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BACKGROUND

Electronic components are used in ever increasing numbers of consumer and
commercial electronic products. Examples of some of these consumer and commercial
products are televisions, personal computers, Internet servers, cell phones, pagers, palm-

15  type organizers, portable radios, car stereos, or remote controls. As the demand for these
consumer and commercial electronics 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
20  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 dm;vn and investigated to determine if

there are better building materials and methods that will allow them to be scaled down

25  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



decreasi ng the production steps and increasing the cost efficiency. These
tasks can be WD 2004/ 109795 PCT/ US2004/ 017906 difficult, however, given
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thermal interface is necessary. |In nobst conventi ona appl i cat lons, the solid
met al 1§ hebetwieen the mating surfaces in the electronic devices, or when large gaps between matmg

surfaces are present for other reasons, such as manufacturing tolerances, etc. When the
heat transferability of these materials breaks down, the performance of the electronic

device in which they are used is adversely affected.

Organic pastes and epoxies are also being used to facilitate heat removal from the

20 component. One example of this use is applying the organic paste and/or epoxy to the
interface between the silicon and a heat spreader, such as a nickel plated copper spreader.
These pastes and epoxies are normally filled with metal or other thermally 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

25  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

30 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.



interface is a solder material of nelting point 140 - 200C. As nore sol der
materials are being utilized in conponents to dissipate heat, it has been
di scovered that it is difficult to solder to nickel wi thout the use of a
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oxi des at the solder-nickel 30 interface. One recent approach to conpleting
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i nterconnect materials, thermal interface materials and | ayered materlals

and cthp mgmmrecfmm@t @a%ﬁtfgl %@@%m@ﬁﬂlﬁaﬁeéﬂ%éﬁm cqmnoaﬁntwéﬂland
| d thals
nggfjgtl VI ;%}Etjatgéﬁe ccﬂ)& iﬂlﬁ | ca COIT%FI ancélp% §§§3n%%§n;§ {)JFy reduce t he

nunber ofc)pievdor taliable smatlpmls o€ peslgeiny désired dhgpmekmtpecomasst mﬂﬂtmalawtheuhah n turn
results i.n | ower ost r shi ver .ot her conyen n | ayer ed
ot | al ShEee BeEGERs snd 3 4ip5es o s, GE T ReS B soomptisig
contemplated thermal mterfacc and layered materials; d) develop materials that possess a
15  high thermal conductivity and a high mechanical compliance; and e) effectively reduce the
number of production steps necessary for a package assembly, which in turn results in a

lower cost of ownership over other conventional layered materials and processes.



SUMVARY COF THE SUBJECT MATTER A thermal transfer material is described
herein that includes: a heat spreader conponent, wherein the heat spreader
conponent conprises a top surface, a bottom surface and at |east. one heat
spr eader ”%grzb@wm%‘d at | east one solder material, wheiqis254o@osol der
material is directly deposited onto the bottom surface of the heat spreader
conponent. Methods of formng layered thermal interface materials and
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possess acéempunenint act resistance. Bul k thermal resistance can be expressed
as a function of the material's or 5 conponent's thickness, thermnal
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where O is e thermal resistance, is the material thickness, is the

t her m&f covatbuigl; iby proyiditg @tHeashan@sqléﬁr materjag, wheeein thegsodsfer m@éenahtSedmfeafése
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 component.



15 The term "t/ kA" represents the thermal resistance of the bulk materi al
and "20co ct" represents the thernmal contact resistance at the two
surfaces. A suitable interface material or conponent should have a | ow bul k
resi stance ggp@nhPYs contact resistance, i.e. at the ngldgasdhiage. 20
Many el ectronic and sem conductor applications require that the interface
material or conponent acconmobdate deviations fromsurface fl atness
resultin flr ety f (;11I ring and/or warpage of conponents because of
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{ is the material thickness,

k is the thermal conductivity of the material
A is the area of the interface
15

The term “UkA” represents the thermal resistance of the bulk material and
“QOconact” TEpresents the thermal contact resistance at the two surfaces. A suitable
interface material or component should have a low bulk resistance and a low contact

resistance, i.e. at the mating surface.

20 Many electronic and semiconductor applica;tions 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 expamsion (CTE)
mismatches. A mateﬁal 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

25 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
thickpess can cause pumping of fluid interface materials (such as grease) away from the

interface.



custoner specifications while mnimzing the size of the device and nunber
of layers; b) produce nore efficient and better designed materials,
products and/ or conponents with respect to the conpatibility requirenents
of the nat ewigaes/eeFPONent or finished product; c) devep@pudhBlddhe et hods
of producing desired thermal interconnect materi al s, thermal 15 interface
materials and | ayered materials and conponents/ product S conprising
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15 mt acc aterials and layer materi components/products comprising

contemplated thermal interface and layered materials; d) develop materials that possess a

high thermal conductivity and a high mechanical compliance; and e) effectively reduce the
number of production steps necessary for a package assembly, which in turn results in a

lower cost of ownership over other conventional layered materials and processes.

20 The layered interface materials and the individual components of the layered
interface materials described herein accomplish these goals. When properly produced, the
heat spreader component described herein will span the distance between the mating
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.

25 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

30 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.



5 either by inproved wetting properties or by formation of |ow tenperature
silicides and/or bonds between the solder and the substrate. In

cont enpl at ed enbodi nents, the solder material is directly deposited onto the
bot t om si dewaj 2dohfoott@at spreader conmponent. In some contg, ﬁkﬁﬂnﬂms

enbodi nents, the solder material is deposited by electro eposition.
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pulse plating method by actually “reversing” or depleting the film at the cathode surface.

A typical cycle for pulse periodic reverse might be 10 ms at 5 amps cathodic followed by
0.5 ms at 10 amps anodic followed by a 2 ms off time. There are several advantages of
PPR. First, by "stripping” or deplating a small amount of film during each cycle, PPR
20  forces new nucleation sites for each successive cycle resulting in further reductions in
porosity. Second, cycles can be tailored to provide very uniform films by selectively
stripping the thick film areas during the "deplating” or anodic portion of the cycle. Pulse
plating and pulse periodic reverse systems can be purchased from any suitable source,
such as a company like Dynatronix (www.dynatronix.com), or built (in whole or in part)
25 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

30 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
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rel ated techni ques, such as pulsed plating or direct <current plating, where
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heat 25 g;ro%%e([esfgggggggent conprises a top surface, a bottom surface and at
| east one heat spreader material; b) providing at | east one solder material,

wherein the solder material is directly deposited onto the bottom surface
of the heat spreader conponent; and c)

» Can be laid down in a thin or ultra thin layer or pattern;
> Can conduct thermal energy better than conventional thermal adhesives;
15 > Has arelatively high deposition rate;

» Can be deposited on a surface or other layer without having pores develop in the

deposited layer; and

» Can control migration of 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



depositing the at | east one solder material onto the bottom surface of the
heat spreader -8 WD 2004/109795 PCTI US2004/ 017906 conponent. At |east one
addi tional layer, including a substrate |ayer, a surface, an adhesive, a
conpl i ant f gy RuF0eRPONent or any other suitable |ayer f#n@sh@ﬂh%ﬁk
interface material, can be coupled to the |layered thermal iInterface
material and/or the thermal transfer material. 5 As nentioned, thernal

i nterconnect materi,als, thernmall onduct i ve interconnect systens and

| ayers. maS RSNET < AY sk paS aitiaal fRyesy olydihe. 4 FORAE YR R FEE Rt r i al s

t hat neet adiesive aonPligntFbrésechPbhaonghydsisdr giitaplclager ot th@mabigitdrabel down in
athinor ultra thin | ygr or Eattern, b) .can conduct, thernmal energy better
t han conviateriglhpn bResoppled tg dhe davped thenma duterface amateriglofnd/on e th i tion
rate, d) galks aggﬁgsited on a surface or other 10 layer w thout having
pores develop 1 n the deposited layer, and e) can control mgration of the

under |l ying layer of .material. .Thermal intercopnect. materials and |ayers that
are suftable f‘g? “GQBOQE??{}‘QB?@ 1pigroganect Qﬁa‘%’"ﬁ% eT“r"F}”é' Wﬁﬂ"tﬂf’ 9ercoRnechi n | ayer
or patter gystehinAahjets MafRYmPEsdHRANS atad ¥ildRend SRitaklt cBmPBste Bitedidle pattern
may be produced by a device Capabl e of Ia%l % down a desired 15 pattern.

Cont enpl athetimeeiat Ieasi one atthe fellaring desien cat bplaihdewmin aidinsor uliset her

i sol ated Qg i 0 ' s b -] c rgh. Thus,
cont enpl a&é%l ?a?’gg? {] g?‘ﬁ‘%&i @c{;@dg@tﬁ ?taﬁhéﬂall %g%fjgg LII) ?’@%d&?? ?lcgg‘,’e%:ﬁﬂ{lag r sge}gia} ons .of

i nes, |i ndimsivés; k) hak d edisttveby high depositied raxe, dnsan tiel depowited ondentfaper othet | nes.
Contenplated thin |ayers and ujJtra thjn Layers of .thermal .interconpect

mat er i |S}3Q’qugloﬂlh*] o5 Fi?P Iﬁpﬁtdeﬂﬁl@%faé{ﬁrné%‘gﬁ) FRFORI JuEREgRPD 0 | ess

t han abouﬁleh@&]m},&gfﬁ{meﬁ@gst one Angstrom or even down to the size of a
single atomc l'ayer” of material. Contenplated solder materials are sel ected

' der t i de, the desi | ti i nt th |t
char acter | ot | cLierEgpRTsPaTS P airesn ayes’ Bl tre AUetE Fae o ipas be
t enper at Ulfj AGADR DhinfdQlfra Clayver @paném2 T8 patien FRYDHe padtuesbpthethse

enbodi ment s, . ) )
. of a mask or the pattern may be produced by a device capable of laying down a desired

15 pattern. Contemplated patterns include any arrangement of points or dots, whether
isolated or combined to form lines, filled-in spaces and so forth. Thus, contemplated
patterns include straight and curved lines, intersections of lines, lines with widened or
narrowed areas, ribbons, overlapping lines. Contemplated thin layers and ultra thin layers
df thermal interconnect materials (line thickness and/or plating thickness) may range from

20 less than about 1 pm down to at least one Angstrom or even down to the size of a single

atomic layer of material.

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,

25 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-

30 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



25 the solder materials conprise a pure netal, such as indium tin, |ead,
silver, copper, antinony, tellurium bisnmuth, or an alloy conprising at

| east one of the previously nentioned netals. As used herein, the term
"netal " neangohbRfgee4 enents that are in the d-block angdmRbaGkiRls t he
Periodic Chart of the Elenents, along with those el enents t{1at have
netal -1i1 ke properties, such as silicon and germanium As used herein, the

phrase "d 30 b " means, t ho el.e hat.. have el ectrons filli t he 3d,
2, "2, antmsaigenalF eeehpRfing o R R o (RielRGpthdite Iihels ohER,q o
herei n, t letenht decludihg heoBisthanidad and the Stinides. VBeZO:4/ hediéSRclude indium,

PCT/ 1JS2004/ 017906 fl enents that have. el ect %@qr;{i fill] nth he 4f and 5f
orbitals SHYSoSAPRFH @GIIHRUR ELRIEmwh, § ang therged, sHYss opted CPRRSE:hani des
and the aghii iR collefihRMmTelAleS 1dnfiChetar! B Ubluddh! bHEYs, SRRARGal

alum num tin, bismuth, galliumand alloys thereof, silver coated copper,
and si ISvercompesitss) mgtelrderammic chmpodiies, metatpolynter sbmpodites,| ag ded! @l dtlrsnetal

nmet al / met %lomS $ nposites, metal ceram c conposites, netal polyner

conposites, RSl | as other metal conposites. In sonme contenpl ated

enbodi nents, pure indiumis selected as the solder material, since it has a
nel ting point & somseEntamplatpd eabediments, puretisdiumis seleatechss thesoldaanatsrial,

el ectrode I, t: f 1 ol yt o] ) L pdi ' LNgdi

FI tor obat ST feflst§ P poaE oF 135cront ekl BRI, Sefh 36tk

pl at ed ontetectrbdepheted fapmn ekdiolytes rentainingindiem| ayysids, indium fludrebatelindisch as a

nobl e tal,and/or_a |l ow tepgperature sil.icide farmer - such as silver,
Dl at | ritm GRligEte B G RgEE, duce fle T P s e de et rcdindol
i ndi um OX'rH&E'lﬁj?erH\?ﬁ‘nﬁiéﬁﬁfé Q6L R atloble bt dnfiefa A t&ﬁﬁér&dﬂe%m&deefoﬁﬂé?d

choices for this layer material, because they are |ow tenperature silicide
forners. M sueh ag silves, pletinunher palBdinm e may covasthe indinm layer incorgerrtatconteolmay al so

b 4 _ _ . e | adi ro T s ;
matorial NadRGREYIE lyRsed BLih SihunD Bld B HICk bbod oo Y5 O
pl ating | dywt matidl,echisasheyome low tehpesauref dilidde foaperss ' Mbaxd dilicidesuhdted t o

t he | ating | er. _The.layer of materjal, can.al §0 be coupled to, the silicon
when F e sk@?fa éﬁgwcr formation temperature may alsd be used %hese em%oa%glents, 1Includ1};|1g

palladium silicide. The layer of material is understood to be a "flash layer” on top of the

bulk indium plating layer, and at least one of these "flash layers” can be coupled to the
plating layer. The layer of material can also be coupled to the silicon when the solder
material is reflowed, in order to act as an oxide barrier and to promote bonding at the

20  silicon surface.

As mentioned earlier, other contemplated solder materials comprise alloys that are
plated onto the heat spreader. The alloy materials used in these contemplated
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

25  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,

30  iron, manganese, magnesium, molybdenum, nickel, phosphorus, palladium, platinum, tin,

tantalum, titanium, vanadium, tungsten, zinc, and/or zirconium.



material is reflowed, in order to act as an oxide barrier and to pronote
bonding at the 20 silicon surface. As nentioned earlier, other contenplated
sol der materials conprise alloys that are plated onto the heat spreader.
The alloy materials used in these contenplated enbodinents may be dilute

al I oys and/ g dobpfe798! | oys that are silicide. formers, spehugmosaadesadi um

pl ati num copper, cobalt, chrom um iron, magnesi um manganese, nickel and
25 in sonme enbodi nents, cal cium Contenplated concentrations of these alloys
woul d be abou : )V a ted
enbodi nents, t ?géegtﬁf' g&%ﬁ??%%ggﬁeacﬁ@%ﬁe%& i%‘Jrcrlzatlti.) }ejsrlfnéi?{s R)tog ;ﬁrfaﬁgtﬁ)ﬁy%g? J" g

conposi t i calativet hipmtireomalsconbiectinvity taa lsompargd of cdrventiddabthetroaltadbesiveatand pr eader .

Sui tabl e el,engnts .that i .qve ttability are.qgold, calciu cohal t,

chr on um CBGLEFRaL e oLk Heisa Sty e Br NS, ipBUGR G bf FOREP
phosphor ugireddid! tb 368 Hheima litetcomiBet Tayéh withowd tid d&@loftshélﬁ&drh'd%n AR A1 3
tungsten, zinc, and/or zirconium _ -10 WO 2004/ 109795 PCT/ 004/ 017906 Once
t he t h&r maprrosiecilunsh Hut maydieeneeded Hefsamove odides of theymatsrials.oneh @ aickpl, wi | |
have a re i | gbaLhe nductivity as conpared to conventi onal

t her mal ah%tggéll\sléo\gu%ntgg 0 £e1r eﬁ‘ge?'rral | ayers. Additional |ayers, such as a
netallized siljicon die can be soldered directly to the thermal |nterconnect
layer without PR# spreedesicompenerinpmbfeh sprpaing sompongas sheab ppreader and hetkes t hat

b . ' hal ] j - dt
R T
conponent soripriset a wyEetad aotanctaldichstb hise mpteeadsund @ vickei e dlulvdmen, ncopper, or
i nt | d. ' LIy '
ot al Wr s RS Sute el Bheed BRRE el pr e Gy SRS . or 10

A Si C. Anyasté Ll iRrefehfh hedfepAladdA8CHnd as e BN droth etk bdsb® bak8 Ihatermnduct i ve
non-netal . can be used herein as a heat sgqr}sader, as long as the netal or

net al - bas 6 WRnster femeey ai of thebeat pepgepicdbydbmelechionig qomppnenke heat generated by
t he el ectroni c conponent.

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
15  component is able to sufficiently perform the task of dissipating some or all of the heat
generated from the surrounding elecironic component. Contemplated thicknesses
comprise thicknesses in the range of about 0.25 mm to about 6 mm. Especially preferred
thicknesses of heat spreader components are within the range of about 1 mm to about 5

.

20 The layered interface material and/or interconnect material may then 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 subsirate comprises a silicon or germanium

25  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

30  polymers such as polymimide. The “substrate” may even be defined as another polymer

material when considering cohesive interfaces. In more preferred embodiments, the

-11-



Heat spreader conponents can be laid down in any suitable thickness,
depending on the needs of the el ectronic conponent, the vendor and as | ong
as the heat spreader 15 conponent is able to sufficiently performthe task
of dissipating some or all of the heat generated fromthe surroundi ng

el ectroni c wopanesbs Contenpl ated thicknesses conpri sedinGiRasmes | N the
range of about 0.25 mmto about 6 mm Especially preferred thicknesses of
heat spreader conponents are within the range of about 1 nmto about 5 Mn
20 The | aglifith doinbisdf BaflRbonhof RthObacl Uiy ERIVIRGH bBRUSHd e Bent NeN be
applied to a substrate, another surface, or another layered material.
Subst r at eas silicon,enpricatgitss radanotherpmyymeanpri se any desirabl e substantially
solid material. Particularly desirable substrate |ayers would conprise

films, glass, gfiRAbClayds 38 HaferiaBhfbe ebuplictoqie HHERH intBface NGB B
material. In preferred enbodi ments,” the substrate conprises a silicon or

?er ngni ungrde tarosstinugbudidingot layared rcosmpnaite It i§ (oatemplgtedthat thesasditionglh as
! . o I .
ound 4 n Ig%e}%é) grgiaédénﬁ#&la Yilterial §iRkr to Hiosd gir%ardQ 5‘2%‘%@8‘]& fadhy fh’gﬁldm%engﬁﬁgreg ce. a

surface s in a clrculrt boar 't ercon
vi a-wal | métalsilldyk estlipokitd etaterials, polymprse mMonomers,ichganic awogipdatds] iongnikf bare

copper and it's_ oxides), a.polyner-pbased packagi ng or, board interface such
as found cwoan%mamomf@b@s@ﬁww& ﬁa%kﬁgaﬁleﬁg% B opifel Werauda | oy
sol der bakhieg4i¢face, glass and 30 polyners such as polym mde. The
"substrate” may even be defined as another polyner material when

consi deri ng cohesive.interfaces.. |ln ref erred,enmbodi pent.s, th -11 WO
2004/ 109795 PC#?@@%M@@E‘%%L% %@“&ﬁﬁﬁ?&%& bg "Hﬁgls‘ﬁr?"a@eé nin the
packaflj NGinfPEcemitesils diRadits of thesspbdiBSatiohEiRtquin®l 15 thé 6&AporeAd NQMminddsass, and

anot her polyner. Additional |ayers of material may be coupled to the | ayered
i nt er f ac earprgensrdliy|consigeredfibrarreinfprecd esim dislepiaic meptenple Claddingmalctplpaitent . |t

is conte _ it r | i |als

s ar t b BRr bkl el oA whoh BN Wi nERURLS BELRIBIAR D

conposi t earedherporitsd iptol therdaminatesn offfarer, Charbni &., dUequeaaid Sackaging qaudl C
Interconnection Handbook, Second Edition, McGraw-Hill {New York), 1997.)

15 Spin-on layers and materials may aiso 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 keg Dielectrics”, Solid State Technology (July 2001), incorporated
herein in its entirety by reference. Spin-on layers and materials are also contemplated to
be those materials found in PCT Application No.: PCT/US02/11927 and US Patent

20  Application Serial No.: 10/466652, which ar¢ both commonly-owned by Honeywell

International Inc. and are incorporated by reference herein in their entirety.

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

25  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

30  boards, such as capacitors, inductors, and resistors.

-12.



conpounds, organonetal |ic conpounds, resins, adhesives and opti cal
wave-guide materials. A layer of lamnating nmaterial or cladding naterial
can be coupled to the layered 10 interface materials depending on the
speci ficati jgced by the conponent. Lam nates ar |

consi dered ?’?%géﬁfrﬁgifﬁf orced resin dielectric material s. * a Pﬁédﬂr?g? erials
are a subset of |am nates that are produced when netals and ot her
materials, su S C e are i ncoyporated into the l,am nates. (Harper
Char | o6 A erdedpaf BoakprodBih sorfe TRARBLER S Bt B MR AOIRY «LhE1E
Edition, ie@imnmdukty of Bewth¥odtsumd®O Exhmples Spifinished tawtmer plodudi®b@rd al s may
al so be added, to the layered interface materials or subsequent |ayers.

Spi n-on steke¥iEion, 4 coumtery & celbpRome, 3RS & RABI-IYRS ONEIBIsEE 2 Poriphip Tadip, agitycked

Fi | s forstérgé(y %ﬁf; @b QOhfrbIC S AlsontethpPit@f Gre MGABRAARM érbﬁ{:éfs 208 ds

i ncor porate erein 1nits entirety by reference. Spin-on [ayers and

mat er i Bl scicni twasls, cluptpckdging dnd keybamrdshibgteangepateritially utitiverin dineen
Application .. PCT/US02/ 11927 and US Patent 20 Application Serial No.:
10/ 466652PG#%h are both conmonl y-owned by Honeywell |nternational |nc.
and are incorporated by reference herein in their entirety. Applications of
t he cont enpl atiderctionier prafiuci® mayi ases cornpiise gr BOEYRSi ¢omioneaskamesiage ofher nal

interface n ' [ a

conponent %&8@'@%8%%%% C%Igcrgétﬁlgﬂg%#% r?clr élgﬁ ;E%ag%é Pg%“r"g'% '?l%'g th%rg%%te Zt?ﬁ[yg?qgﬂa}’n d/ or
conponent goticoitainadiiobhibe a2ial congpoaehtsritedediin a dinished piodadt] endcoprtotggd or a
finished electronic product. FElectronic orrpotnents,_ as c%%e |.at ed herein,
are gther BRY fatesmmtomRINERIThat Ate SORFUPSiOR PW! OTRReSe MEtRLIR RIRT 190
utilized jdy.RMn& Bitfal Ffdctr GARRG BmBokaEs Wi BeRERhiRkIBHefELCT rONi C  conponent s
conprise circuit boards, chip packagi ng, separator sheets, dielectric
conponents of circuit boards, printed-wi ring boards, and ot her conponents of
circuit 30 boards, such as capacitors, inductors, and resistors. -12 WO
2004/ 109795 PCTI US2004/ 017906 El ectroni c-based products can be "fini shed”
in the sense that they are ready to be

13-



used in industry or by other consuners. Exanples of finished consuner
products are a television, a conputer, a cell phone, a pager, a pal mtype
organi zer, a portable radio, a car stereo, and a renote control. Al so

cont enpl at efhopfy10d35 er nedi ate” products such as 5 circuj ﬁd"ﬁ’% oEhi P
packagi ng, and keyboards that are potentially utilized infinrs ec?

products. Electronic products may al so conprise a prototype conponent, at
any stage,o devel opnent from conceptual nodel to final scal e-up/ mock-up. A
prototyp may not contain all of the actual conponents intended in a
finished product, and a prototype 10 may have sone conponents that are

construct ed ouh egdmpleswhere it svbdee rattkial is eRettigslatbd ontd agatfecd, betiventichal i al
ef fects on ot her clpﬁgone[]@ewhl le being initially tested. -13 WD 2004/ 109795

PCTI US200% 9090788 |GlecoRplatte STvPRFE MRY Roperd  Manlly) this
el ectropl ROLRliARs 3 bkt nfaSIONEE1AE AR areaatﬂ‘i)e?gdiﬂslf msw@%ér,ry%rﬁmsks?sb! e

el ectropl ating equi pnent nmay be used. Normally, equi prment utilizes a
conpl iant andeother maskisgteghnologies work gquadlyiveellpl at ed; however, photoresists 5
and ot her maski ng technol ogi es work equally well. EXAMPLE 1: In this
exanpl e, a nickel-plated copper heat spreader is shielded using a silicone
rubber mask. The area contained within the mask is electrodeposited with a

sol der or 10@%& 1(_:orrponent of an appropriate and predeterm ned
t hi ckness, de % on the needs of the component, finished product,

custoner and/ qr .vendor.. The, filmthi ckness can be. en to pre-wet the
surface (and t.émﬁﬁf‘?fngl& HBPkﬂFFg]?}P‘g&?PPB&EﬁE P%"Fa%éﬂ%gﬂégg‘g\lsw& mi&?ftei re

sol der fifuBbdrhhaskneBife &84 chtaiRb® GithROME dsk 86l cledhGicp6Sied Ivith @Rolifeort hi ckness
of the filmcan also be based on the quality of theéégg‘lleted part (and the

r esul }Q ngsojdes cempeneat efipa appepeesiBdprdetsrminebthinkness, g Po e IEMR\VPLE 2:

of the component, finished product, customer and/or vendor. The film thickness can be
enough to pre-wet the surface (and the bulk solder provided by other methods) or the
_ entire solder film thickness can be electrodeposited. The decision on the thickness of the
film can also be based on the quality of the completed part (and the resulting yield) and the

15  economics of the metal deposition.

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.

20  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.

25 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.
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In one exanple, the heat spreader is nmasked and a film of el ectrodeposited
solder is built to a thickness of about 25 to about 150 m croneters in one
continuous step. 20 Equi prment to achieve this continuous application is

comer ci al | j e fromsuppliers, such as ALF and [N and SFT
in the Uni t%ggazé@é]tog@.g A layer of plating materi al (sucﬁﬁhgéo%éﬁﬁggnet al or
a silicide former) may be added to the top of this Ilayered material. In
sonme exanples, the plating naterial conprises palladium 25 EXAMPLE 3: In
anot her exanple, the electrodeposited filmis limted to a filmthickness of
about 25 mcroneters or less. In this exanple, a second step to build the
total solder thickness to about 25 to about 150 m croneters woul d be

requi red. The second step nmay conprise silk screening, direct attachnent of
a preformor jBXAMPIE4f sol der powders or liquid. -14 WO 2004/ 109795

PCT/ US2004/ 017906 EXAMPLE 4: One exanple of a contenpl ated net hod

conpri ses: 5 Qnue é&amplawf axooeppiatedrecthod@myaites:; 2. El ectropl ating at | east
part of the copper part with nickel or . a simlar solderable mterial; 3.

El ect rbdeposi t1.nFomihg heomder hedt gmeadent eri al or at | east one conponent of a
sol der systemthereby formng a eutectic; and 10 4. Optionally building the

sol der t hi cknexs Eleetraplatiydt 0kt gty @bﬁwwﬂﬁﬁim@] oB£ 5igfiRt fldersh]é €Ct
er

attachment of a preformor jetting of so powders or liquid. In the case
where the materi Baerngke plated with a thin filmof solder and the bul k of

the solder is provided in paste form_ the yields will be inproved because of
pre-wetting of3. Elcirpdepasitingla Hlon et seiden matesal oreat lsasttane @omRUE & a | n yet

anot her exanpl e, S&R&%&&eﬁ&&r&@ﬁﬁﬁﬁga%&%&é% the plated filmand the
10 4. Optionally building the solder thickness to an appropriate thickness by silk

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

In the case where the materials are plated with a thin film of solder and the bulk of
the solder is provided in paste form, the yields will be improved because of pre-wetting of

15  the nickel plate by the solder paste.

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
20  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

25  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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di spensed filmformthe solder. For exanple, a filmof tin is electroplated
and used with a 20 |lead paste to forma tin-lead sol der of an appropriate
and suitable ratio. Thus, specific enbodi nents and applications of thernal
sol utions, WG Q%F%i ng, thermal interconnect and intepdpasoiddi®osal s have
been discloseg. shoul d be apparent, however, to those skilled in the art
that many nore nodifications besides those al ready 25 descri bed are possible
wi t hout departing fromthe invgﬂ%ive oncepts herein. The inventive subject

mat t er, DARFEAWTE mprner dpdipgling that dhe referenced elmIERE, GOMRORENS (T SIEPS BIRY he

di scl 0SULE presd¥ie! R QNifiked, b cdrbiBELK TR biRer d18Berfld, S6PSHHNSR, ofdtépstiRi MR sfioul d be
interpreted in the broadest possible manner consistent with the context. In
parti cul gxkpresshyrefeeeneed." conpri ses” and "conprising" should be interpreted as
referring to el enents, conponents, or steps in a -15 WD 2004/109795

PCT/ US2004/ 017906 non-excl usi ve manner, indicating that the referenced

el enents, conponents, or steps nmay be present, or utilized, or conbined
with other elenments, conponents, or steps that are not expressly
referenced. -16 WD 2004/ 109795 PCT/ US20041017906 CLAIMS W claim 1. A
thermal transfer material, conprising: a heat spreader conponent, wherein

t he heat spreader conponent conprises a top 5 surface, a bottom surface and
at | east one heat spreader naterial, and at | east one solder material,
wherein the solder material is directly deposited onto the bottom surface
of the heat spreader conponent. 2. The thermal transfer material of claima1,
wherein the solder material is further coupled to a substrate. 10 3. The
thermal transfer material of claim2, wherein the substrate conprises
silicon.
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4. The thermal transfer material of claim3, wherein the substrate is a
netalized silicon die. .5. The thermal transfer material of claim1,
wherein the heat spreader conponent conprises a netal, netal-based nateri al

or conbi naw(ggbow‘ﬁr,;sof 15 6. The thernmal transfer nat ei)FﬂUsbecuEl"rﬁkm 5,

wherein the heat spreader conponent conprises nickel, um num copper or a
conbi nation thereof. 7. The thermal transfer material of claimb5, wherein
the netal -based material conprises silicon, carbon or a conbination
thereof. 8. The thermal transfer ma of claim1l, wherein the heat

spreader ‘& nent 20 conprises a thickness of about 0.25 mmto about 6 mm
The tN&F *transfer material of claim8, wherein the thickness is from
about 1 nm to about 5 nm 10. The thermal transfer material of claiml1,
wherei n the ath themayl tgpeeryprtgdal, ompeising) conprises a netal, a netal -based
material or a conbination thereof. 25 11. The ther.nal transfer mat eri al of
clai m 10, wherdeat sprraderacrIPOReHYheERin th hest sArspdar spmpeRsuheomprises aiep t her nal

transf5er mat eri al ‘Brf:rf aéggnjo}n %{3&{ d%icgﬁog@ggzlts _%;h%%%g%um tin,

| ead, silver, copper, aht 1 ron I 'um or 04/ 109795

PCT/ US2004/ 017 Lran I.a 1. wherein
the netal - basegi% tt"é%r“"élaé} céé%]‘r%? @es u;ﬁl E?]I%EVH‘%E& sr‘br‘%e‘%‘ﬁ@?%&r e({l?ﬂa?'rsf er

mat eri al of clai m ik botonr wirfacd dfahetidaypraadafuopesertndi um tin, | ead,
silver, copper, antinony, tellurium bismuth or a conbination thereof 5 15.

The thernal t riveshepmaltednfer tlatefibl (FRRM, WhereiiBhesbl@f mhateriaf MiHiRE Cconpri sing
a layer of a noble netal or a silicide former. 16. The thermal transfer

materi al of clcapedto a syReFas-n the silicide

10 3. The thermal transfer material of claim 2, wherein the substrate comprises silicon.

4, The thermal transfer material of claim 3, wherein the substrate is a metalized

silicon die.

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

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

15 6. The thermal 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
20 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

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

25 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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former conprises silver, platinumor palladium 17. The thermal transfer

material of claim 16, wherein the .silicide 10 forner - is a flash |ayer.
18. The thermal transfer material of claim1l, wherein the solder material is
directly - deposited using el ectrodeposition. 19. A nmethod of formng a

thermal tran r ial, conprising: providing a heat r eader_conponent,
wherei n the ?8%?“@7géder conponent 15 conprises a top Emﬂgo“bottom
surface and at | east one heat spreader material; providing at |east one

sol der mategi al erejn the sol.der, material is directly deposited onto the
bot t om surﬁé{ce W%LW&%&Q?" oBFfein thafpctalhasidanaterisl t he at | east
one sol der nat efonprisesEh@llby)e bottom surface of the heat 20 spreader
conponent. 20. The nethod of claim 19, wherein the solder nmaterial is

further coupl edlliethétmabidnsfer Material 3t claikl'es, WRértia theiilo§ bahyHseOinditiefgi N t he
substrate conprjses,silicon. 22. The pethod of claim2l, wherein the

substrate is a SHY 5 SAPRST, BNy, folluriut; bismuthms @ copabinationgheredfai m 19, wherei n
t he heat spgeader .conponeni conpri ses netal, _netal-based material or

conbi naPi OR t hgﬁ@d]ﬁ?‘mﬂﬁmmﬁtﬁ%mﬂtggﬂ(’? 0%0%81%%#23}3.%%mwsm spr eader
conponent conprifaSeblRistd@bra al um num iR emey, & conbi nation thereof. -18

WD 20041109795 PCT/ US2004/ 017906 25. The nethod of claim 23, wherein the

met al - basedq. et PHe térma DRk el RateSdl bF 18 15, #B&GHIAMOT 2 conbi ngjilgn t her eof .
26. The nethod of claim,19, wherein the ﬁeat spreader conponent conprises a

t hi ckness of abfrRersomprises siiver, pladipum er paliadivm.

17.  The thermal transfer material of claim 16, wherein the .gilicide
10 former- -is a flash layer.

18.  The thermal transfer material of claim 1, wherein the solder material is directly
deposited using electrodeposition.
19. A method of forming a thermal transfer material, comprising:

providing a heat spreader component, wherein the heat spreader component
15 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
20 spreader component,

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

21.  The method of claim 20, wherein the substrate comprises silicon.
22.  'The method of claim 21, wherein the substrats is & metalized silicon die.

25 23, The method of claim 19, wherein the heat spreader component comprises a metal,
metal-based materia] or combination thereof.

24,  The method of claim 23, wherein the heat spreader component comprises nickel,
aluminum, copper or a combination thereof.
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5 27. The nethod of claim 26, wherein the thickness is fromabout 1 mMmto
about 5 mm 28. The nethod of claim19, wherein the at |east one sol der
material conprises a netal, a netal-based material or a conbi nation
thereof. 29. The nethod of claim 28, wherein the nmetal conprises a
transition netal. 30. The nethod of claim29, wherein the netal conprises
indium tin, lead, silver, 10 copper, antinony, telluriumor bismuth. 31.
The nethod of WA 2P4H0Y8S \herein the metal based materi al PEEHEAMBIGN al | oy,
32. The nethod of claim 31, wherein the alloy conprises indium tin, |ead,
silver, copper, antinony, tellurium bisnuth or a conbination thereof. 33.
The net hod &% orieafetndaf KBin323, whekin the metakimsedonatyrial somyises diliopay of a nobl e

netal 15 or_ a Gl . he net hod of claim 33, wherein the
silicide forner ch%%n%??%é% SI I°‘v‘§‘:‘"°g| atinum or palladium 35. The method of

et hod of o7 m 1S mgedeEli A5 wiBfoBfhe MappHats urerefbrpla, oci t cd usi ng

el ect r odeposi t i dhicknesof about 0.25 mm to about 6 mm.
§ 27. The method of claim 26, wherein the thickness is from about 1 mm to about 5 mm.

28.  The method of claim 19, wherein the at least one solder material comprises a
metal, a metal-based material or a combination thereof,

29.  The method of claim 28, wherein the metal comprises a transition metal,

30.  The method of claim 29, wherein the metal comprises indium, tin, lead, silver,
10 copper, antimony, tellurium or bismuth.

31.  The method of claim 29, wherein the metal-based material comprises an alloy.

32.  The method of claim 31, wherein the alloy comprises indium, tin, lead, silver,
copper, antimony, tellurium, bismuth or a combination thereof.

33,  The method of one of claims 30 or 31, further comprising 2 layer of a noble metal

15 ora _ silicide former.
34,  The method of claim 33, wherein the silicide former comprises
silver, platinum or palladium. |
35.  The method of claim 34, wherein the silicide former produces a
flash layer.

20 36. The method of claim 19, wherein the solder material is directly deposited using
electrodeposition.
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