreader 20 conponent,

t hereby aIIOMAng a ¢ ontinuous high conductivity p

at Ah¢ tam G\ sigpfegeds thegherntvé resistanse of tiref ke marreal madl “20contaet”

represelétg lt%e;l @}%gmngltcgn{aa 8681? %g%et Qﬁé{g\y% surgggr § gg\ne ﬁ%lg%t% facel material or
comP&MhMEmu IR Ghe Tosv Bull irgdist&RBauE tal 16t %n%ﬁﬁwﬁﬂ@@ de. at the mating
mat eri al manufactured by Honeywel | International Inc.
swfagfd/ or netal and metal - based 25 materials al so
manuf act ured by Honeywel | International Inc., such as

Ni Magy  elgmtrogischnd] ssin@ondwdipicapplicetiapis aewiife that ths interface material or

comﬁ&{eﬁ?(%% él;mr}giiaetel%tvlea&%% ﬁ' 101 Sﬁ‘bfl%e\rl\?%h’se ﬁ%suft gfrglwnufacturmg
and/@l SEarpOIEPIAfS CoiPdthts, be®iust & lcoySicand SUithaBlaf expansion (CTE)

mismatches.

A material with a low value for k, such as thermal grease, performs well if the
interface 1s 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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conposite materials that neet the follow ng design

goals: a) can be laid dowmn in a thin or wultra thin
woaymro7sel pattern; b) can conduct thermal ener ggThskioan04272

t han conventional thermal 3@ adhesives; c) has a

rel atively high deposition rate; d) can be deposited

on a surface or other |ayer w thout having pores

deﬁﬁél@&eb Rvitthg 1degaoskd aeb ﬂn@béeﬁﬁron@)to @@ﬂaﬁmﬁgnﬁ&ﬁ' sm face Planauty as
m gration of the underl ayer of materia

man%%ﬁtut%l | &P @ PdiowAe a@naalcqu 11<F6nt]@ﬁ? deerfacs mkalepiak sH@uld e able to
COHféllIIIrl g@ﬁgn—)?gnap 834 QLogbd tf%é/gg%gefén(e% %zgst?r%cg.fr :nealgs %ed herein, the

to acce ese

tennl ‘mttelrfﬁc&ﬁ engumkb ercbaﬂﬂs or blﬁn&f vl formg tiey @annecbourkbes lb@lvéen two parts
nponent s and products conprising these naterials

of l%?a%m SPaGusgh fe Priwesn fHe Felepies. dweehiskenssh érl?ﬁakbone and a
netw%ﬁé Wb %@&Ncﬁ‘ﬁg e, ALideirRhce F‘&fg/ggg@ﬁr?sge%ﬂﬁéﬁ@ﬂ ectﬁaclénent of two parts of

ayere I nterface materi a ereln conp
mattet o e@sporent Ui physdatabithctioh beivedeh ytwo qratit atf| mater or components

o R ity Bl LR B 58 B g
der | Waslh, etREaEE- Rloalsathis, hek Rl ly ﬁeﬁtﬁﬁgt hlycﬁomh@gﬂeﬁl: attraction.
The at |east one ulse- Iate t her mal conductive

Coniempéatedainterfaseh enaligde ﬁh@@;ﬁdm@gfacgs) that gief foutgﬁqb pvithy bond forces, such as
covaligng rb%tn!i v?ev[e%s (31]([; ﬁﬁé{@é g@gﬁltggr%ﬁoog rﬁ%etogr%{d étt}lgat%’]a d}be]sP(Ie attraction or

attadhﬁféﬁﬂlﬁ&ﬂ%@ eneaiphrts Gempidrve chhpbiests®hedteradd. and/ or
Iayer b) a coating to keep the surface free of

Uﬁﬁ&aﬁﬂﬁeﬁ@c@%a&ﬁal@(‘aﬁ@ Qﬁteﬁ@h&%’f ,ma‘iéi’i:ﬂs ﬁ%l/blnc&ﬂ}?olﬁﬁﬁepossess a
of gold; and/or c coating of solder itself, as in

hightth@m@ég@ncbtptwu‘tyqan mmghnneo@amloelrcom}@amean@ m]la't@ij elastically when

foroe 1s %3?@18(? eg{_[galc elre|ma1 I&@}J%B}ug/er %ceattl?Aoﬁrsgg (EL{al%gn 1 while high

mecl&lilﬁ@d demplihiedredl&es s 8kddndNerme.0MHel ﬁ?@e@tmﬂeﬁa@é nfAfials and the
pul se-plated thermally conductive material; and at

1nd1x[1@lg§tcom@§nem%gf t}gsp],agggépnt@qﬁ@ﬁ@dﬁ@ﬁqflalsmgqergqeﬁ hepgan accomplish these

goalgrI WI%B 5}36?8{@ uceg t@% h%%eﬁppéaﬁ% (g){%o a@ﬁtecfjes&%e% C}I ?egg t“ﬁlel span the

“haterial hs at Feas S comnpare
distantgbettvicem tieompidmenirfaés of thefiksrant mtedfay enaekiilniheérthabet spreader
mat er i ﬁl .. Angther layered interface materi al descri bed
compRiiegt- hhgrRRY @ﬁ%\ylngaacamtw@%%}g heeiduet 6y P ath frayy oge s urface to the
O&mpggﬁggtive layer; c) a layer of material to accept
sol der and prevent the formation of oxides; and d) a

| ayfLmy ﬁ ﬁlgééﬂal%é &Q{egﬁ %nd ’%hépﬁ{ali] I?Lte%o %tmrr[bgerlals and iayers, as

cont errp at ayere erface naterl a S conpril
described herein, may comprise PCM™45, which is a high conduct1v1ty phase change

material manufactured by Honeywell International Inc., and/or metal and metal-based
materials also manufactured by Honeywell International Inc., such as Ni, Cu, Al and AISiC,
which are classified as heat spreaders, i.e., materials that work to dissipate heat. Thermal
interconnect materials and layers may also comprise metals, metal alloys and suitable
composite materials that meet the following design goals: a) can be laid down in a thin or
ultra thin layer or pattern; b) can conduct thermal energy better than conventional thermal
adhesives; c) has a relatively high deposition rate; d) can be deposited on a surface or other
layer without having pores develop in the deposited layer; €) ¢ an control migration of the

underlying layer of material; and f) can be laid down as a coating in order to keep the surface
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providing a pul se-plated thermally conductive
interface material; b) providing a heat spreader
woaopmigst; and c) physically coupling the therPauius004/004272
conductive interface material and the 25 heat spreader
conponent. At |east one additional layer, including a
substrate layer, a surface, an adhesive, a conpliant
free fofbowidss codpeagntto ofccapty saltidrerTiesd tihdhel | iapefac® maerials, thermal
thermal interface naterlal can be coupled to the
mtellcaly@% dethlé]rSf ABRTPRACEIS) D RTQBI(Pe RONEHISING dfiejcednaterials may
amaa#g& bf Obr eaitﬁeﬁéd%}la GsRndise meﬁﬁﬁ}lb H&lh&&] apRY/bLE %' @ﬂ&connect)
conpri si a ers nmay be use erei
padsgewtlng p0|nt for the productlon of the 30 Iayered
interface materials described herein. These
conwpsttd dnifat@yedtedalsradestritat Shgeine cahbise @imEdss@nd pulse-plated
heat spreader caonponent coupled to an additiona
thergplbe ¢qugHF &V eBsHA ﬁ@cmaﬁraaa@ﬁrcanw potraiad 28¢ @t least one heat spreader
7, | O
Com e oo ol Ledh PR IR PRI OO Blepl.  The o
leasti gne hldsepmtﬂdeﬁlermdw tandastitehmateriaf earebe eltllhaydaraed a) a diffusion or
i al” "refere c I@%ere interface materjal".

. te

migfggt | b&vé% baar eSS Pl YRl O8] $PIER0BER: FiFlh st 3 die, from

bHi6n bEEShSARLs KRNBAR $he PREELHLRY SnatEX A SR/ ok Mk ting to k
Hug' é%na d?gasg or conJ%ﬂ?lo%a ad%e3|ve ﬁ%t Lgp%fgmlng © Keep
the %llﬁabﬁefl e efabaldeﬁalﬁi wady paoceptedlder,cuch he uhélatca@o’@gdérand/m c)a
CO&U&%I sesogﬁeét et ’%I%éﬁ ?Itclﬁsongtaﬁ’c gg’ﬂ%h"e\éoé%fnd related alloys and
combb@sisaheredihese | ayered materials are herein referred

to as the "plated | ayered material s" or "plated

| anep@etal Ry GEd ?f‘xﬁ@ﬁﬁ@ttﬁﬁﬂeﬁélshavm?a 'ﬂﬁgféu%ﬁ‘ onéf}€is also described

term"reference” neans a control, a“stand ar and/or a
heregeandrcahipyisexatd pase dnepulseeplated iladrmafly oduditctive nragdriat;i aabl at least one

For exanple, a ce materi t he o
neat s iea o TR e GRS B ST CUBP G of S1° Wated) ayea! interface
matén@y %ﬁ%dud@tﬁf atflkast S 1 SPAPABFhredT REHE %1%fﬁﬁﬁ%ohg>oﬁent of a reference

| e of entical constitution and prepared under

MV@ﬁﬁémﬁﬁﬁ%”B@ﬁﬂahlons for which all experinental,

processi ng, manufacturing, chem cal and/or physica

vatingtheo higergrd enferface materiblndestréraddetein érahsiest hipa thermal conductor;
) i efEnET e o RSvne aierat Poreisrt sufpl £ Ratethy Tormation of
oxidé&d; amﬂrepmwdomqidemiawia@t ed agai nst the reference as

if the properties of the reference 15 equaled, in

ef heeleth Al foETe LofEmpIhaN | a'iﬂt deehAtdry

propefi}esoo 0a rggerencg naﬁgeﬁg an ae hﬁ'r1% comprises:  a)
providhngs pallse- platted @enmibfrctoaductWh amteltfmctel’mathﬂalg b} pogitiies a heat spreader

with the s

comBFeRl aBihsaiu e Gl 4T LRPBRLY SPBhEHtb HaTseega el and the

heat ls;ﬁ(a@d& Rempphai: e 4t ekesiedditihat lﬁge rl BYRIak MBRHh@layRE, a surface,
e net hods of Eroductlon t hereo
an adhesive, a compliant fibrous component or any other suitable layer or a thermal interface

material, can be coupled to the layered interface material.

A conventional layered material for electronic and semiconductor applications
comprising at least two layers may be used herein as a starting point for the produétion of the
layered interface materials described herein. These conventional layered materials generally

comprise a heat spreader component coupled to an additional electronic component through a
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In some contenpl at ed enbodi nents, the pul se-pl ated
thermal |y conductive material 20 (mgration bl ocking
worb@rarsde) i s responsible for a significant deeCEasSe004004272
mgratory atons and/or nol&cules (herein referred to
as a "mgration conponent”) when conpared to the
m gration conponent of the reference |ayered nmaterial.
therak lggpaisef loc anhvaeionaasthekine maerddl or Yhis adonnentiond! Gfyered material is
mol e s _is understood to n at |east about a 51%
hele&bé?é 0 afyi b ?atrefﬂgﬁnoat laﬁ%efgﬁaﬁtsﬂalrm%cm fergngghdayered interface

mat&GRITRar g et Eé\y&@@ h&ERLIS el ‘t%ﬁel?] £6n "L &inAby ¢ ghiﬁ&@fence layered

25 contenpl ated enbodi nment s gration b
materiel e ek edps t}awt ¢her thsmaal grdise of ownvantldn&ldlsﬂhesabantteaalﬁﬁ%thel replaced

or GG PR Rl o Gl o g s plc
thenﬁahlllﬁ EoraRidti e RbRbEHUS HRAGH A ThSse lbﬁ,‘%edrhgi'féia'lsoﬂetl’lle%lﬂﬁgued to as
materials are responsible for at’ |east about a 75%

the d&%tﬁ‘é é@@f@%mrﬁe@rabt”dﬁ ‘Plateshinyened /interfaed mtﬁr@g’vm/éﬁ used herein, the
ten egéfr?c%at rr% C%Bﬁglenafgtang%g r e% ogﬁg %In%ragg kc?xr(%&pted conventional

prodm[aﬁ c&rmablsala er Eﬁa&ﬂlﬁlﬁszl Rif@eifce rmaﬂ&nell easilld BO Mt cant®8Yavith which the
decrease in tnghga ratory atons and/or_nol ecul es when
£

platedppfsralprind Verelanaaa 1 eppanaserl. mhleielepice) ip 2 ggiaple of identical
conéﬁﬁftﬁmp&h@ Sﬁéﬁa‘?@d ufef Ol ﬁ?’rga[ onditis rﬁ)lg&/ fchOfh %Jp%ﬁ&@%%rocessmg,

material s are responsi or at eas abou
man2 o0 g5 2 iPAT AE0 PUY B 2aRatichsdaer @asedi ninvichedicar Yerms, the

« d/ dtoth f
iR SR0T IO SOH 2 o SOl ed. L0 Lhe BT ETENCE o

matdr@aldi i Rilc@RnB e ACKRY BRhSthélefQen GORRPNR oﬁ@ﬁes (Fﬁhe reference
designed to block the diffusion and/or mgratio

equalesls @8, effﬁcqumjg ﬁhcra@e aWUera@dnnpalom’gilrelaﬁvmmWM’tw of a reference

matenﬁig dglp?atelck ngeélg § 183:1%1] 8' nt (%hﬁ&oél} %erﬁ énc matgnal and the plated
matdiiiah@éélﬁdxdﬂtlﬁ ltlwlédm@ﬁmné&ﬁbdﬁ@ﬁ@meﬁlré VAR R Q@HQ@drb&%ed into the

any process general | used in electronic materials
Plate@éV@F%n@ﬁFdé%@I?ﬁ@é@% Fighe madodsipfrrodvmioaltiereat oni ¢
| ayer deposition) depositions, liquid cleans and

et hé@n@fwl@ﬁ@@[{)@@@ twbodimenisathe, pujsesgated thérerabml conductive material

hi 0 , thernmal
(mif P05 18 AT i TPl Bt A sia e Bl rratory atoms
and/610ﬁﬁll@hle¥€{heﬂeﬁi BIFERAN QL bs 9y Thi@PBioANbIRYERS) W?ﬁénaéo%ared to the
onprise netals, netal alloys and suitable " conposit

1n1g1ﬁg@1bpq>1gp(§1qlh af tlwﬁréfergtceﬂwqu yasrigk Ahs@rﬁﬁq:an@\dﬁmgase m migratory
oI 990k S ) FARIAR LA, OBy o L BT, P4 18 i
atoniseumﬁm hﬁtﬂemd:@nm&ﬁhi endpared to the reference layered material. In other
contemplated embodiments, the migration blocking materials are responsible for at least
about a 60% decrease in migratory atoms and/or molecules when compared to the reference
layered material. In yet other contemplated embodiments, the migration blocking materials
are responsible for at least about a 75% decrease in migratory atoms and/or molecules when
compared to the reference layered material. In preferred embodiments, the migration
blocking materials are responsible for at least about a 90% decrease in migratory atoms

and/or molecules when compared to the reference layered material. In even more preferred

embodiments, the migration blocking materials are responsible for at least about a 95%
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t hermal adhesives; c) has a relatively high deposition
rate; d) can be deposited on a surface or 15 other
woaymro7sgel hout havi ng pores develop in the depeerTiuseno4/004272
| ayer; e) can control migrafion of the underlying
| ayer of material; and f) can be laid down as a
coating in order to keep the surface free of oxides
decramd ineadyratody at@ePtandol desleculiremih dorfpRrRionNeed reference layered
and/or interface materials and layers that are
matefiflt abl e for use in the subject matter described
herein should first be able to be laid down in a thin
or Tiushopld ¢lpe he approgigredi thefobe niigipdien Glockite meisrialTprecomponent can

be d@gt%%x&f {3 lﬁgé{k g{ee (’ﬂ%f%.gl %gd}gy n{igrgtigﬁ of %f eﬁagalélﬁ m?tgﬂ an, additional

unwdmm n&tﬁ&ﬁﬂ fregh cn&hmﬁg Mato wumllyﬁigeldyerpﬁtlh@cem lTlfeI d&ides, liquids,
y arrangenment of points or dots, whether isolated o

metq,ls @Jé,ql.rﬁm%{adqulgnafl W&n‘@ﬂﬁ‘é@erléﬂﬁ maé(dbq fenopiieceBY ARY peesess generally

used 1 dél%tjlro{-/ﬁe?:gﬁa eﬁ%lgtsd%{m nl?&el%g g@?ﬁ)&%gﬁ?é @ffcl/lH(ﬂﬁg %\yﬁ)qu]ﬁ (?]tomlc layer

depcmtdmr)u elbpositioas; Moped ckreasnd ridhbos, dlﬂm&ﬂb anatbngsl gaiBESus thermal
ntenpla ed thin |layers and ultra thin | ayers may

tmeF§Wﬁ%]¥#%ﬁ%qn Y& than about 1 mdown to about one

An stromor even down to the size of a single atom
%@rm@?“%@’eﬁh%ml mtsif@emqt eafl/py inteidans féétﬁflélﬁ@p‘lhﬁtl%%ly conductive

- I f

m%?%%&. SR AR AR5 WRNaRY Mmekisl HRUL bl WG and suiable

comabﬂi’lﬂ:tmﬁa@alm that hieetkat 1¢ant e thefublodimeddsson g eﬁpdaaﬂﬁdald down
ss than about 100 nmt hick

in a @E’tl OB{.lhlé’irtH1n§6 SIS é)grt%:@!ﬁ)scanéaﬁr{lm%éelmr@f Bet{eﬁ ltl}gn conventmnal
thertn@Y£Ihsi EL c% 1%\%5& 1%&@1%1@/ %‘f dép%sﬁ@h thi CAS call @@%@péﬁ)é@ bR a surface or

are generally met hod "capabl
othepﬂacydu Mthgutahaymg‘ mrns d¢\@i®rmwht qua:)sntmh ilapemn a)fcap @Desolcmlgl ation of

the DGOy altrlo Pad Bt o B 36 o stnadn g (o keep the

surfARFasiof b@idcs alEreadpftyacsetisaldbe net hods and appar at us
are available to lay down layers or ultra thin layers

of Tﬁl@lﬁﬁ&lﬁl&‘t@l‘%omlf&‘f\@f{@[)r iR O nd BRI LERE 12,9007 taVeSSLﬁﬂgle for use in
met hods of achieving a high quality |ayer of materi al

the SUQJ qgumg*éq @sanbadgher@u lskadd fﬁhﬂtbﬁm@le(medhldl down in a thm or ulfra thin
t o.direct curren

cont nép % Yélt c?rg%ttg );f” k@gp&s&%rsnllggx/&: grotduﬁegltbyamg use gha 8}&5 N OP the pattern

mayVhd brialubad byee devite 2ap®IEsf AFAO oWl 8 esitdd Bﬁ@erﬁ’ee@ontemplated
di scovered that the lack of pores helps to control

pattgyrgtydg rangfa rrangemesistin qinie wirs! o, ve Irpshest pedpteq @yeqosmbmed to form
lined ‘fi’isfl%d-tiﬁb gpa%l ?Eu?cg dA ?t}{'?{) T}E%If Cfﬁ%ﬂg afed VXEt%%}se}ng%e S ealge[ and curved

ase rea

hnesi; Inﬁensejtlahs vﬁhtyesnhm@wmlu sridpakd of Ayteswel fress h‘de)l}S overlapping lines.
con gration_of nickel atons across the gold
Conje iq,t pslpan ayELS agéj%té%mm ﬂaeyy@ﬂgqy ange {ropgless than about 1 um down to

about one Angstrom or even down to the size of a single atomic layer of material.
Specifically, some contemplated thin layers are less than about 1 um thick. In other
embodiments, contemplated thin layers are less than about 500 nm thick. In some
embodiments, contemplated ultra thin layers are less than about 100 nm thick. In yet other

embodiments, contemplated ultra thin layers are less than about 10 nm thick.

These layers are generally laid down by any method capable of producing a uniform

layer with a minimum of pores or voids and can further lay down the layer with a relatively
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contrary, direct current plating, which is suitable
for many applications, including decorative 10
woewslory261 connect i ons and ot her applicati ons WRETAIS2004/004272
t hi cker (greater than about1ol m), cannot provide the
essentially pore free layers that are required for the
applications described herein. Another nethod of
high dx;pom@od own. My duayblesnethodsl ztnﬁaa.pbb]ﬂams| ay @f/ﬁlalbﬁa tbh@y down layers
ic reverse nethod or "PPR'. The

or ot fGuRees Sy ans ST P Gows B %qstebpneéa}%alcij méth@m ghachieving
a hl?{h gﬁe%lii?fla%lt mgatQMaIQﬁ gh’l@éd %1&?12% \éﬁqliét{l%%ﬁng% vﬂﬁ%lsﬁg{)}%ﬁgmem plating

mat the cathode s
as ofppesedu b slereoee et @ lategg c se | ay @dmt/n bayetOt s a gt f1Be appsrtually free o f
ic.fo s anodic foll owed

POanﬁ%t ik o Pt insrrpieTara e pel B o A& feeongro!l migration of

the E¥Rtitukhts If thd¥ther &&Eﬂsﬁﬁbtntge pPhedRpéat F&%)@n@@lv&hm a gold layer is
amount of filmduring each cycle, "PPR force

pulsq pédtecaento @ nickel-baset deategrdadei d“@efsbtilv@ymnp@one gazlldtlalymg effectively

cone PABHABE SIS A0 GaOET RIS PUELER 5. 0

conﬁ&b/edltdcv elhlyelﬁtpﬂdtm@l Wwhichhe sﬂilfubi‘é(fof i iy Eﬁﬁ@aﬂ@% IiR@udfg decorative
the "depl.atin or angdic portion of the c cle. PPR

Jewfa%§0mﬁct1%ﬁ @égdmthﬁr ?Rﬂhc%ttﬂﬁ?é Wwhetathickge pgi%tﬁ Byan abaeth! a8, cannot

provg@é e ggsgﬁﬁélwl }?cﬁe ﬁ%gcl:ﬁ}é%eth&oalréjleg lﬁ&i_g)g tljée g@ﬁﬁaﬁﬁl ls?/degc &4 herein.

|n systens ree cyani

r (chel at uring th e
34 A XL, OIS gL A i e
reveeytah@hed ot 1RHRE’. i BhdpulsetperivtiRaeterse Mbihow cbbeoitk @bfbdyold the pulse
r e- dissolve. Pulse plating and pul se periodic
platingpestiaqd ay aghetly ‘daverang p@r@ﬁlﬁl@a the Bim airijre eathedd swfice A typical

cycl? P ;%Ese }?E?ﬁ)ﬁlcai%\/&sé: na 10I 1%? at%lgﬁég gﬁLgc-lE'cwfc(ﬂTovt/e;]él gy 0.5msat 10

ol'e or in par on site
ampts eanndK: fell@al¢d bearsms ds gmel eTtRId SrotsBadr alid®ahfagtNef PPR. First, by
nd f- block of t? Periodic Chart of the
strlgplggmﬂlt @léep "gllngﬁgsng@fllt HQHY 98 1§p dHEng saghysaelen BER fo1ces new nucleation

sitesBF Bhchl dub&ssiPé 9?@% Yésﬁglgg ?lﬂ'tk?@? réfulcli r@g?sgﬁlr "RBO M ycles can

The term "netal™ 1 ncl e group o
be tajborebiel BIOVléﬁ efneryemnfco-maﬁlmsr ansldctioalyratplisg thasthiekedm areas during

| .ock t hose 30 nts
e PERR R, SR R P RS To R, B S o STRS some mew
depd%[thint alch &S b rdodepdifen,tdegate %loﬁll{ﬁalﬂfg is hBANSPIRRLn sf&fems with no
used herein, the phrase "f-bl ock" means those el enents

free cHaidgy aH@nc'éq godd makh platg fromy fgyankde wpinperd (dblagy) iutiag she plate cycle

o SUAEPUIEKB UL 48 80 LETE s L8 S o e

dissdlhe alhtlmpthaag dﬁﬂeﬁlﬂﬁd @erioEt akeerbd 6l dieles lcﬁﬂlbén])uﬂcﬁz%gd from any

silver, per, tin, bismuth, giallluman

Sultagf q et HEP @SR, Coglipméhk%lawﬁaé@% 5‘;9@ ouilhe wdiojessrin part) on site.

coated alumnum The term "nmetal" also includes

al Beyised herew, Hretean “gsigbosicarssthosrelanente tlatiace in the d-block and f-
block YFRAShL Esic Eﬁal%lof the Elements, along with those elements that have metal-like
properties, such as silicon and germanium. The term “metal” includes the group of metals
commonly referred to as transition metals. As used herein, the phrase “d-block” means those
elements that have electrons filling the 3d, 4d, 5d, and 6d orbitals surrounding the nucleus of

the element. As used herein, the phrase “f-block” means those elements that have electrons

filling the 4f and 5f orbitals surrounding the nucleus of the element, including the lanthanides



10

15

20

30

pol yner conposites, as well as other netal conposites.
5 As nentioned earlier, one of the contenpl ated
wenbhadrsent s conprises formng a coating of seCuUEIS2004/004272
itself using a pul se-platedinet hod and/ or appar at us.
As an exanple, a contenplated |ayered material m ght
conpri se: a) a thermal conductor, such as copper; b) a
Diegtdeve [ t t R,
ond BCRRSHISL® B U0 1AR) Sl L, BORE Sfkr Dy i ismt
gallmlhEam)laHeys Phadao;ﬁr ﬁb\&ntconthé cfopperabnd)mlmér oatadeslunsmah.  The term
ckel de ayer of 10 so]Jder to attach
me{ag taLsg gﬁc § gs,c H@Fﬁl OLROsliess 1etgl Serage qogyaé)lsltes metal
polyﬁ{er @@1&1565!1@5 e{s%efl‘l%%@ﬁer nidig c%ﬁlpgﬁfesand the layer of
der can be conbined by plating the solder directly
on&shﬁent?dn% teraﬁﬂelr oft& TP AE Bhn B faPerd D688 RGN prises forming a
i ckel
after suita preparation stepS to renove any
coatongi d@sdld@teutslf hsingddputlseopiatetl eethay end/of appdretusal At an example,

t. the sol der can be el ectroplated and the sol der
contpp efedJayeraE M qriel B FSMPTE 1 AL hAURE! SOIGHEIPBrHE &1 Eopper; b) a
protﬁtivquyetrhﬁlchaebéerﬁe?kel-f’top}![ir%i/écpﬂ}%l %emtc'oﬁ@tﬁﬁowy lidayer of material to

benefit from pul se-plating or pulse periodic reverse
accept fieisnlgler aiwl prekiéry thp frrmation séwé@, secht asg‘nclmh okidegand d) a layer of

ra e.and eI|n1n or os t hout .
soldt ) e} L HiRB8E Coabhtft SeBRSATF i bt Mk AE Bterial to accept
the bAY@T ardSthdepRsi dfeblddr dam BENEIGNBIBO hyt }Sla‘ﬁng thaMsdlbeN@Y&tly on the
a relatively high thermal conductivity as conpared to

elecEee sRtIPORRIN A& nlmat apisadar\adier ghiatde meepargtont Hepsnigl remove any

d | d. i
nlcklala(%/ﬁ%eztﬁyﬁgek% %&P%Le » & gflygg oé%%ﬁgrheagt?? QCCgEt tﬁ% S&)ltéglecrdﬁaqe electroplated
and ithd esldeniwset chidyber silMstleondd, tatieched easoﬁ peefolmdammgiagof the layers

materials as corrosive fluxes that nmay be needed to
previusiy meyiqngd v ayd parefitdioan pylse-plaing wrﬁﬂsm REKISHIC g¥@ge plating, as

this Eg%r‘gﬁﬁfjé'&%s tl?)e ﬁtg‘?f H@g tﬁﬁ:@ﬁ% anhl%"l'ltmlﬁé}ﬁ g)%‘#(%t w1t 1out any real
c onents or at sSpreadi ng conponents at s

disadwrgitdgent 25 spreadlng are used herein |nterchangeably
and have the same common neani ng) generally conprise
a Meicalhothermeilahtcbamaectiage ipdbgdsitad it Sugldesoodi kel ,will have a

| |
o A 2 A bR 4o AP BT 0 C o e b e and other
therﬁ@lﬁ%ﬁ'&@r Ad8Rio Llolg‘lgelé‘ssukll? &s Melediifd ﬁécﬁl d4ib @él‘?ge bAFEed directly to
mat eri al can |SS ate sonme or a
the themed attedonrtzgt ke \eithmtt tieenise of (smqiodmmﬂgmg%haidﬂats as couosive fluxes

spreader conponents can be.laid down an ita
that Ry RGeS0 G SRRl G O 6 TRBHS.ORER o TG (sgmig prodce the
ther@@INPeNARt . the vendor and as long as the heat spreader
conponent is able to sufficiently performthe task of

di $RLPGNEAR SOMoREnt@ldr bt sPiCadIRR L oIPRREAL ]Fedi ' PMader and heat

spreading are used herein interchangeably and have the same common meaning) generally
comprise a metal or metal-based base material, such as nickel, aluminum, copper, or AlSiC.
Any suitable metal or metal-based base material can be used herein as a heat spreader, as
long as the metal or metal-based base material can dissipate some or all of the heat generated

by the electronic component.

Heat spreader components can be laid down in any suitable thickness, depending on
the needs of the electronic component, the vendor and as long as the heat spreader component

is able to sufficiently perform the task of dissipating some or all of the heat generated from



10

15

20

25

30

WD 2004/ 075261 PCT/ US2004/ 004272 12 the surroundi ng

el ectroni ¢ conponent. Contenpl ated thi cknesses
woaorus®it hi cknesses in the range of about OP2TH/USRN4/004272

to about 6 mm Especially preferred thicknesses of

heat spreader conponents are within the range of

about. 1 mMmmto about 5 mn. The Iayered interface

the siBloahdiab cRBYSHEE obrﬂg&ﬁe@l@ NESKmFBLAY thRl mé‘é@é’s ddMERiR8hicknesses in the
applied to a 5 substrate, another surface, or another

rallgpa)f@b@wt PRt enmdb absuh6 mpmt é%sp@@ﬁlﬂsepmfm@dthnéme%ns nBieat spreader
COlnﬁgﬁ%?ﬂ ﬁga h¥n %{%Srénr %%:f aboul{bzr%ura B! & solid material.

icu €SI e woul d
co 1rgg§y%é{dlajnter@f:g E‘%ﬁ%@ ﬁg}t%rlcg ae%tt }nI% 1 t al éﬁ?lblﬂe applied to a

subsBARO dhdtRA i fabd) @r nbidet [56Rd GnABRII| E78‘%1%5@1&1’&% bdri&APlaRd herein may
ger mani um a rsenide d ie o r wafer surface, a

compigsk agi Aesigblef abetastidlly sddidt matetial. nPartwobtplefrdesgalblvesmbstl ate layers

WOL‘[[H Sﬁﬁ}gls%ftg%ﬁgg | %teria?rpé?ﬁll%s%%g%ﬁ%%?g}; c%aégi g‘% arl g’lucomposne material.
Inp tdfﬁedfcb OnbedinehisaOR, s ustrite doM@kikes s Bicbh beReFmati@rd8&ede dic or
“copper" includes considerations of bare copper and

wafgrisusface i paskyging spinsenpich ssdeendlick 46PN BHvebouplee! or gold plated
leadfrglrn@ré e&ﬁ)els%k c@%uélﬁ%&?fb&g al?agﬁjr%()l;t/ Hé%ﬁ (?Zl%ﬁggﬁgle 111t%?§:0nnect trace, a

packag or ot
V1a-wa|]ﬁ fcacﬂxffegbmﬂserﬁzvd Oobyreet sncdurdsl caﬁlsidpmkiyhsmodenalél' heppel and it’s
ubstrate” e en. be efi ed o anat her
oxidggh &rokm BB O Eep uch e é}tﬁ]&d@s& plgimide-based

flex PAERadR! @éa@r b€ gth%mélnﬁi%ﬁ solH&ebaﬁP RSt AL %le&@ 51 ﬁﬁ?m@ls such as

mat eri al comon in the packagi ng and circuit
pOl}/lmml@st rlihes“wibsthntels nm}d iegen becdgped, aglaasther p@t;dner material when -

consit 16|g eC8h s(l)qu ﬁgerfagAdd Irq%ﬂfia lg{,e]fei%e r%ﬁ]{l)()félrll{l{glﬁtgrflh%lsuggﬁq? gomprises a
matdrd] 68HioR UL tl%dcﬁﬁgiﬂ and ay&fieshaePHIARER] suc'htas'ﬁlcon copper, glass,
contenpl ated that t he addi tional |ayers 20 wl

and geaiRripebiit erial s sinmilar to those al ready descrl bed
herein, including netals, netal alloys, conposite
matelditeing] layaiswfexmateriabmyéaEScowiegami thedeygredinatsrface materials in

S O T I

will lcay@kis®imAtaHlNading t5Bh&kI Alca®) dedBdd NGrdiRt i%E]u@lnffCﬁ‘i@tals metal
be coupled to the |ayered interface material s

alloygeproppiisie Msierialfe pelyas S, IaPING s OY%C]UFI cogwobyds;, freorganic compounds,
orefiRANE Wore b BRARBES, b2l Col T bt SRR SHEE R .

rein orced I esi rPe eri
nat es, t.

mat,ef aI S hla a d

wnén g B Brdndind ReRaler Pf’ﬁ]ﬁ@g Shitaerohp pBroied g the fayered
interh%fcb@%d&@ﬂizﬂﬁ Qepdnatiy M]@hé tARbEShs reliafdiehy tifeh@dhSshef.» Laminates

El ect roni ¢ _Packagi ng . '
are generally considered ﬁber relnforced resin dielectric materials. Cladding materials are a
subset of laminates that are produced when metals and other materials, such as copper, are
incorporated into the laminates.  (Harper, Charles A., Electronic Packaging and

Interconnection Handbook, Second Edition, McGraw-Hill (New York), 1997.)

Spin-on layers and materials may also be added to the layered interface materials or
subsequent layers. Spin-on stacked films are taught by Michael E. Thomas, “Spin-On
Stacked Films for Low ke Dielectrics”, Solid State Technology (July 2001), incorporatéd

herein in its entirety by reference.
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I nt erconnecti on Handbook, Second Edition, MG aw Hil
(New York), 1997.) Spin-on |ayers and materials nmay
wabhew/eadded to the | ayered interface materi aLT/USR004/004272

30 subsequent | ayers. Spin-18n stacked filnms are taught

by M chael E. Thomas, "Spin-On Stacked Filnms for Low

keff Dielectrics", Solid State Technology (July 2001),

l nA@?H@dtﬂ)ﬁl@G ftReE &it@mb&tddtt%el%'ﬂdl IsbREMOYIC BAKLEEE @herWQl interface

2004/ 075261 PCT/ US2004/ 004272 13 Applications o
compeneatspripxsipd anterdace meranialyl ard dwt spyersler lmoaelwag@scmhed herein
comﬁlg%g i (o]4) lpgi‘ag{l] gatﬁ E&‘glﬁﬁg A @/‘F? é:gllx %{)Iﬁeélﬁ 1snt% gggtfrh%g?a&/eled material, an
elecﬂn@ﬂel Comp@Rpt i @e al fiedshpdr dedtngiid hgotider | Blestr@ie/ édmponents, as

n@gnents i nt o anot her Iagered material, an
COnt@FlB Forenc grpsAeRtly drought f PRIRRESCAS CleY Rd coppgreEthat can be
tilizddCfif hANIEct t 5 e
e T R RReR ioa e, CERRL B LR Ok ket comrise
circtnhbbardanclhp: paokading edtpamtoarshedtg cdieleniric- hﬁﬂlﬁdlep‘rsodﬂcircult boards,
d el.ectronic co ents conpris circuit

P“mggéﬁlb‘gg ity B HGPOTIA PAT AT SIRRERSS S 45 wepgiogs, inductors
and fe@RRRHent s of circuit boards, printed-wring boards,

and ot her conponents of circuit boards, such as

CaPRlbADasdIIEIAL San bANMIGED B g
- Hect rlo%l C- %d;qjg Ucts can ﬁ" %%?nssé%cf‘t theﬁ/ ru?]leady to be used
in 1n§ests5€01t‘tnad)theﬂ"®)nsmnersr @acdmptee okﬁd:inl_shecﬂ corisnmien pltwlumy aog a television,

ot her NSUNer s. | es of f.inished cons
2 cobyh s e B § et R h 0 Bt o abIE i e atereo, and &

remdcte RSS!, &159%bﬁeﬁ:}ﬁ%ecpﬁrga'mté%{echa@e"%H@&;& Sudnagld arcu?t bOB.ldS chip
car stereo, and renote control. Also contenpl at

packagiag)' ndtl@wh@@d%ﬁiet arppoutitly wilcded asfigishalprodisgar ds
chip packagi ng, and keyboards that are potentlally
ut Eldcirenici proflicis shaed atsoochmﬂniﬁe &@r&ioe}qier coomheorengdatciisy stage of

conpr pe conpon t an t age
devel: ﬁn%%@@r%wnﬁgﬁtﬁﬁ%ﬂcr L, ga%tsa%lﬁ o b Rinpiptype 16y or may not
contﬁﬁl%hl%flﬂlﬁy AREK coBporenky @lRHYPR IBYisid Jff@d udtOdnd :ﬁﬂ%@ﬁ% may have

of the actual conponents intended in & finishe
som@ conponentsa it argreatstuyied avh! ravposiso matamipo meddrsto negate their

onstr terial in
iniif) 28 R0 B IR s Rn e e B el on ot her
conmponents while being initially tested. 20 WO
2004/ 075261 PCT/ US2004/ 004272 14
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EXAMPLES Heat spreaders were produced and plated with

a gold spot using avail abl e masking technol ogi es.
wonodasioas2esanpl es produced using DC current andprar/us2004/004272

deposition rate of 0.25 5 nHcrons/ 10 seconds left a

red deposit. This red color can be an indication of

porosity, as it suggests a deposition rate exceedi ng

t hé&xelmmipsol ytes ability to replenish gold at the work

surface. Dropping the deposition rate to 0.25

m crons/ 20 seconds helped to return gold to a nore

pl easing | enon yel |l ow col or. However, this deposition

I alfReaVaSre iR GRRd ?{%ﬁﬁcefdo nd ﬁlq{éﬁe\m Qégl%gd gﬁcﬁ?ls&ilgoax’faailable masking

pul se plating sys n1mnt a pul se cy
techmallogiesechnmwl ovangpiad ProGuerdl hsusgdﬂﬁdmrremf find hO8embaitiph rate of 0.25

d this pOSS|bIe to
i ABREIE e 0 Aol TR ot R SO et parosi s i
sugg‘eﬁt@%déposibﬁnnﬁteaeiﬂéécﬁnggﬂé %I%%ﬂl(‘:ﬂ?fte@l-ﬂbﬁﬁ CtMCIJeﬁleﬁlfsh oid at the work
ff
mllisecond on and 3.0 m|lisecdnds of

Surf%c)?cI@rOPPWﬁsIh@ﬂem)Sﬁ@@dﬁ@siOWe%femmhm%@com h@ped to return gold to a

n I1.ew 15
morg?lf?atsﬁl 1 p—%ga\ﬁél We)@%lég I I%\)A\Igeve% od e ewg}o& F??? Hveasplllﬂag%eptable for
compM@mmmgmémty cycle was 0.3 mlliseconds on and 0.3
mlliseconds off with 2.1 anps average current for

abwpulaéplaﬁﬁg: opksn with $pEXE LRIt 8F 2@eHHRIL AP ERPDI( mgilliseconds
m crons of gold evenly across 32 work pieces. 20

off @ﬁ%sdu’%’bé@ﬁ pradusethobishgribis cvals, dpphs eesibint dfposin@rdfamicrons of
lmnéP%&ﬂ) diﬁ(%&&?gggg; thermal i nterconnect and
In er?ggg

er ial's ave been di sclosed. It should be

SO ot R e DO OB B8 D Mo o
(3.3%eaek), hsdicatifePos S {leendd (whRULCHISRAN g nfldflf?t'iﬂntnlﬂ? a lemon yellow
i nventi ve concepts herein. The inventive subjec

colopmtter, therefore, is not to be restricted except in
t he splrit of the disclosure. 25 Mreover, in
i ntappretomignplhtdginielcysiaves tedtdd vheraim thdpulkelpheng duty cycle was

ted roadest 0ssSi bl e manner
0.3 I&“Elﬁg g, pn v%ﬂl?rpt ?ﬁ%ﬁtssmné‘ﬁtoff ?Vﬁ’f%p%? R Fferagengrrest fyr about 15
secongd MIthisS Ecle &N ddeque@MBr dpoBid 0. BRI 61 IBILERIE! 861088 32 work
referring to el enents, conponents, or stéps in a non-

piecgsxcl usi ve nanner, |nd|cat|ng that the referenced

el enent s, conponents, or steps may be present, or

ut Thitg expecific @umsiments vaintl happiibgions | efiméietaal srﬂmqhﬂmemCSpackaging,
ther:Ral 1n&ergosnntecr:]tagnda uﬁer?ace materlaxq{asg %legn rdlesfc orsg CeIt should be apparent,
however, to those skilled in the art that many more modifications besides those already
described are possible without departing from the inventive concepts herein. The inventive
subject matter, therefore, is not to be restricted except in the spirit of the disclosure.
Moreover, in interpreting the disclosure, all terms should be interpreted in the broadest
possible manner consistent with the context. In particular, the terms “comprises” and
“comprising” should be interpreted as referring to elements, components, or steps in a non-
exclusive manner, indicating that the referenced elements, components, or steps may be
present, or utilized, or combined with other elements, components, or steps that are not

expressly referenced.
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WD 2004/ 075261 PCT/ US2004/ 004272 15 CLAIMS We claim
1. Alayered interface material, conprising at |east

wonevpusse- pl ated thermal |y conductive mat eri aPCTAIS2004/504272

at | east one heat spreader onponent. 2. The | ayered
material of claim1l1, wherein the thermally conductive
material conprises a netal-based material. 3. The

| ayered material of claimgyerein the netal -based
material conprises a transSition netal. 10 4. The

VVe&@y@red material of claim3, wherein the transition

1.

10.

11.

12.

13.

rret al conprises gold. 5. The layered material of claim

1, A%?gr%{irhtéﬂi’e%etlhﬁé 4 conduct ive material is
essen § '

non- Iayered mat eri al of

cl aj wher ei re der onent conpri ses
a a#r]g]f‘%lonﬁ gglggp[}.ggﬂtﬁ a21ry| ucyye ‘Vla%efﬁ yer ed
material of claim®6, mhereln t he met al - based base
malaﬁ{eﬁ%ﬂon% 7 sPIsader CAMPRBFAL al uni num copper or a
conbination thereof. 8. The | ayered material of claim

1, Thadavered muterideodiclaipr o athercie Siafberarllyconpidtivegnaterial comprises
SI l,i . a conbi nation thereof. 9. The
“%QQ“ﬁg é@ggpggf cIa|n11 wherein the | ayered

e A RUAES T 0 0 A IR 08

whesgditiond hetal.her mal I y conductive |layer is less than
about 1 mthick. 11. The |ayered material of claim 10,

whehe Imge;éaen&t&@ﬂrmuaﬁncsomwﬂ 8 aﬁMﬁBn Rt %&%F%i%%rgold.

about 500 nmmt hi ck he | ayered materia
| i L
IC e?gg]t 1%1}61 e 501:%1;1 511 Bg %rlﬁ,tl ! etrl hl : Q’&l/ClLe}‘eﬂi Ot'.ﬂg #ﬁéﬁﬁ{aglfe ?éeﬁg;{uc'tﬁe material is

rrabﬁemaillyufonqjcad)m 12, wherein the thermally conductive
| ayer is |ess than
The layered material of claim 1, wherein the heat spreader component comprises a

metal-based base material.

The layered material of claim 6, wherein the metal-based base material comprises

nickel, aluminum, copper or a combination thereof.

The layered material of claim 1, wherein the heat spreader component comprises

silicon, carbon or a combination thereof.

The layered material of claim 1, wherein the layered material comprises at least one

additional layer of material.

The layered material of claim 1, wherein the thermally conductive layer is less than

about 1 pm thick.

The layered material of claim 10, wherein the thermally conductive layer is less than

about 500 nm thick.

The layered material of claim 11, wherein the thermally conductive layer is less than

about 100 nm thick.

The layered material of claim 12, wherein the thermally conductive layer is less than

about 10 nm.
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about 10 inn. WO 2004/075261 PCT/ US2004/ 004272 16 14.
The | ayered material of claim1, wherein the thermally

woaonmicsieve | ayer is laid down in a pattern. RET/USh®4/004272

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

| ayered material of claimli6 wherein the thermally
conductive layer is forned by a pulse plating

apparatus. 5 16. The |l ayered material of claim1,
P L R g MRHRAL Eor LRGN iseid dovn
mate? patterof one of clains 1 or 9, further conprising a
substrate. 18. A plated layered interface materi al

haha dayarad gatatialost cdanphneitdrein clombeirsalngcondattiedagdr is formed by
one ISE%ﬁ%ated thermal |y conductive material; and 10
ataP§§§@ HRHUEpr eader conmponent, wherein the

niq;ation conponent of the plated |ayered interface ,
matl&f laersdsnpledelcielan hiwheses thethennally eadpelivedaye is formed by

;hggpgg%%ﬁahgﬁﬁgggHgﬁggi of a reference |ayered

i nt e materi The | ayered material of claim

18 erei.n_the m.gratjqn. c nt. of the plate

ooy b BeRaal P B 3P bl Mt L BRE SR catyoo B 3 sBhormens

15 %@F ghe | ayered material of claim19, wherein the.

mi Gy RIFCEAAYCHTBITERES BRCHARAYINE RS et R AR e FPRRRSING:
material is reduced by at |least. 75% 21. The | ayered

mafkierst ong pulgs-alatribermplycandndtive maigiakiandn conponent

of the plated Ilayered interface material is reduced

by ahleast ©ag hegigpseader coppponealy shertinrieanigeitionfcopipanant 2, the plated
wherein ] ' n f _the ted 20

[ ayer ed DA paHEb RHRR A0 B st Bl S anBreganyne

23. Thenligydoedorpirehi 6f a @feredc@il el & inthReehiatdriae
thermal |y conductive material conprises a netal -based

MRTRE i|@&ered fhateHAE of *YEME DS, MRk @Einahe QhigfdtRiMoAhonent of the plated
wherein the netal -based material conprises a

t r daysiediipfar fags materiglgs palucathley dtdgast 6@fomat eri al of clai m
24, wherein the transition netal conprises gold. 26.
Théht dyyeretmateriet oélclaoh t9,aierdi@, theimeigeitiont doenponent of the plated

t h?aryrerr%lcllil)ftercfgcnedrylgt%ﬁe\(lels ge%tugéci l%lf at I8ast 75%.
The layered material of claim 20, wherein the migration component of the plated

layered interface material is reduced by at least 90%.

The layered material of claim 21, wherein the migration component of the plated

layered interface material is reduced by at least 95%.

The layered material of claim 18, wherein the thermally conductive material

comprises a metal-based material.

The layered material of claim 23, wherein the metal-based material comprises a

transition metal.
The layered material of claim 24, wherein the transition metal comprises gold.

The layered material of claim 18, wherein the thermally conductive material is

essentially non-porous.

The layered material of claim 18, wherein the heat spreader component comprises a

metal-based base material.
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essentially non-porous. 27. The | ayered material of
claim 18, wherein the heat spreader conponent

woaows®ws a netal -based base material. WO 20041Q82D6/004272

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38. -

39.

40.

PCT/ US2004/ 004272 17 28. The | ayered material of
claim 27, wherein the netal -based base materia
conprises nickel, alum num copper or a conbination

t hehg ®fyeretOmatthial bﬁ&’l@fn@ & 7Metefei theOhedl-Baset HBse WS RIl Romprises
the heat spreader conponent conprises silicon, carbon

or nigkelo AMBH.OIPPP erer@cfombingon thareof]l ayer ed mat eri al
of claim 18, wherein the |ayered material conprises at
I e&“he lm)meed Hdnlairital oﬁalailhamemlmﬁeinﬂhehb&tl spré@der Ttmeponent comprises

Ia terial ?@ q% 18, mhereln the thermally
‘&’i‘uC\*} &Y &0 ”1%19% about 1 mthick. 32.

The | ayered material of claim31l, wherein thﬁ ,
t héPRddielrdapagne frdaimalfe .Whegeull dhsdayqighmaiggiah pRyprissgat least one

n"h&ﬂh&ﬁdl dheiliayered material of claim 32,

whereirn th tﬁernak?y conductlve Iayer is |l ess than

b
2I g‘:ﬂ%nl%%?ed mﬁ&%ﬁaltgyﬁiﬁmt %r rra &?ein t}?eyﬁr | Ve%]dh& veolager is less than

erein y cond
| egbodthann tldblgut 10 run. 15 35. The Iayered naterlw
of claim 18, wherein the thermally conductive layer is

| airde Q’d%)é'fbd thikeAalPFH A8 1, Itherdih €hd AYLRAT doRbeEhal [a@dr is less than
cl ai wherein the thernally conductive layer is

f opbed 580 nmuthisli se pl ating apparatus. 37. The |ayered
material of claim 18, wherein the thermally conductive
| ajfee laysreddonatedalbyf cldm 32, puliesan pier theunalyr @ndngeve layer is less than

nmet hod.. 38. | ayered material of one of clains 18
or4@§Q19§PFH£F$conpr|S|ng a substrate. 39. A nethod

gﬁ;ggq@ﬁn nﬁtﬁﬁéeor Fﬂ?glfng %trvﬁ%?%éﬁrli?e;t %%ﬁald{yc({cq? gtgvsél 1ayer is less than
|n5§&ﬁq@qmﬂater|al provi di ng a heat spreader
component ;

The layered material of claim 18, wherein the thermally conductive Vlayer is laid down

in a pattern.

The layered material of claim 18, wherein the thermally conductive layer is formed by

a pulse plating apparatus.

The layered material of claim 18, wherein the thermally conductive layer is formed by

a pulse periodic reverse method.

The layered material of one of claims 18 or 26, further comprising a substrate.
A method of forming a layered interface material, comprising:

providing a pulse-plated thermally conductive interface material,

providing a heat spreader component;

physically coupling the thermally conductive interface material and the heat spreader

component.

The method of claim 39, further comprising coupling an additional layer to the

layered interface material.
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41.

42.

43.

44.

45.

25 physically coupling the thermally conductive
interface material and the heat spreader conponent.

woQoo4ing2emet hod of claim 39, further conprisi ngCT/US2004/004272

coupling an additional |aye8 to the |ayered interface
material. WO 2004/ 075261 PCT/ US2004/ 004272 18 41. A
| ayered interface material, conprising: a thenna

C%%@Iéarmteafa%%@ﬁm ¥émpAygs; a layer of material to
accept solder and prevent the formati on of oxides; and

5 gﬂgﬁﬂﬁ §&Kaﬁlder material. 42. The | ayered na;eria

of c alm erein the thermal conductor conprises

cQo The | ayered material of claim41l, wherein
£]%&mlve?Wvé Iayer conprlses ni ckel. 44. The

teri of cl ur.t
B o e AP ool ot e PRl o THna
cIa|n144 erein fhe el ectroni ¢ conmponent conprises a
di &layeryqf solder materia

The layered material of claim 41, wherein the thermal conductor comprises copper.
The layered material of claim 41, wherein the protective layer comprises nickel.
The layered material of claim 41, further comprising an electronic component.

The layered material of claim 44, wherein the electronic component comprises a die.



