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SYSTEMS METHODS OF PRODUCTI ON AND USES THEREOF Thi s
wa@ppkileebi on clains priority to US Provi si onal PCT/US2004/017906

Application Serial No.: 60/476768 filed 5 on June 6,

2003, which is comonl y-owned by Honeywel |

International Inc. and included hereininits

entirety by THHERMeALINTERCONNEGHSYISHEMS ON The

field of _the i nvent| on i r mal nn syst ens
in el edMEJH@DS pzjﬁmygﬁof Hent s
and ot her rel at ed | ayered materials applications. 10
BACKGROUND El ectroni c conmponents are used in ever

i ncreasi ng nunbers of consuner and comrerci al
This apbicdtionridmp padrittte UERmv'p;licﬁml AbpBatien Gerinhids.e 60/476768 filed

consuner and, commercj al cts are tel evisions
on Jupg0. 0 W@@ﬁﬁﬁf@?@onlm &y Herveel %nfeg}qﬂoaﬂc}ﬁ%sand mncluded
hereuPﬁQ%%ﬁtué??B%e"féreh&’é’e organi zers, portable radios, car

st er eos, renote controls. As the demand for these
consuner and commercial electronics increases, there
is also a demand for those sane products to becone

FieLsonTHEINVENFIONf unct i onal , nore cost efficient and

thermal |y efficient, and nore portable for consumers
alehe blisidneds e, imention eisulthernil tintereimectdsystems ein relectronic

complyie Rt b Pef IR AR AR LR STR b epliasgns.

and better designed. Exanples of sone of those

conponents that need to be reduced in size or scaled

down are printed circuit or wiring boards, resistors,

Wi ri ng, keyboards, touch pads, and chi p packagi ng.
BACKGROUSRent s, therefore, are being broken down and

investigated to determne if there are better

biRlecHORl PRIPRITICHISs ArgNESCAENNOE PPraesing mumbersoRf CRETWRS and

GG, B SIS A8 CEaRRE B i

productsrmen ndertisions) persgnall coappeas, Intemeb gerstesy eels phenes hgagers, palm-
mher of t yers while at the sang

.
type QTS I g ety SRRPRLS) TERBISHRABIY 143 hgofgad for these
consubRABh A AEhnh @%ET Stectronics increases, there is also a demand for those same

products to become smaller, more functional, more cost efficient and thermally efficient,

and more portable for consumers and businesses.

As a result of the size decrease in these products, the components that comprise the
products must also become smaller, better manufactured and better 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.

Components, therefore, are being broken dox;vn and investigated to determine if
there are better building materials and methods that will allow them to be scaled down
and/or combined to accommodate the demands for smaller electronic components. In
layered components, one goal appears to be decreasing the number of the layers while at
the same time increasing the functionality. and durability of the remaining layers,

decreasing the production steps and increasing the cost efficiency. These tasks can be
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decreasing the production steps and increasing the
cost efficiency. These tasks can be WO 2004/ 109795
weEOAWBPe04/ 017906 difficult, however, given PEEUS1004017906
nunber of |ayers cannot readily be reduced w thout
sacrificing functionality. Al so, as electronic devices
: c : t e
dlfﬁcglﬁﬁ {?(%(g%/%gﬁéltkfﬁtg ﬂ?a?)(rjdrlné) pt elg to? le#%% gg{engf‘ &%ﬂ be pﬁ%#hgé/d Xflthout
sacriffpogfuactiqraditi ce in the industry is to 5 use therwa
grease, or grease-like materials, alone or on a

carrier in such devices to tr nsf t he excess heat
UG, i R A Rooh TPt simalle i et te ot Baber SEromRerey

emittédy/Refe Mrm SN Blcrda¥dselhR6Ecd 'Pl?t Rrﬂo%hﬁr ?fa%tlé@ﬁf #hRlindustry is to
greases, phase change materia astoner tapes:.

use tlemmahgreagfr, etasgsawrlllmwm@mlsamgmerm em isat Tt e shadwdevices to

si st.anc ast beca se of th
trans g e e RpE e R B R h T s T GRS es of
therma iritédce rﬁQteﬁQl@ta@@&hé@ﬁihy\%%&s@djpﬁ%néhaﬁgé fn?a@&?als Ta\hﬂ' Q&tomer
t hermal inpedance val ues range between 0.1 -

tapesc ih¢rwal goeasee pr phasseehangs m&tmwavgflowmﬂmnalgre@a@@ce than

elastogneéhggaeltbgé% ok TR ‘gl%eto 111t8r nCsfnre@y 31%1 \ezérggrflat gier% gnq pr or\rfllc%eg)l&nmate

contat:tfbelﬁ&fﬁ adﬁérceﬁﬁc duefacd0 Wepicalciieinal gmpbiiicel $80es fAnM-Sdtween 0.1 -
chijps. It has also been found that the performance of

1.6°C qﬂ@eé\éf Hewtegen aserionstdsawackod shapmehsreasegs thas theanplppsformance
deten]:)f]a%y mﬁh’ ﬁ&%ﬁzr%h@l%éﬁﬁé{ ct(yﬁie ?uc@xt ARG dr? 659 {9 150° @eé Vz{?\jﬁf‘%ower

I'Ng s aces’in ronlc deV|ces
cychﬂgwgm gsgdsinb€LSE elipsrelt hag alss et demdathet thlequeﬁbhnﬁmfe of these
reasons, such§$s nanufacturln tol erances, etc.

mate%% ﬁet@ﬁ%ra tog eden; largsdeviations ififopn syr ftq’?elg%n% Efysss gaps to form
betwéi%%wmhﬁlgﬁﬁ)%’ﬁnfatc&emgﬁé EREARAE geﬂtzest B?Wﬁl?l? %@%&p@ beg)@ééh(}ﬁatlng

ey are used is adversely a Organi ¢
surfaqeastre preaerd fop odtiee seaaoms, alignab mangfaumelaigttolefaaced |etcatW}hen the

eat. rempval fromthe 0 xanmpl_e
heat FRRErHSREY G HSHF RHGTEh O RIS s PEMGRGE o fbaylscgronic
devict REwhich {18y 26 Bsddas WPRRselafsEdd. con and a heat

spreader, "such as a nicKel plated copper spreader.

These pastes and epoxies are nornally filled with
médrganie pagieshand apREieRard 3lse beiag vsed/le fagilitate eas semeval from the

compéﬁQ{t IO\e@le eg%}n tlJ 8Pﬁlflse{ls IAs‘Sa f)mego ﬂl%n&%?lﬂ(r:g) %{ Epo? %Boxy to the

interficrbetweebnhthe sﬂllﬁﬁﬂi a&SeﬁeitCSpfdaderp Suchit athhmblael @Mtdacﬁcd@hﬁbpreader
25 thermal interface is necessary.

These: Bar{esrtdosnoxies ¢ inganslbn filled ﬁ‘éthsmetaé Oﬁélﬂ%ﬂf therapakly) conductive

particles to improve heat transfer. As components are becoming smaller and more
complex, the amount of heat to be removed has increased to the point where solid metal
thermal interface is necessary. In most conventional applications, the solid metal thermal

interface is a solder material of melting point 140 — 200°C.

As more solder materials are being utilized in components to dissipate heat, it has
been discovered that it is difficult to solder to nickel without the use of a material, such as
a flux, because of the production of detrimental nickel oxides at the solder-nickel
interface. One recent approach to completing the solder joint without the use of a flux is

to electrodeposit a gold spot on the precise location where the solder joint is to be formed.
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interface is a solder material of nelting point 140 -
200C. As nore solder materials are being utilized in
waeompotept s to dissipate heat, it has been di BCDUS2084017906
that it is difficult to solder to nickel wthout the
use of a material, such as a flux, because of the
. t:i |
mhis SHAGARSA Q8 ThegSh UTPOLAL o SEKE) BTN . Ganuary 7,
2003)c owihiiletthisgppivacis slodier wilbifmictionaliyg uhe vilee of gokhif ccmtef1h¢d<w1th1n

e i SRS ST BB PFERSSe oo
comp)dke 2P ng% §5’f§ﬂp‘e’§&ogﬁﬁ(ﬂ%%@e 1AL SrePRAELREN, | lp?ocess steps

described in Pat ent i ssued to Deppi sch et
neceswry —(dmm‘a(vryof?the golioayl. apph¢dtiontofitls saybder oztdriaho Thesewadtiitional
functi onalo?ﬁ;l ﬁ ngu of gold contained within the
ity b i

meegﬁgﬁmz%eE&& %Phe cost efficiency of the
conmponents. Furthernore, in order to conplete a joint

hahugdharedolattosfiflin® me8®kd d)niesichame ,préchi%é ghéhfal Mterconnects
| east two process steps 5 necessary deposition of

and theymal énterfageamatsprisc dyewsd wateripls, sonpeentaenst peaductyHbgfemeet
custorﬁ?ld%éec%%onsp\&ﬁ?eeﬁﬁmﬁﬁzq@% }%rse}zepgf th® I?i'ﬁ%l(:% gﬁ& ¥fn8€ruct>f lraiyers b)

erei1s nui hg nee
produad ehqre eificientt dnerradter déﬁlgre@lommﬁhls pddctt mﬁﬂ/ﬂimcomponents with
interface materials, layered materials, conponents and

respeqs rt%aleﬁc%nmﬁ@elﬂwé%quuem sofelhe SpbeTal ORMoDRY 3 agtfimighed product;
S,
c) de\ré'lc{ye{%léblg%ét @dpsrdof o@Jc sﬁrﬁiﬁ%&gﬁ? ﬂ%%g&g%{:tt ﬁgtenals thermal
interfabes i matedalsataad i édt}&;recbrmdmab amd/ m‘onqmr[aﬁm/prttdﬁcw tdomprising
ct to the c t|b|| uitements of t
contefhfalid Gt B RGAdRyarp %prdﬁa desiop mg eﬂagﬁéﬁwssess a
high th&hlaRBbRIBYIRPARI LhigR 'h%éﬁ&h@ag CG%M&Q SREHG ectively reduce the
i nterconnect materials, thermal "Int erface mRterial s
numbeinell pragestion smmselep@slsa"ya“ndamdm eiﬁiemt}l)y,oﬂlmch $n turn results in a

nprd sin conte ated t I, Nt ce and | a ered

tower SRR RnisS VL SR B el FRenet oS e B4 o
thermal conductivity and a high nmechani cal conpli ance;
and e) effectively reduce the nunber of production
steps necessary for a package assenbly, which in turn
results in a |ower cost of ownership over other
conventional |ayered materials and processes. -3 WO
2004/ 109795 PCT/ US2004/ 017906
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SUMVARY OF THE SUBJECT MATTER A thermal transfer

material is described herein that includes: a heat
w@progaases conponent, wherein the heat spreadePCT/US2004/017906

conmponent conprises a top surface, a bottom surface

and at |east. one heat spreader material, and at | east

P gg UgygéqﬁleTEﬁhere|n 5 the solder material is
"‘J%$$%CT#V‘§€pUSTTEU—UﬂTo t he botton1surface of the heat
S § t{;a 9 Qﬁ‘zﬂén ll\@t QA%hed h % fnnhﬂ? ceﬁ{(?esf & heat spreader

t her ma ace erla s and er mal TFans

comptméner wabmn ied Gieke: spatéadaf euingbight cohises Ar ®Pd@fiface, a bottom
nponent, wherein the heat, spreader conponent

Surfa@o%ﬂsirqt deast gng Bﬁa‘rsﬁm@aéeremaf&n%ﬁ%m It oRecsokiea maateriadawherein
t
the s@lﬁgr @Oﬁgaf ﬁ’srngﬁgfcfyaglgpd\%ﬂer eilﬂfbl ﬂﬁggostg)ﬁjg\éhﬁn%?gfh ﬁ@ﬁ spreader
compdinenect |y deposited onto the bottom surface of the
heat spreader conponent; and c) depositing the at
| edgthoddnef SoheiaE 1Réed | tAbmetiaterAte RRitbRa Stndf B transfer
t he heat spreader conponent. -4 WO 2004/ 109795
materpadsyinglpign 4)0RTPYBENE PEEA] BEEACE SCRIPPTEtNWAEER theohest spreader
rf n h rn1t
compplihf chitHfiad b Yurfike O TBAAR AL UG e’ fed Mfreader

matertdl] ) ﬁrhﬁﬁﬁ@l atrless Shaﬁdﬂdexamdtem)ﬁ mﬁ:lmtﬂmlde@ miaAehal is directly
resi stance. Bul k thernmal resistance can be ex?ressed

deposifed gnio fhgpotipm é‘f‘rf%%é’f wegt lasaf spreadep compenert 3Rd 91 depositing the at

least &d s?)l‘cf%? ﬁl%terfab 6ht8%he G ﬁ%fa\éh EYt}é%%fuasg)‘? Afl%‘}l'ént.
resistance 1s a neasure o ow We Rt er | or
conmponent is able to nmake contact with a mating
surface, layer or substrate. The thermal resistance
of an interface material or conponent can be shown as
follows: 10 O interface = t/kA + 20contact Equation 1
where 0 is the thermal resistance, t is the materi al
thi ckness, k is the thermal conductivity of the
material A is the area of the interface
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15 The term "t/ kA" represents the thermal resistance
of the bulk material and "20contact"” represents the
WO b@nred79Tont act resi stance at the two surfaceBCT/BS2004/017906
suitable interface material or conponent should have
a low bul k resistance and a | ow contact resistance,

DETAfL'E%D]%ICEI%mONHtI ng surface. 20 Many el ectronic and
appl i cations reqU| re that the [ nt erface
te co
TR i B TRRRE b ARG BRY £ b e

(“wetsraghp aQEfaed), BOKPANLNGW HiﬂCﬂt@ﬁanesﬁmEé Iaﬁd%ﬁisse@i a low contact
t hermal expansion (CTE) _misnmatches. A nmaterial with a

resistapegy Pk therppl fesistanen cars be WéPWﬁﬂedgﬁsé'aﬁélCtl% of dhergnajggial’s or
compqr{emi %ﬁﬁ‘c Ese }(e%?l | c&lnes dndGired NConthet rgﬁét%)ﬁl?ct A ?elng%g(sure of

ace I NCreases Dby as

how wadl Hm@tkzial mC&tﬁﬁporfehﬁstathmakﬁ:&foflmbfm?ﬁhel matngsudfhce, layer or
dranatlcaIIY Al so, for such appl.ications,

substrafes flbe dhereal resistanee 96 endriprfeteemgal Ry OB9BREMeR be shown as

followsduses the gap to expand and contract with each
tenperature or power cycle. This variation of the
interface thickness can cause punping of fluid
interface materials (such as grease) away fromthe
interface. -5 WD 2004/109795 PCT/ US2004/ 017906
Interfaces with & intgriges =#kda aPennor e pr Eqaation 1
devi ations fromsurface planarity as manufactured. To

optim ze t hghsrl e REhE BommAIGesisthh®, | nterface materi al
shoul d be able to conformto non-planar surfaces and

t hereby | ower co C Optimal interface
material s and i n?’é‘%@%ﬂﬁg Ptﬁi%o?%?ﬁsal s and/ or conponents
possess a high thermal 5 conductivity and a high

mechani cal conpl kante thasmgl conidiétiwtyelf theeatstinlcal | y
when force is applied. H gh thermal conductivity

reduces the firsh ikeidared oGl Bitér@el Whil e hi gh
mechani cal conpliance reduces the second term As

mentioned earlier, several goals of |ayered interface
mat eri al s and individual conponents described herein

are to: a) design and produce thermal interconnects

albbe tan tAYatepreserds f the cthemmadr iesisenced @fethedbulk material and

“2®comact elreﬁr%se%‘ts %ﬁ) QS 2odth & 1%2@ uget el ttlrfeattwge surfaces. A suitable
interface material or component should have a low bulk resistance and a low contact
resistance, i.e. at the mating surface.

Many electronic and semiconductor applicétions require that the interface material
or component accommodate deviations from surface flatness resulting 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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custoner specifications while mnimzing the size of
t he devi ce and nunber of |ayers; b) produce nore
wetduaieps and better designed materials, prodRCt/FS2004/017906
and/ or conponents with respect to the conpatibility
requi rements of the material, conponent or finished
QBRHELes il o BRNCEP L8 el ERbRonERS HOHRidH IR Sl blanarity ac
manufaeteed. ate optinéze therna parbayarcedhehiterfacel matarial should be able to
conmponent s/ products conprj sin contenpl ated ther mal.
confopti tamogdRlangs Jurtases g S #93’?%;00&5&05&?@?%6- Rifona] igterface
terid1@! arROSARRSnAect Niriferfale T diBlor CERHG Y (Phs@RE 2 RighN thermal
mMmachani cal conpcl [ ance;a and é))r effg%%iveltp)\ésreduce tg’ﬁe etma
condurtintig andfa lpglo chechameal stoepdianes ess anlf yidd elaspedkagken force is

.ass Y, Which in turn results in | omer cost of . . .
appliymdigh e ORI GROGE (BRI G, 66 Bufio 4 while high
mech@NEaIR6RHAERRTedrEs Heactsat g interface material s and

the individual conponents of the |ayered interface

terials described herein CO I sh_t hese als. . ...
e SR G i otRICE EOP T TG L Gied dReigip i edividual
compHfSh{ UBRELBE NSl Wid to:SDadesidCarll PEANES (HRSMWE BierlcBhects and

mating surfaces of the'thermal interface material and
thermahenteeface sptedaler layeradometarials, heomeptopents| anslviprgdusts that meet
conti nyous hi gh.conduct.i vi.ty .path,from one.surface.{o
eustof R SnspiB e P C RS e SRk o Tef 850 BHhRF St fflers b)
producB Ghtei gfficibitendBbetict ABSIERIA ABleERIsAbOINES HneR| dhf@dnents with

herein conprise a heat spreader conponent and a sol der

respegieipdh¢ gpmpatibality aequirgmaniiiel the ptgribetompongh ¢sirished pypduct;
] . .
o) dogil, R8I Bl 0] SR AR B BB Bt toma

eria
interfakep omitetialsoning tllger&dt tawertly fade @mgdaentePadducts comprising
reader canponent. Tpese corrponeg&s aegd materials are
a Sev

S
conte@%%?é?daihleyn%r%fa{fe@darby HEHEh SrpdeTings; PR FafALES thRkpossess a
. i1 - [ . ! l Lo
igh YRR Pl G AL pn S BoRRe) s SIS O R
numbeipf pydastsenddéps itdoaetsagr for propskape, assamidpwhichiiomain results in a
rocesses. ..-6 WD.2004/ 109795, PCT/.US2004/ 017906 The
R SR e et R R

surface of the heat spreader conponent elimnates the
nédd lagered fiectface nyateedd and tthe omdididsalt bahporentst of thebayered

) he to ur f.ace, of. the he r eader onent before

interfagtpot@hls SHcpPed haelaaemb i B R ol ROTEroPElY Bgpuced, the

heat 55%&&1%} %bn@@ﬂeﬂ@ﬁie"s@ﬁﬂeﬁr B&einOwlilh §1§ani theP@Stah 8P bENREN the mating
adherence to the substrate surface

surfaces of the thermal interface material and the heat spreader component, thereby

allowing a continuous high conductivity path from one surface to the other surface.

Components and materials, including thermal transfer materials, contemplated
herein comprise a heat spreader component and a solder material. The heat spreader
component comprises a top surface, a bottom surface and at least one heat spreader
material. The solder material is directly deposited onto the bottom surface of the heat
spreader component. These components and materials are generally produced by methods
that eliminate the use and cost of materials, such as gold, and eliminate the extra process

step of dispensing the solder during assembly that are present in conventional processes.
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5 either by inproved wetting properties or by
formation of |ow tenperature silicides and/or bonds
whedmaaa19t he sol der and the substrate. |n conteopUstedo17906
enbodi nents, the solder material is directly deposited
onto the bottom side of the heat spreader conponent.
0 h | der. [
The qofiT Py R4 SRR ORI Bttohy SurfRR  BETIOITHE Lfader
comp@érnt e]ﬁmirﬁtssdh@ n‘e@ﬂtonﬁif&cavelyhballﬁ'lthdxﬁim th&ttmaj' &rmi en the top

surfacg Hfglaezgéa? %S%gﬁ{c g%ggrytshggq{ @ﬁﬁgfglfl B O :t't%ot htelgtadgition the
solder! ﬁlbtﬁh%f caﬁorledﬁfl?ﬂga sd QH%SR hedindRevériteRade W e QbBelte surface

I ng adequat e sol der thickness,
eitheribydipeived vdatnm progtitizs by forofatian pif éfvo temparatus dikcides and/or

creeni | de ste. Another method of |aying
bonds eq“a{g‘%?@d%ﬁna%?er%‘ﬁ’ﬁt?%el ayers is the pulse periodic
15 reverse nmethod or PPR The pul se periodic reverse
méd bodeqpsedocrebatimpnisethersdldeh enateridlse dpleatly dgposiitthodto the

s B Fot BSEE1S BB B b,
soldelr Iﬁé{t‘éﬁﬁem H&;thecpﬁy é@ct‘i‘@de@ﬁs@o@ nﬁlsotﬁélt d@)ﬁ%‘rﬁbli’c@a E&%ﬁnﬁﬁts the

anodi ¢ fol by ms of f tine.
solderTlhleilesalalls esﬂk @m@maid q@ma@e@re@ﬂy ovathe Fheatsﬁpreaslyr In yet other

conte@g%#dpggggdm}g}gﬁ It8|r gig gglﬂgNl% Lﬁlg?(grso t{%@ t a mlmm 8‘ %vft}? Dther

methRIBOR bHUGELE 88dqviBteGY e thi@@Edst {ndthdin ditdct Btﬁchfrﬁﬁﬂ@ﬁa S8form or
in por03|t(¥e Second, cycles can be tailored to

silk sqyeenigief asodder paste.or m fil ns by sel ectively stripping
the thick filmareas during the "deplating” or anodic

PArHRR mdthdd18f Easehe doWilIafers ok allirstBinalaglerd Uk SBe pulse periodic
periodi c reverse systens  can be purchased from an

reverssuingthpd & SO cdbe piilrerpeaiodiy eyaRsamyethod é‘“ﬁy%& PSR ybfeyond the
pulse %Mﬁ Q%ﬁﬁcgcf Qﬂh&uﬁ%g;‘revc% ?’u bt be Eeélhﬁhc?\éﬁgltﬁ t thd c%ﬁﬁgde) surface.

ese ‘de OSl are eSCT|
A typldal Yoy fripaisalpeRadie mévemphighabe 00 msSer5i ahpdNethodic followed by

NG R RO, N S N B
PPR. aFf;r%[ Bg r?ﬁé‘l?gl ge bf Bk %E%m‘%ﬁt dch&lnY ofms@uﬁr%y&fcﬁ GBI, PPR

own b nmet hod capabl e of produci ng a
forcesuné:xf/ munieaﬁay giteswiolr haaeh wuevessivg oycle ogsslingpnefusthabeductions in

sl o Aot OB SEPEUAL 00 11 Sy d0t 30 iy

stnppﬁ%"‘ﬂﬂe Itlﬁbfl@ Eﬁn ‘&fea‘é |dhﬁ %ﬂ{@ "AeplaN RS Sorodnolifdl forfidP6f the cycle. Pulse
however, one of est apparatus and net hods of

platmgdmldepnlwgpmdducgrﬁvqmalaystymlsay@rbeo]purchased from any suitable source,
such as a company like Dynatronix (www.dynatronix.com), or built (in whole or in part)
on site. These deposition methods are described in US Provisional Patent Application
Serial No.: 60/448,722 filed on February 19, 2003, which is commonly owned by

Honeywell International Inc. and is incorporated herein in its entirety.

These layers can also be laid down by any method capable of producing a uniform
layer with a minimum of pores, preferably with a relatively high deposition rate. Many
suitable methods and apparatus are available to lay down layers or ultra thin layers of this

type, however, one of the best apparatus and methods of achieving a high quality layer of



-7 WD 2004/ 109795 PCT/ US2004/017906 nmaterial is
el ectrodeposition and/or related techni ques, such as
w@iogaab7pd at i ng or direct current plating, WhBCEUS2084/017906
descri bed herein. Pulsed plating (which is
intermttent plating as opposed to direct current ,
materia] & L@ ocﬁ?@sﬂi@ry ?ﬁ%‘ 1% tSchhRks, abh fak gﬁls‘éﬁ plating or direct
virtually Tree of pores and/or voids and is normally
currenp pitiagy whert are percebéd berenl. eRulsadgipiveg (vddch dsymigmittent plating
Thermal. interface materials,and thermal |nterconnpect
a5 opmpgEs I e Sitee SV ci FeyielEr es et oS REGRIAY free of
pores &SRB Vo1& dRti&hodRlyPrefBbdkoriRseHed@EaFdd@bSsited layers.

manuf actured by Honeywell International Inc., such as
ni ckel , .copper, al um nu ‘sili.con, carbon an
S cohpmKAdnGHeck AR A Rl AMGrenigl Ry and layers, as

describe®Steld, SlaP TohPhike SPESRERI/St nletf-basdhRkdrRlS mahliRktured by
work to di ssipate heat. Thermal interconnect materials

Honeywel! Tatyeatonmhyina) suclk aspricks, toppest alusiinwmy silican,| egrhon and

and syjtable conposi.ie erials.that .neet at. | east .
comb fforiithorieh S oty HBeh g Gosiies iR SopBleiTRE ppgeriat
that wiofk & didipat@hedt! tharmbdliiftetddBdct elatdtRild £idlayers G8IY also comprise

conduct thermal energy better than conventi onal

10 metals, hwetahlallaytherd \saiable 1@mposie matedalatthafempetypyfeast one of the
fllowdeggssiiti on slcate; - Can be deposited on a surface or
ollowipg desigrteqals: i t hout havi ng pores devel op in the

deposited layer; and - Can control mgration of the
underlying layer of material. 20 These ther nal
interface materials, thermal interconnect naterials,

> CORRBBeNE oA th a HiRGHGIS thiamdyer 5t pgteiiiese material s
may advant ageously be pre-attached/ pre-assenbl ed

| i / ' . .
R S R R e

interface materials and thermal transfer materials
15 >c tlmp aireladvelnbigh depositionyrate; heat spreader conponent,
wherein the heat 25 spreader conponent conprises a

>1 @Rn Yerdep6fted dnhOHIrBIFE D loHRE Sayah Svittbul RAsHg pores deddlop in the
spreader material; b) providing at |east one sol der

mdeposited layoendi n the solder material is directly
deposited onto the bottom surface of the heat spreader

>C QIR RBAIRS:migRfio bf the underlying layer of material.

20 These thermal interface materials, thermal interconnect materials, components and
products comprising these materials may advantageously be pre-attached/pre-assembled

thermal solutions and/or IC (interconnect) packages.

A method of forming contemplated layered thermal interface materials and thermal

transfer materials comprises: a) providing a heat spreader component, wherein the heat

25  spreader component comprises a top surface, a bottom surface and at least one heat
spreader material; b) providing at least one solder material, wherein the solder material is
directly deposited onto the bottom surface of the heat spreader component; and c)

depositing the at least one solder material onto the bottom surface of the heat spreader
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depositing the at | east one solder material onto the
bott om surface of the heat spreader -8 WO 2004/ 109795
wEOAWBZe04/ 017906 conponent. At | east one adedT/Us1084/017906
| ayer, including a substrate |ayer, a surface, an
adhesive, a conpliant fibrous conponent or any other
f ab y e C e
compgithl S A1 8t RaRhATal: ihMhERe A AR IAE & afface, an
adhesiandd cnmpltaat ﬁbmuﬂmbmpbnmn sf emy othtesiitable lsyewr eh¢rinah mﬁd¢rface

e L R0 R SRS, o e o ORIt

transfeBh Akl I oys and sui tabl e conposite materials that
neet at | east one of the foll ow ng design goals: a)
own i.n a thin or

o 36 rgemnion GG dRationnich atdiae b iBerglp s dopdiciiafterconnet

systenqsomcﬁm_yel@r}ﬁ& EREpAR! meRdNesdtMedloys hnd 38itb1E %bﬁbbé&r‘%‘ Materials
hi gh dep05|t| on rate, d) can be deposited on a surface

that m@at afldnst onbODﬂ thy &rlloniing desigthensln g apeandss ldal&vopin sthither ultra

. 03|t I er an can.contro on of
thin 1E0G R S SR weRln SR hefe AL BByeiontt Formal
adhesﬁ@é @) hay asrem@eiyqﬁglﬁ Gepditon@4te, §Wah BBUEpdsRkd U A saFfce or other
'e"to be lai'd down in a thin or ultra thin layer or

layer W&h@lé hayingpergsatevelon inrdhie dapogiteddeiesdangye)dan corfeol maigragion of
the ungﬂrz‘ggg éaytglpg q;e}lglr n may be produced by a device

y| ng down a desired 15 pattern.

Contenpl ated patterns include any arrangenent of
pdhenmal dptergonrsct widarinds and loyerstted ape s fragise @re aplmto be
i nes l I | D SRISE
laid d!)\glﬁ {1 %}rlh 0 gﬂra tﬂ%r% (r%rsérl pﬂa@?m 4 gfl‘getﬂ;atgl %Q\g%g produced by the use

of a nhdsR&E thd PatRIS atlyl tnprodiicddibies dehtd’lé@abletd'f lwyﬁg mb&imOaE desired
narrowed areas, ribhons, overlapping |ines.
patterigonCansMatagd AT Aydnde ARy amepgemsnhi of Paipis or dgfs, whether

1solatép<f§1{ %bl'nﬁclﬁ gi%’fPﬁIQHes B &L 1lnaé cdsl 4 5 cf b Bk g aﬂﬂf %lated

atrng t ness) nHy range rom ess than
patterns doludet straght Iaedtscmrmdehd&sgmtetrmctlons ef/ dineg)dmes twatht hedened or

size of a sin at o
narrossh et rBbaY SurtiiEPer: LhSemplaEh LSt and shehin yers
of theRhAhdfohf&t ARedriAd(1FR thicBEss BRI/ p] fhi&nBRY may range from
transfer characteristics. Contenplated solders are
less t}sxelabouteh pmodavel to atrleashene paggiaimaion eecty dowge tothealimgual a single

.4PC tQ out. 250C. In sonme contenpl ated enbodi nent s,
atomic layer of Aaterial.

Contemplated solder materials are selected in order to provide the desired melting
point and thermal transfer characteristics. Contemplated solders are selected to melt in the
temperature range of about 40°C to about 250°C. In some contemplated embodiments,
the solder materials comprise a pure metal, such as indium, tin, lead, silver, copper,
antimony, tellurium, bismuth, or an alloy comprising at least one of the previously
mentioned metals. As used herein, the term “metal” means those elements that are in the
d-block and f-block of the Periodic Chart of the Elements, along with those elements that
have metal-like properties, such as silicon and germanium. 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
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25 the solder materials conprise a pure netal, such as
indium tin, lead, silver, copper, antinony,
WO edoka04703  bi smut h, or an all oy conprising atPCEHES1004/017906
one of the previously nentioned netals. As used
herein, the term"netal" nmeans those elenents that are
elemehtﬁ tﬁ%%avg 'emcﬁsﬁi Aol mPlUPGHd BF ol;ﬂ?ﬁlspﬁfrfo%ﬁﬂﬁg%é‘hﬁcl%s of the
the Elements, alongwth those elenents tha have
elementg tiadluding ¢he tampleanides sind she lactasdes. | Poderrethchetpds mphidgnindium,

) As used, herein,. the rase. "d 3 | ock" ans those

silver B PLTEREE. Ky BoENde EADE 74 FIRG CREOBNSEoRg: copper

and sAD& €6ated Diltdlim.SUTh U Nnéthe A6 | BRded d1ld§s, metal/metal
el enent. As used herein, the phrase "f-bl ock" neans

compasktes enctaloceyyn2OOapheIRED BrerC po Gampegisnsas wek@epther metal
tg}at have electrons filling the 4f and 5f orbitals
CompPAStFY-oundi ng t he nucl eus of the el ement, including the
| ant hani des and the actinides. Preferred netals
i hredomatecantetiplated egibodimmentse opigandiuay ig welacingl as the solder material,

since et melfii poi i 360a o SEtF RN TERE SR (e ay readily
electrétlepBsitedGhatH @fecbly@dsSconiiiak /i tual cyanide/@sin €RordBatedindium
ceram c conposites, netal palymer conposites, as well
sulfanzate andier indsim pulfate nidped the sndivipy is platedcesrie digoleat spyeader, one or
Thodi re . L . "
more FEREEDET A 08, bOYU AR SoRiehHigdBl fige omer

— such hesibegnglaghuii ot pallddingth Hinaptone theadiihy layer in order to control
el ectrodeposited fromel ectrol ytes _caontaining _indjum

indiurg pxiiatien WheaiesRRser (@ PEb AtAURd pallediugy precgprd chaiegy &y this

layer hﬂgérﬂfn bRty RERW Rn e%liu‘érgiﬁé‘idé) SR, OWIiRe(? IEﬁicide}s1 that
eat spreader, one or re layers of a material, suc

have adowernohrhatioretealpesataieanay alsowet wsap én dhase eensiodimnémds including

fornmer. - such as silver, platinu r | adi um,- nma
paliadiy aicidse Thecuh orayratys BadfeseSabtoctsn§ Phssh oy, oot of the
bulk iﬁ&fuﬁf"f&laﬁﬂg WRR £PR98M: bR 8 fhesd! RdshNbRaNchuPBd badhidiMo the
are good choices for this Ilayer material, because

plating Raxer.arihel layert adipeteritlgan asd be caepléd tarthessiligincetien the solder
silicides .that 15 have a | ower .formati.on te rat ure
materih ¢ 05 o QT 1 A rAS® BRSPS D 1P P OB at the
silicow@lrkRdl um silicide. The |ayer of material is
understood to be a "flash layer” on top of the bulk

i ndium.pl ating | ayer nd | east _one. of these ' flash
| Ayl e, BSF eorftoled sORL RGP grunbiRG qloy i are
plated{,\ﬁﬁ/lﬁi tﬁé H&f gé'pk‘@lheﬁ anTat sflidye nedetiHledist® inhehest | éddémplated
en the sol der
embodiments may be dilute alloys and/or those alloys that are silicide formers, such as
palladium, platinum, copper, cobalt, chromium, iron, magnesium, manganese, nickel and

in some embodiments, calcium. Contemplated concentrations of these alloys would be

about 100 ppm to about 5% of the alloy.

In other contemplated embodiments, the alloy includes an element, material,
compound or composition that improves the wettability of the alloy to the heat spreader.
Suitable elements that improve wettability are gold, calcium, cobalt, chromium, copper,
iron, manganese, magnesium, molybdenﬁm, nickel, phosphorus, palladium, platinum, tin,

tantalum, titanium, vanadium, tungsten, zinc, and/or zirconium.
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material is reflowed, in order to act as an oxide
barrier and to pronote bonding at the 20 silicon
WwWGE wofaeEw9s As nentioned earlier, other contenpl BEEUS2004/017906

solder materials conprise alloys that are plated onto
the heat spreader. The alloy materials used in these
c @}k@m tﬂéﬁﬁial IREREH TR My er BREpSGied il 1 tu%dalséoe& T MK have a
t hose  oys that are suici de ormers, such

relatiyedy highi hhnmnqélcandmtyca@mpempreddb adonyemimmalﬂh@nnall adbesives and

other SEAIAT TP s AR Y=L i i DS LA R Pefie GAR b soldered

dlrectI}hf%)S@le FhdrR¥B iMBdbshdeelayaPRithodiGfc RBEoE Su@P@ithagde Riaterials as
the alloy. In other contenplated enbodi nents, the

corrosiVe Byx¢snépimes bemmestledrimtemaret exidlesl of theonpletale, ich as nickel,
t hat roves the vvettablllty of the all oy
usedtf)é’n{))cﬁflgeﬁéﬂﬁe a?&%ragy Sui tabl e el enents that inprove
wettability are gold, calcium cobalt, chrom um
cébpb spreazi@r ppmponmglah@é &prepding sopanents (hestieprasder and heat

spreadiyg 6 e B Pt B e DR O meggiggbgeneraly
compFibd 80RtHINMor metal\WaseD 84de 18R], Rudih US04 048 im Béifer, or

the thermal interconnect |ayer is de osited it is
AlSiGynday stitpbie met, metalpaspd hwen@telﬁ@ cattﬁerma}/lymogﬁmmé nAaimetal
[ e C t I .
can SERAPRLN! s Sy SHIRAE O 8 SEUEDELAp BEKIR s ot

can trir@f@Tseme @l ofi thecheabgenletatetiatsl the Ielee@@md icémpaitenip.e
soldered directly to the thermal interconnect |ayer

Iy U ERLID B L AT, B sipenin

on th®©hetdseomiht eldcabaic mqunaﬁt theCke&ldor atid @d 1bxe ps ﬂwh‘@t tspader
thernmal, _spreader. Heat_ spreader conmponents or he
compans Atiitlg te SwbSHEHY spe{fﬁ%tth%}@ﬁlé 261 SRR Sefhe or al of the heat

generdRl RGN ¢he? rsﬁrrUﬁﬁrﬁng' eél@étﬂ)nﬁ&? LBhfpdangea ben@%gla@ hitBfesses
same comon neani ng) general | conprise a
compred thickbessedinlths eangatod mbault, 0. %fumlm tsabout kehm. dlspmmilmpreferred

or 10 ,AlSiC. Any suitabl met al t al - base
thickigees e SPEFRIRE Corpaionte ¢ St el st 3 Mol o) Mg about 5
mm. b€ used herein as a heat spreader, as long as the
met al or netal -based base materi al can transfer sone

Il}% lél ?F{d 1}1 e(refacr:]ee gltategla{]glgcﬁor%nte? OH%]QC rr?elttgrcl:etllrn?e{]y t%en be applied to

a substrate, another surface, or another layered material. Substrates contemplated herein

may comprise any desirable substantially solid material. Particularly desirable substrate
layers would comprise films, glass, ceramic, plastic, metal or coated metal, or composite
material. In preferred embodiments, the substrate comprises a silicon or germanium
arsenide die or wafer surface, a packaging surface such as found in a copper, silver, nickel
or gold plated leadframe, a copper surface such as found in a circuit board or package
interconnect trace, a via-wall or stiffener interface (“copper” includes considerations 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
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Heat spreader conponents can be laid down in any

sui tabl e thi ckness, depending on the needs of the
we@b@atiooops c conponent, the vendor and as | ong BST/URE04/017906

heat spreader 15 conponent is able to sufficiently

performthe task of dissipating sone or all of the

r f . r je i . .
substr A8 ¥bmIREE %%Fg%@(?ﬂgg’lglg 11? E{e g%ﬁlg%g%@éarﬁi SRduitHYafd industries such

conponent . conpri se
as sili¢dn, céppes pass, andtdnethenpglgmef. about 0.25 nmto about 6
mm Especially preferred thicknesses of heat spreader
CANRRBEN Sy@S S MhadHal d ANPRAD tBOPHbrel i hG: RRRMGIS i
5 qﬁmgrl\ 20 %ﬁe fayer gdnlia?teoerfage mat er ?igq%r and/ or S
order it textinma tedidingas dayieadd cmypdnean Heis ayoptangdated thag the additional

substrate, another. surface r _gnat her | ayered .
lyers i P o6 QIS LIS b FBipTLrP Gt QHRSr P DRy, ey Btals
metal 3MByd PRSIt ni @ Holydhdry, $0hdrHerdBb@ahR! compounds, inorganic

Parglcularly desirabl'e 'substrate layers would .
compaundpy iosganpiietrdlic gtaaspoundsr sesins, gihasivesc, andetopticadr wave-guide

tors ated netal, or conposite material. In preferred

maleti@¥hodi nents, the substrate conprises a silicon or

germani um 25 arsenide die or wafer surface, a

paclengi ofgaminatiag enaterid oasladdingdnitarial esodisesouplsid|to dhe layered
interfazcla %?%‘gals? %?P%g‘llﬂ%ﬁ %lg%é?e gpc?{cjﬁ%g{g%r%prgqlg]%dgoggtﬁgrégr%%xrnge% '©Laminates
are gehBhBY ONRSEd HP@GRInfercyd Asiadible@fic SldtdriAd) eClalfihg ifAa s are

("c Fper" i ncl udes considerations of bare copper and

a subget og agynaiessthat arequpdueed ves dactpls erd giheg meaterbastch as copper,
iy f . d Lmd f :
we nGBEEREP S0 Al e PR TSRSl btasing

Intercudcaic® Haglilbsk, 8e0dnd Bdfinhy MeGsaw il (Newppbkhilepde. The
"substrate" may even be defined as anot her pol yner

ISP LI
or subseuetiSROE/ GbTB0H staskeaisfiliat e corght by dbichacir@t Ehdmbs, “Spin-On
StackgLENms 3 1 Reboie Samarseldh el Ttabnelaaoh he: S0ohyrgrporeted
hereir{ @did éngl?n?lk tbé?%%&émef Sgrﬂxit-&{ hRkrs"RY R&etAY BEEAsd BordtBiRplated to

ayere ace nmat als”in order to continue
be thdwgi indieriglsafong eén RICE oAppdicatign Not: i RCTAMO2MIOAT eaddt Hat Patent

the agdditional | Wil l i terial

Avoibiln Setd 090 P10 Rah RSk s PRI CHERTR IR Buthgperwen

TnterndBSR fnc. BRE Ak 1@doPtdted 69 PFRRLEEHFBh R HRtiSontiRAY Y TeT S,
nmononers, organic corrpounds, I norgani c

Applications of the contemplated thermal solutions, integrated circuit packages,
thermal interface components, layered interface materials and heat spreader components
described herein comprise incorporating the materials and/or components into another
layered material, an electronic component or a finished electronic product. Electronic
components, as contemplated herein, are generally thought to comprise any layered
component that can be utilized in an electronic-based product. Contemplated electronic
components comprise circuit boards, chip packaging, separator sheets, dielectric
components of circuit boards, printed-wiring boards, and other components of circuit

boards, such as capacitors, inductors, and resistors.

-12-
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conmpounds, organonetal lic conpounds, resins, adhesives
and optical wave-guide materials. A |ayer of

wo a0ned7vhg material or cladding naterial can BPET/US2004/017906
coupled to the layered 10 interface materials
dependi ng on the specifications required by the

C 1 l e b i
fggge&ﬁe,tbagg?@ AltSSan B CAGENAN 3 kie &ﬂgéﬂﬁg&%% are a?a% to be

r-rein resin dielectric materia
used inebdusiral g tyr ethencashwets. ofxdnaptenef Esishérhtommnmep poducisdire a
tel .when netals aqﬂ @}her mat eri als, such as copper %Fe
elevigion, GrogmPRIL? P RN fe? PARFTARAD YR Eheplicer, @pgFipllg rydlio, a car
stereoEbBE taf RBote RBSHAT AlcAbshtehPlaRl CA8 NMBakinelidien gRRIRKs such as
. .Second Edition, MGawH ||l (New York), 1997.) 15
circuitShoards rehimpeckaging andt kaybedrds eaf e potdnsialvldedized in Hemished
d |, ayered interface materials or subsequent |ayers.
pro ugf)‘in-on stacked filnms are taught by Mchael E. Thomas,
"Spin-On Stacked Filnms for Low keff Dielectrics”
SBlectorge giredupst may| algpy cé@plise 2POatptype movmpovends etlany stage of

herein in its .entir reference.. Spin-on layers
develofict Bplr voab S ERaniF Y Ml GETRAER 5 Bartpinsgl iy or may
not cof@i€ bl ¥f $hd 8et08l domgdadntdRitbhddtihanfilNghed RETH4ISAL & 1Patétype
and US Patent 20 Application Serial No.: 10/ 466652,
may hai¢ epma rcenpenents dhatoe gorsimeidd iyt 196 reymepite material in order to
|t [ n ' 2 erence
negarq B ERAARN AR ob Yo B0 Sh i AR BENERES e
contenpl ated thermal solutions, integrated circuit
packages, thernmal interface conponents, |ayered
interface materials and heat spreader conponents
descri bed herein conprise incorporating the materials
and/ or conponents into another 25 |ayered material, an
el ectroni c conponent or a finished el ectronic product.
El ectronic conponents, as contenpl ated herein, are
general ly thought to conprise any | ayered conponent
that can be utilized in an el ectronic-based product.
Contenpl ated el ectronic conponents conprise circuit
boards, chip packagi ng, separator sheets, dielectric
conmponents of circuit boards, printed-wring boards,
and ot her components of circuit 30 boards, such as
capacitors, inductors, and resistors. -12 WO
2004/ 109795 PCT/ US2004/ 017906 El ectroni c- based
products can be "finished" in the sense that they are
ready to be

-13-
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used in industry or by other consuners. Exanples of
finished consuner products are a television, a
wa@oeowpabep; a cell phone, a pager, a pal mtype PCT/US2004/017906

organi zer, a portable radio, a car stereo, and a

renote control. Also contenplated are "internedi ate"
Examvpipducts such as 5 circuit boards, chip packagi ng, and
——méey'goards that are potentially utilized in finished

products. Electronic products may al so conprise a

piméxatmpies wherp dinesulder anatenm} is¢lagropdited detpel supfaestcofivambional

concept yal | to final scale-up/nock-up. .
and %W%&?@% ﬂ’gﬁg@? ‘?]rﬁ‘i}r_‘)p%flg cHMRIPH" al™ of® (i -achggpally, this
equip@CARANEE § chRbBAAShsk fo Rofatdthe BRA tBHRPUGEd; RRRVE, photoresists

prototype 10 rmay have sonme conponents that are

and othermmesking tedhaniogied wodkrgguslly welmt erial in order to
negate their initial effects on other conponents while
being initially tested. -13 WD 2004/ 109795
PCT/ US2004/ 017906 EXAMPLES I n exanpl es where the
sq| der terial is electroplated onto a surface,
c tEdnal and comercially avail abl e
el ectropl ating equj pnrent may be used, Normally, this .
eduilpererample; # pyas-plaied RePPEtcahsIRAGSS 1 shipided uping a silicone
t e : I ' ~oth
robbef e, TrdCerph TpAined WRAE e BARE BY SRFRO 0Bl . ider or
soldett dunspoaxatngf] ad, approyirakedndpredetetningpthickinesst dependmgem the needs
shi el ded uysing.,a sjljcone rubper sk. _The. area
of theoeimRana RITRE ATOWED FHSRTFL R St Rap S0 ELH GickAess can be
enoug‘ﬁ%gﬁle-v%t_thé%ﬁfgé_ed@m GRAMANEHIAG prBvideR HyORhbRhRIRAS) or the
predet erm ned thi ckness, depending on thé needs of the

entireoldeo fibmtthicknass strebe pledidedsposieds tlhwaleciaiogy @y the émigloress of the

The filmthi ckness .can.pe - en h t -wet .t he. .
i Bk B R SRR O s PR R P b i) na
econo®BESWIARS nefal UBSLsitemt i re sol der filmthickness can be

el ectrodeposited. The deci sion on the thickness of the

filmcan al so be based on the quality of the conpleted
part (and the resulting yield) and the 15 economnics
ofE)gA@ﬁ,L%t:al deposi ti on. EXAMPLE 2:

In one example, the heat spreader is masked and a film of electrodeposited solder
is built to a thickness of about 25 to about 150 micrometers in one continuous step.
Equipment to achieve this continuous application is commercially available from
suppliers, such as ALF and EEJA in Japan and SFT in the United States. A layer of
plating material (such as a noble metal or a silicide former) may be added to the top of this

layered material. In some examples, the plating material comprises palladium.

EXAMPLE 3:

In another example, the electrodeposited film is limited to a film thickness of about
25 micrometers or less. In this example, a second step to build the total solder thickness to
about 25 to about 150 micrometers would be required. The second step may comprise silk

screening, direct attachment of a preform or jetting of solder powders or liquid.

-14-
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In one exanple, the heat spreader is nasked and a film
of el ectrodeposited solder is built to a thickness of
W@bauiloP%s t o about 150 microneters in one contPCTIONR04/017906
step. 20 Equi pnent to achieve this continuous
application is commercially available from suppliers,
such as ALF and EEJA in Japan and SFT in the United
States. A layer of plating material (such as a noble
nmetal or a silicide fornmer) may be added to the top of
this layered material. In sone exanples, the plating
terial conprises palladium 25 EXAMPLE 3: In another
Q%éﬁwpé}aﬁ:he el ectrodeposited filmis limted to a
filmthickness of about 25 microneters or less. In
t Kins cgampiel of 2 cenicapdaterd Bethedcompiisesd t he total sol der
thi ckness to about 25 to about 150 m croneters would
béd. rEquiinge copfise heatsprsddest ep may conprise silk
screening, direct attachnment of a preformor jetting
of. sBlectesplpinpte leasopart ofithie doppet fat\@iBGdiel 0P $fmilar solderable
PCT/ US2Q04/ 017906 EXAMPLE 4: One exanple of a
cont®BAST&k ed net hod conprises: 5 1. Forming a copper
heat_spreader; 2. Electroplating at |east part of the
c 8pplectprdeposiiing anfilok of seﬁiea magteiialaer afoleawreiisl eomponent of a
mat ek al.; It a filmof solder
mat e{o?cge#s%%e%ﬁ ﬁ?gﬁjﬁ&ﬂgﬁ%%c%uh%%ﬁ,end of a solder system
thergeby farmng.a gutectic.. and 10 4. Optionall. .
ol 1 @ et i e, ke ThicBSs oA s by sk
t hi cdeR@amgbiirédt bitachiheen d;ﬁ@forﬂi dr96tkind bF FAMFRIWdeEs R liquid.
preformor jetting of solder powdérs or liquid. 1In
the case where the materials are plated with a thin
filmof solder and the bulk of the solder is provided
[ N1 i -he |
B EEAR LTl NS ity LRRAE BRI Shunc o
the sopies iseprotdad/RL faste fotm, thetyiddowliEbe axmppddEhecamiealfpréveiting of

the mgi(%ll Sl%tteetgy FeSolder ggstet. e plated filmand the

EXAMPLE 5:

In yet another example, metals are selected such that the plated film and the
dispensed film form the solder. For example, a film of tin is electroplated and used with a

lead paste to form a tin-lead solder of an appropriate and suitable ratio.

Thus, specific embodiments and applications of thermal solutions, IC packaging,
thermal interconnect and interface materials have been disclosed. It 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
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wo ooori189793 n- | ead sol der of an appropriate and BUI/USiH0€017906
rati o. Thus, specific enbodi nents and applications of
thermal solutions, IC packaging, thermal i nterconnect

non-e&0sil L EI’EIEIII?IC %cﬁ@attlﬁgltﬂtsc??laet\f FOINE giéjl}ll%g% oc%ﬁl%{)ﬂ@t%fqr syelp(sj may

e apparen 0S€
be preshiat] onutilyzedporecomidhdd with bthes elegthBesorhhasttsabr fgdha%re not
descri bed are possible w thout departing fromthe
eXpressiy e PYedconcept s herein. The inventive subject
matter, therefore, is not to be restricted except in
the spirit of the disclosure. Moreover, in
interpreting the disclosure, all terns should be
interpreted in the broadest possible manner
consistent with the context. In particular, the terns
"conprises"” and "conprising" should be interpreted as
referring to el enents, conponents, or steps in a -15
WO 2004/ 109795 PCT/ US2004/ 017906 non-excl usi ve
manner, indicating that the referenced el enents,
conponents, or steps may be present, or utilized, or
conmbi ned with other el enents, conponents, or steps
that are not expressly referenced. -16 WO 2004/ 109795
PCT/ US2004/ 017906 CLAIMS W claim 1. A thernal
transfer material, conprising: a heat spreader
conponent, wherein the heat spreader conponent
conprises a top 5 surface, a bottom surface and at
| east one heat spreader material, and at |east one
sol der material, wherein the solder material is
directly deposited onto the bottom surface of the
heat spreader conponent. 2. The thermal transfer
material of claiml1, wherein the solder material is
further coupled to a substrate. 10 3. The therma
transfer material of claim2, wherein the substrate
conprises silicon
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4. The thernal transfer naterial of claim3, wherein
the substrate is a netalized silicon die. 5. The
wo bhaared79% ransfer material of claim1, wherei nP€HhESHNeE017906
spreader conmponent conprises a netal, netal-based
mat erial or conbi nation thereof. 15 6. The thernmal
transfer material of cl a ?M wherein the heat
spreader conponent corrpr‘r'ses- ni ckel , al um num copper
VVecB, a conbination thereof. 7. The thernal transfer
I]t]erlal of claim5, wherein the netal -based nateri al
r| s i con arbon or a conbination thereof. 8.
L. ThAe {-elr%%? CREPEFPE of claim 1, wherein the
heat s reader conponent 20 conprlses a.thi ckness of
831?? % easleheRmRPISRl, Whersithibe hgat sprradetrompement corprises a top
mat er i I [
mbout Ak, BBl urblaf B M ee] atclifhna

ere e at st..on ,
ol Bt e Soiget Bl gvvﬁhne%%ﬁhe S By 2 B o
a CorTbItli]eib(thﬂn bieiceof the2atlshrealibcdni®nem. transfer
mat erial of claim 10, wherein the netal conprises a
2. U aBshdrh@NMtrakSBdrahaterdad of A Ul h%hé‘i%in the @&ﬁéﬁhaﬂéﬁgﬁg !ﬁﬁ'][her
of claim11, wherein the netal conprises indium tin,
| eaeplediq a/éubs’fr@tepper antinony, telluriumor bisnmuth.
-17 WD 2004/ 109795 PCT/ US2004/ 017906 13. The thernal
3.t Thedliemahatresférahatedal of efaim 21whevenr the subishetersirplis@askichn.
material conprises an alloy. 14. The thermal transfer
4.  mahethedmabfraifainiatdal oflaine BNwhéeinatht Sybs&arAs h §R%lized
[ ndJ um_tin, lead, silver, copper, antinony,
t &ilicpn idifm bi smuth or a combination thereof. 5 15. The
thermal transfer material of one of clainms 12 or 13,

5. fdbe mm@bwfegmege@l lo&gleim 1oWheremghe heammadamompbmm

t r 16, The th transfer
rEPRF el Wb Fas< R o Erm OB Pt et ur e
6. ° lIjhe %hermal transfer material of claim 5, wherein the heat spreader component

comprises nickel, aluminum, copper or a combination thereof.

7. The thermal transfer material of claim 5, wherein the metal-based material

comprises silicon, carbon or a combination thereof.

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

comprises a thickness of about 0.25 mm to about 6 mm.

9. The thermal transfer material of claim 8, wherein the thickness is from about 1 mm

to about 5 mm.

10.  The thermal transfer material of claim 1, wherein the at least one solder material

comprises a metal, a metal-based material or a combination thereof.

11.  The thermal transfer material of claim 10, wherein the metal comprises a transition

metal.

12. The thermal transfer material of claim 11, wherein the metal comprises indium, tin,

lead, silver, copper, antimony, tellurium or bismuth.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

former conprises silver, platinumor palladium 17.
The thermal transfer material of claim 16, wherein the

wo oa4t1egTper ature silicide 10 forner produces BCT/USN4/017906

| ayer. 18. The thermal transfer material of claim1,
wherein the solder material is directly deposited
USTHRGh &hiaf ﬁ&%?&ﬁﬂzﬁéﬁél Qf c1ailxﬁ 11AwHELROe H{etglﬁ)%%dr}ﬂatgrial
thermal transfer material, conprising: providing a
heampsipessmcdloyconponent, wherein the heat spreader
conmponent 15 conprises a top surface, a bottom surface

i in th ld terial
| 52 #biEE PP TC eI DAHBT: PETSE: P SRl (Bretho
heat spreader conponent; and depositing the at |east
orddedledranal transfes maierial of ong dclpimst @rordids r ofmyprising a layer
157 R BR R P APARE G (B her coupl ed to
a.,substrate. .21. ' Th t hod _of _cl ai 0, wherein the
JG&#@%F@?%W%@HE PFFI@HH%’ wheremdhe, o ismpsratee? siligide

2 Yormy¥h @bRipAsdshelval pRtingth ®r balAifRt al 1 zed silicon die.
25 23. Thée nethod of claim19, wherein the heat

S i | f - e .
P e AR S r R BP LB 6 R e ol Bl G nciae
c fammar pBoduebrer Bash leyee. heat spreader conponent
conprises nickel, alumnum copper or a conbination
t Mae eifrmal théhsHONZHEH] SOAZRD 1 FRRéRA00 4418r 1926rial 39 dir s
nmet hod of claim?23, wherein the netal -based nateri al
c Srpnsited using plestgpderotiiebon or a combi nati on t her eof .
26. The nethod of claim 19, wherein the heat spreader
c dvipethed of Eumprg & hermal transfck metsgiabfcompusingd. 25 nmt o
about 6 mm ‘

providing a heat spreader component, wherein the heat spreader component

=

comprises a top surface, a bottom surface and at least one heat spreader

material;

providing at least one solder material, wherein the solder material is directly

deposited onto the bottom surface of the heat spreader component; and

depositing the at least one solder material onto the bottom surface of the heat

spreader component.

The method of claim 19, wherein the solder material is further coupled to a

substrate.
The method of claim 20, wherein the substrate comprises silicon.
The method of claim 21, wherein the substrate is a metalized silicon die.

The method of claim 19, wherein the heat spreader component comprises a metal

metal-based material or combination thereof.

The method of claim 23, wherein the heat spreader component comprises nickel,

aluminum, copper or a combination thereof.
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30.

31.

32.

33.

34,

35.

36.

5 27. The nethod of claim?26, wherein the thickness is
fromabout 1 nmto about 5 mMm 28. The net hod of

webaumw9s wherein the at | east one sol der mat PCT/EE2004/017906

conprises a netal, a netal-based material or a
conbi nati on thereof. 29. The nmethod of claim 28,

ThEC el sFEb 2, RSB R EBnir-Phabietd B e

| edboor 4 Edmbihgesh thedebfer, 10 copper, antinony,
telluriumor bisnuth. 31. The nethod of claim 29,

e SloMholy? olBhab; Baseth ABhelPloalQERpBRS ggmahée%

32. The nmethod of claim 31, wherein the a
cthagkmiessend abeneti 128 mini to, abovk@misi | ver, copper,

antinmony, tellurium bisnmuth or a conbination thereof.
3Bhe thethodweif biadn @6, wherenif the taclmess3i6 fmm Bdout 1 wirh e about 5 mm.
conprising a layer of a noble nmetal 15 or a | ow

t AP Rietiod o€ cBiith 110] WRerbHI the bt ledst ond Bsiderahatedal @bnplisésn
33, wherein the low tenperature silicide former
cowisdiagmetal-Based graterisl ax ¢ pAbIBptigtheefum 35. The

nmet hod of claim 34, wherein the | ow tenperature

sTh¢ miethodfod clam 28y wleremsthametdl sgmptisepartrangitiog Guetathe
nmet hod of claim 19, wherein the solder material is
dThenicthpd dé plasih 28 dwhaeinghe eletad comgapssndiimmntin,- 1844, silver,

copper, antimony, tellurium or bismuth.
The method of claim 29, wherein the metal-based material comprises an alloy.

The method of claim 31, wherein the alloy comprises indium, tin, lead, silver,

copper, antimony, tellurium, bismuth or a combination thereof.

The method of one of claims 30 or 31, further comprising a layer of a noble metal

or a low temperature silicide former.

The method of claim 33, wherein the low temperature silicide former comprises

silver, platinum or palladium.

The method of claim 34, wherein the low temperature silicide former produces a

flash layer.

The method of claim 19, wherein the solder material is directly deposited using

electrodeposition.
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