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consumer and commercial electroni¢s increases, there is also a demand for those same

e

products to become smaller, more functional, 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. 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 down and investigated to aetermme if there
are better building materials and methods that will allow them to be scaled down to
accommodate the delﬁands 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

5  functionality and durability of the remaining layers. This task can be difficult, however,
given that several of the layers and components of the layers should generally be present in

order to operate the device.

Also, as electronic devices become smaller and operate at higher speeds, energy

emitted in the form of heat increases dramatically. A popular practice in the industry is to use

-1-



excess heat transferd across physical interfaces. Mst conmon types of
thermal interface materials are thermal greases, phase change nateriﬁi
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| ayer, idevicacihd gumbsnﬁfslayem, b) produce more efficient and better designed materials and/or

components with respect to the compatibility requirements of the material, component or
finished product; c¢) develop reliable methods of producing desired thermal interface
)" materials and layered components comprising contemplated thermal interface and layered
materials; and d) 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, components and processes.

5 SUMMARY

Layered thermal componentsﬁ described herein comprise at least one thermal interface
component and at least one heat spreader component coupled to the thermal interface
component. A method of forming contemplated layered thermal components comprises: a)
providing at least one thermal interface component; b) providing at least one heat spreader

0  component; and c) physically coupling the at least one thermal interface component and the



| ayer, can be coupled to the | ayered thermal conponent. A nethod for
formng the thermal interface conponents disclosed herein conprises dp-Jan-07
provi ding at | east one saturated rubber conpound, b) providing at |east one
amne resin, c¢) 5i crosslinking the at | east one saturated rubber conpound
and the at |east one.amne resin to forma crosslinked rubber-resin
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more apparent from the following detailed description of preferred embodiments of the

invention.

I

DETAILED DESCRIPTION

A suite of thermal interface materials is described herein that exhibit low thermal
resistance for a wide variety of interface conditions and demands. Thermal interconnect
0  materials and layers may also comprise metals, metal alloys and suitable composite materials

that meet the following design goals:

a) Can be laid down in a thin or ultra thin layer or pattern;
b) Can conduct thermal energy better than conventional thermal adhesives;
5 c) Has a relatively high deposition rate;

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

deposited layer; and



A suitable interface material or conponent should conformto the mating
surfaces ("wets" the surface), possess a low bulls thermal resistant®Jand?7
possess a | ow contact resistance. Bulls thermal resistance can be
expressed as a function of the material's or O conmponent's thickness,
thermal conductivity and area. Contact resistance is a neasure of how well
a material or conponent is able to nake contact with a mating surface,
llayer or  subpCirbdoatrolihRritivarofile wr@slGh@Rs& Pmattitial. Nt €r f ace material or
conponent can be shown as follows: 5 O interface = t/kA. + 20.,,ta a
Equation 1 where Ois the thermal resistance, t is the material thickness,
k is the thermal conductivity of the material A is the area of the
interface Q The term "t/ kA" .represents the thermal resistance of the bulk
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coefficient of thermal expansion (CTE) msmatches. 4 19-Jan-07 A nmateri al
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5 O interface = t/kA + 2@contact Equation 1
vslihere @ is the thermal resistance,
t is the material thickness,
k is the thermal conductivity of the material

A is the area of the interface

O .

The term “/kA” represents the thermal resistance of the bulk material and “2@contact”
represents 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.

5 Many electronic and semiconductor applications 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.



conformto non-planar surfaces and thereby | ower contact resistance. O
Optimal interface materials and/ or conponents possess a hi gh thermal 19-Jan-07
conductivity and a high nechanical conpliance, e.g. will yield elastically
when force is applied. High thermal conductivity reduces the first term of
Equation 1 while high nmechanical conpliance reduces the second term The

|l ayered interface materials and the individual conmponents of the layered
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Layered thermal components described herein comprise at least one thermal interface

component, wherein the thermal interface component may be crosslinkable, and at least one
0  heat spreader component coupled to the at least one thermal interface component. A method
of forming contemplated layered thermal components comprises: a) providing a thermal
interface component, wherein the thermal interface component may be crosslinkable; b)
providing a heat spreader component; and c) physically coupling the thermal interface
component and the heat spreader component. At least one additional lay'er may be coupled
5  with the layered thermal component described herein. The at least one additional layer can
comprise another interface material, a surface, a substrate, an adhesive, a compliant fibrous

component or any other suitable layer.

Suitable thermal interface components comprise those materials that can conform to
the mating surfaces (“wets” the surface), possess a low bulk thermal resistance and possess a
0 low contact resistance. A contemplated thermal interface component is produced by

combining at least one rubber compound and at least one thermally conductive filler.



t hrough a crosslinking reaction between the at | east one rubber conpound
conposition and the at |east one crosslinker noiety, crosslinking conpound
or crosslinking resin. The at |east one crosslinker noiety, CrOSS|Hﬁkaﬁdn
conpound or crosslinking resin may conprise any 0 suitable crosslinking
functionality, such as an amine resin or an am ne-based resin. Mire
specifically, the at |east one crosslinker noiety, crosslinkng conpound or
crosslining resin, such as the amne resin, is incorporated into the
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(such as adi ene nono-o
the phrase “primary hydroxyl groups” means that the hydroxyl groups are in the terminal

position on the molecule or compound. Rubber compounds contemplated herein may also
0  comprise additional secondary, tertiary, or otherwise internal hydroxyl groups that could also
undergo a crosslinking reaction with the amine resin. This additional crosslinking may be
desirable depending on the final gel state needed for the product or component in which the

gel is to be incorporated.

It is contemplated that the rubber compounds could be “self-crosslinkable” in that

w

they could crosslink intermolecularly with other rubber compounds or intramolecularly with '
themselves, depending on the other components of the composition. It is also contemplated
that the rubber compounds could be crosslinked by the amine resin compounds and perform

some self-crosslinking activity with themselves or other rubber compounds.

In preferred embodiments, the rubber compositions or compounds utilized can be
)  either saturated or unsaturated. Saturated rubber compounds are preferred in this application
because they are less sensitive to thermal oxidation degradation. Examples of saturated

rubbers that may be wused are ethylene-propylene rubbers (EPR, EPDM),
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hydr ogenat ed pol ypropadi ene nono-ol, hydrogenated pol ypent adi ene nono-ol),
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- 7 19- J@dsrhaterials or compounds that are not yet crosslinked.

As used herein, the term “crosslinking” refers to a process in which at least two

0  molecules, or two portions of a long molecule, are joined together by a chemical interaction.
Such interactions may occur in many different ways including formation of a covalent bond,
formation of hydrogen bonds, hydrophobic, hydrophilic, jonic or electrostatic interaction.
Furthermore, molecular interaction may also be characterized by an at least temporary

physical connection between a molecule and itself or between two or more molecules.

5 More than one rubber compound of each type may be combined to produce a thermal
interface compoﬁent; however, in some contemplated thermal interface components, at least
one of the rubber compounds or constituents will be a saturated compound. Olefin-containing
or unsaturated thermal interface components, with appropriate thermal fillers, exhibit a
thermal capability of less than about 0.5 cm® °C/W. Unlike thermal grease, thermal

0 performance of the thermal interface component will not degrade after thermal cycling or

flow cycling in IC devices because liquid olefins and liquid olefin mixtures (such as those



conprising amne resins) will crosslink to forma soft gel upon heat
activation. Mreover, when applied as a thermal interface conponent,19Jan-07
wi |l not be "squeezed out" as thermal grease does in use and will not

di splay interfacial delamnation during thermal cycling. Crosslinkers or
crosslinkng conpounds, such as am ne or am ne-based resins, are 5 added or
I ncorporated into the rubber conposition or m xture of rubber conpounds
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Amine and amino resins are those resins that comprise at least one amine substituent
group on any part of the resin backbone. Amine and amino resins are also synthetic resins
derived from the reaction of urea, thiourea, melamine or allied compounds with aldehydes,
particularly formaldehyde. Typical and contemplated amine resins are primary amine resins,

5 secondary amine resins, tertiary amine resins, glycidyl amine epoxy resins, alkoxybenzyl
amine resins, epoxy amine resins, melamine resins, alkylated melamine resins, and
melamine-acrylic resins. Melamine resins are particularly useful and preferred in several
contemplated embodiments described herein because a) they are ring-based compounds,
whereby the ring contains three carbon and three nitrogen atoms, b) they can combine easily

)  with other compounds and molecules through condensation reactions, ¢) they can react with
other molecules and compounds to facilitate chain growth and crosslinking, d) they are more

water resistant and heat resistant than urea resins, ¢) they can be used as water-soluble syrups

. -8-



wat er resistant and heat resistant than urea resins, e) they can be used as
wat er -sol ubl e syrups -8 19-Jan-07 or as insoluble powders dispersi bd-gard-07
water, and fj they have high nelting points (greater than 325C and are
relatively non-flammble). Al kylated nel am ne resins, such as butyl ated

mel am ne resins, propylated nelam ne resins, pentylated nel am ne resins
hexyl ated nelamne resins and the like, are forned by incorporating alkyl
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contrary, the nunerical paranmeters set forth in the speC|f|cat|on and
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si gni fi i‘“éﬁﬁ“aﬂla ‘{tgb%%%{ﬁlﬂf BeWHi nary roundi ng t echni ques.
Notwi t hstanding that the numerical ranges and paraneters setting forth the

broad scope @k thiB§ofithi Shuld'Bd tderstfddemet) ualksd theiviseindicard) el inidbélens, the
nuneri cal values set forth in the specific exanples
expressing quantities of ingredients, constituents, reaction conditions and so forth used in the

0 specification and claims are to be understood as being modified in all instances by the term
“about”. Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the specification and attached claims are approximations that may vary depending upon the
desired properties sought ‘to be obtained by the subject matter presented herein. At the very
least, and not as an attempt to limit the application of the doctrine of equivalents to the scope

5  of the claims, each numerical parameter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques. Notwithstanding
that the numerical ranges and parameters setting forth the broad scope of the subject matter
presented herein are apptoximations, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value, however, inherently contain

0 certain errors necessarily resulting from the standard deviation found in their respective

testing measurements.



are reported as precisely as possible. Any nunerical val ue, however,

I nherently contain O certain errors necessarily resulting fromthe d9aikad#7d
deviation found in their respective testing neasurenents. .9 19-Jan-07 As
used herein, the term"netal"” neans those elenments that are in the d-block
and f block of the Periodic Chart of the Elenents, along wth those

el emrents that have netal -1like roperties, such as silicon and germani um
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in varying lengths and dlameters namely, about 1 millimeter (mm) to tens of centimeters

(cm) length and from under about 0.1 to over about 100 um in diameter. One useful form of
) VGCF has a diameter of not greafér than about 1 pum and a iength of about 50 to 100 pm, and
possess a thermal conductivity of about two or three times greater than with other common

carbon fibers having diameters greater than about 5 pm.

It is difficult to incorporate large amounts of VGCF in polymer systems and interface
components and systems, such as the hydrogenated rubber and resin combination already

discussed. When carbon microfibers, e.g. (about 1 um, or less) are added to the polymer they

I

do not mix well, primarily because a large amount of fiber must be added to the polymer to
obtain any significant beneficial improvement in thermal conductivity. However, we have
discovered that relatively large amounts of carbon microfibers can be added to polymer
systems that have relatively large amounts of other conventional fillers. A greater amount of
) carbon microfibers can be added to the polymer when added with other fibers, which can be
added alone to the polymer, thus providing a greater benefit with respect to improving
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obtain any significant beneficial inprovenent in thermal conductivity.
However, we have discovered that relatively |arge anounts of carbon
mcrofibers can be added to polyner systenms that have rel atively | ddikn-07
amounts of other conventional fillers. A greater anount of carbon

m crofi bers can be added to the polyner when added with other fibers, which
can be added alone to the polyner, thus providing a greater benefit with
respect to inproving -10 19-Jan-07 thermal conductivity of the thermal
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60°C. Thermal interface components that have melting points in this range are PCM45 and

PCM60HD - both manufactured by Honeywell International Inc. Polymer waxes are

typically polyethylene waxes, polypropylene waxes, and have a range of melting points from
0  about40°C to 160°C.

PCM45 comprises a thermal conductivity of about 3.0 W/mK, a thermal resistance of

about 0.25°Cem?®/W (0.0038°Cem?/W), is typically applied at a thickness of about 0.0015
inches (0.04 mm) and comprises a typical softness of about 5 to 30 psi (plastically flow
under). Typical characteristics of PCM4S5 are a) a super high packaging density — over 80%,

5 b) a conductive filler, c) extremely low thermal resistance, and as mentioned earlier d) about
a 45° phase change temperature. PCM60HD comprises a thermal conductivity of about 5.0
W/mK, a thermal resistance of about 0.17°Cem®W (0.0028°Cem?®/ W), is typically applied at

a thickness of about 0.0015 inches (0.04 mm) and comprises a typical sqﬁness of about 5 to

30 psi (plastically flow under). Typical characteristics of PCM60HD are a) a super high

) packaging density — over 80%, b) a conductive filler, ¢) extremely low thermal resistance,

and as mentioned earlier d) about a 60° phase change temperature. TM350 (a thermal
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5 b) a conductive filler, c) extrenely |low thermal resistance, and as
mentioned earlier d) about a 45 phase change tenperature. PCVM6OHD 19-Jan-07
conprises a thermal conductivity of about 5.0 WnK, a thermal resistance
of about 0.17CcnR2/ W (0.0028Ccn2/ W, is typically applied at a thickness of
about 0.0015 inches (0.04 mm and conprises a typical softness of about 5
to 30 psi (plastically flow under). Typical characteristics of PCV6OHD are
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ddi t
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wet ting agen Into t onponent
anhydride wax. The rubber-resin-wax mixtures w111 ﬁmctmnally form at a.temperature

) between about 50 to 150°C to form a crosslinked rubber-resin network.

It is also advantageous to incorporate additional fillers, substances or particles, such
as filler particles, wetting agents or antioxidants into the thermal interface component.
Substantially spherical filler particles can be added to the thermal interface component to
maximize packing density. Additionally, substantially spherical shapes or the like will

5 provide some control of the thickness during compaction. Typical particle sizes useful for
fillers in the rubber material may be in the range of about 1-20 um, about 21-40 pm, about
41-60 pm, about 61-80 pm, and about 81-100 pm with a maximum of about 100 um.

Dispersion of filler particles can be facilitated by addition of functional
organometallic coupling agents or “wetting” agents, such as organosilane, organotitanate, -
) organozirconium, etc. Organotitanate acts a wetting enhancer to reduce paste viscosity and to

increase filler loading. An organotitanate that can be used is isopropyl triisostearyl titanate.

-12-



Substantially spherical filler particles can be added to the thernmnal

I nterface conponent to naxim ze packing density. Additionally, 19-Jan-07
substantially spherical shapes or the like will 5 provide sone control of

t he thickness during conpaction. Typical particle sizes useful for fillers
in the rubber material may be in the range of about 1-20 pm about 21-40
pm about 41-60 pm about 61-80 pm and about 81-100 pmw th a naxi mum of
about 10@ generaDitspers bHorgadotitarateds ROATIOXRYS where RO if adiydrolyastde gloypaddi ti on
of functi,qnal,,0rgan tal.li ¢ coupling agents or "wetting" agents, such as
organosW%@d%Fﬁe%%‘fe%Hf’%égoﬂfP anozi rconium etc. Organotitanate acts a
-wetting enhancer to reduce paste viscosity and to increase filler |oading.
An or ganot i tAamiekilaits ahayCalso be addeddo fihibit ooyl arldrthéraos deatdatioh iof @rat .

- -12 19-Jan-0§ The ge e% | structure of organotitanate is RO Ti (O RY) where
RO i's aC¥RARIBPSFAShIPE S&l ﬂ]&,rm%lrfate%%rf&mpoav ‘bymiend useiyh agtiosidants dRdidss |

Ant | DXi HBRES 107 aaahaﬁolg?p@&dﬁgm{oﬁ 5551%%n§§)[pg,?¢at LR BD 1R BBl feqr adation

of the <cured rubber gel or solid thermnal ace conponent. Typi cal
usef ul %hiavalablgaram GibeGiegy of BawthgmeoN. Y.Olypicabcysh ecnsleratyys énobudeltentjaryox 565,

an am ng .t at. . ab 01% ab 1 9 avail abl e from Ci ba G egy
of Hamﬁ%?ﬁ?d]\é@‘dﬂ%ﬁé%% ' eékag%t(’:o f%@%%“r@té W/%’)ude tertiary am nes such

as di decyl anet hyl am ne, (at about 50 ppm 0.5 wt. 9% . At |east one catal yst
may al so be Aadebstoteccatdiyst rfag mivalbe added td the ehezmaliateefate componelin bxder for onot e a

crosslinking or chaj.n reaﬁt.i on het ween tt]]g aﬁ | east e rubber_ conpound,
the at POMPEGrossHiakiagior ¢hrindragtion feivaen e 8 feast @re,mber RPN dhR & | al | or
al | ¢ hriegt ofdSantifi@ fbshie R af Jeakidhe pBASE ch&E Ma¥estial, oFBAAFed. NAL uH BSlANGR OF

condition that not abfy affects the rate of a chemical reaction wthout

i tsel f @ regtadysh suaens that sybsiency or aepditiontbati notably plferdrethe cate af ¢ shemigely be

I nor ganj.g.,. | Ce a1 . LG a | i des.
A o gitipg Wk itseftbohe QAL o: Walio e SIRRGI e PERalES By 1R

cat al ysihergarie) ocganicg op h abmtiinetitrook argrmicsgrotpyeant noasldlalidds. iAdthangtatheylarel n ot her
cont enpl at ed. enmbodi nent he catal yst i, s an_organic id uch S

o ool S, B teat Ciufigt i & bapesdl 16 cORPBlehE apitoiiagie, fec.

pht hal i GialyseRAGIa6id. Adiodhes ,conte;&lgiaﬁad eBBbditdeh; ths ba@lykCis aR REMIcHcRR K¢k, am no
acids and sulfonic acid. A nethod for formng the_ thermal interface
conponeaitcarberydicl apstie, fhmnis; benaeiggsalieylie, digarbqxyBesiafpligy phthalie; sehacisradiriat ur at ed
r ubber -0r Qv di . : ssliinker or 3 crosslinker
conpoun(ga%%ﬂ%ssp%ﬁg’%\&ﬁgg@%??wg%&E:i? %ggﬁu?gﬁ‘g%gldf he at | east one

sat ur at ed

A method for forming the thermal interface components disclosed herein comprises a)

providing at least one saturated rubber compound, b) providing at least one crosslinker or

0  crosslinker compound, such as an amine resin, ¢) crosslinking the at least one saturated
rubber compound and the at least one crosslinker or crosslinker compound to form a
crosslinked rubber-resin mixture, d) adding at least one thermally conductive filler to the
crosslinked rubber-resin mixture, and €) adding a wetting agent to the crosslinked rubber-
resin mixture. This method can also further comprise adding at least one phase change

5 material to the crosslinked rubber-resin mixture. As discussed herein, liquid and solid
thermal interface components can be formed using the contemplated method, along with
tapes, electronic components, semiconductor components, layered materials and electronic

and semiconductor products.

The contemplated thermal interface component can be provided as a dispensable

) liquid ‘paste to be applied by dispensing methods (such as screen printing or stenciling) and
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rubber conpound and the at | east one crosslinker or crosslinker conpound to
forma crosslinked rubber-resin mixture, d) adding at |east one thépdan-0y
conductive filler to the crosslinked rubber-resin m xture, and e) adding a
wetting agent to the crosslinked rubber- resin mxture. This nethod can

al so further conprise adding at | east one phase change 5 material to the
crosslinked rubber-resin m xture. As discussed herein, liquid and solid

t her nal thentered as destedphranhlso baprobided ay arkighlydongplitiite cired) teb3hnget &tin bt hod,

al ong wi,th .tapes, ..el ectronjc. conponents, senicopdugctor .c nents, ,l ayered
mat or | aPeLRE BBl FaiAnon e T AR UER 87 Dot Skt ¢ & corfitheL PR BB od

t her mal adddr6diicas s & 85 2EIeHliqEIhA RaP bONpiedioAtrcddi byRAH SARIbR: disjelthg] paste
to be applied by dispensing nethods (such as screen’printing or stenciling)

and - 1method.j Exerpfurther, e thegmaliintesfage eompanent|can ba preyided ape tanedhatganibas a
hi gh ok i i t f -applicati
o ort TR Ry (6 WiEeoo SRR MRl e Bhn GRSy | DY P LR R

can further be provided and
produced as a soft gel or liquid that can be applied to surfaces by any

sui t abl e di speilbistrgte sewrilcnnbotiingmts’ afr théthermal Hatetfheer comiponerts raf mmebee offponent
can be provided as_a tape that can be 5 pl.jed. directly to interface
cart ace Sl F Prdetedi e hE Corttprests ABRHbELelSY biruiBATNERE o ¢ ne
t her mal Fi misehdigal Hohp eibida] the peopettieh ef th@fcomgmaﬂseﬁclmg:vi@é&nﬁr sduey m Xi ng
t he conPonents descrjbed in bel ow Exanpl es t hr oug F. As indicated in

C

h }
the tabfos®,; thenmal ynpsdanes, aodylus phastigity, aad thespal cppguctivithaye glse sperted;, product

form thermal inpedance, nodulus of elasticity, and thermal conductivity

are @l so reppid &dmples HAEWR X ¥e SRR bR BtfonANSIdRonSTE. £, Mtiok{dgntoPt i Onal
additions, e.g., antioxidant, wetability enhancer, curing accelerators,

vi scosi wytabilitienbarcenpaining aggetkrajersswsdopily redueingiagentsiaad cepselinking aids. $he h

P R0 ot B, A oRRE bVt BYPY B AP Lo SRSBE i T
(filler gqmbwmgbapm&ghig)e; mﬁmb@ Wy, %mhﬁlg?eup ababout095%s tgf tbdl ((ﬁ]lefzt pltal 2) ;
ant i oxi t about .0.01 to 1% (of 5 tq . curing.acce erafor, ahout 5
0. BTSN WO erhRGEDarY O ol e Rt BiADh PRGN aow-00lsk; [Aret
cross {blﬁdl;‘guﬁai a%céltg%r a@oafs@o/ﬁfmifo.;m habevBesng rddiGingdgld Gbugb ) east
ignificantly increases thermal conductivity. -14

about 0.5% carbon fiber signifl T
19- Jan- 85%; and crosslinking aids about 0.1-2%. It should be noted the addition at least about 0.5%

carbon fiber significantly increases thermal conductivity.
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Conposition (by wt %9 A B C D E F Hydrogenated pol ybutyl ene nono-ol 7.5 6.3
10 11.33 5 18 Hydrogenated pol ybut adi ene di ol none none 2 none nonel9dmel7
Paraffin Wax 3.1 2.2 none none none none Al kylated nel anine resin
(butylated) 1.7 0.4 1.33 2 1 4 Oganotitanate 1.5 1.0 6.67 6.67 4 8

Sul fonic Acid Catalyst 0.1 none none none ,one none Phenolic Antioxidant
0.1 0.1 none none none none Al um num powder 86 90 80 80 none none Silver
Powder none none none none 90 none Boron Nitride none none none none none

70 Pr o-e'rm,r Ferm—Tape—Fape—tgui-drbi-gui-g—Liguid—Ligqui-d-Thert e

(oC cny W .25 0.B 0,35 Terrral plu0|V|y( m QC) 3.0
5.0 2.8 zs 2§8°S%§"%savu| s of H asficilt % Pa_300000 z‘t’? 0 E00b00 3 3000
280000 270000 Viscosity, Pa.s NA N A 2(0 160|150 220 Ano1 her sui t abl e
i nterface Rykegenaigf pebduivises mneeluced/ Priepar e®f t hat 1@onpril$ds|at 5| east 18 one
sol der Jmaterral. Contenplated sollder nafjerialg are sglecteg rm order t

provi de theHydﬂ@mareepblymhdmnagolpm nt aonel thasﬂaral trzansfeﬁon@h I adat €f 1 SbdeCSl.

Cont enptated—sotders—are——setectetd—to—+rett—nithe w?pcrat H-e—orgre—of
about 40C to abogl.,2bQ%, | N sonme lcontenpl aj£d e;ln? rT'Fongs Lhe sol der
materi als conprise a pure netal |such ag indi ead| silver,
copper,| ant| al | um tell ur um_ bilsnut h, al l oyjconpr|sing at
| east one q}c%‘ﬁ!é“ela%‘fné{ﬁ“ﬁ@é‘w *Rent| oddd et s. Ilr'l33 re Zont enbl af ed*

enbodi nents, pure indiumis selected as| -15 19-Jan-pP7 thg solder
materi gl , since Ofgadhtitanag nel ting poilst of About 6HB6C &.67 t hese epbodi ngnt s,
i ndi um [cambe-Teadrty etectrodeposited—fromefectrotytes—cpntarnrng—ingi um

cyani dd, i ndi wWirdid ARI@RaLe, | ndijumegul faggke | angior | i pgdi um syl f Bt g, Ofce

t he indJ—«m—Ls—pLai-ed—gut-e—uLa_hea%Apu,adm alayer of almaterlal sich

asanqble rretgllﬁnog.n | ow ten tuge silicide fprner - sugh as
o1 0

silver,| platin d%‘& um -y %Cover theli d8ium | %9%r | i ¥%r HeP % o

contr oJ i ndi um oxi dati on when exjposed to air| Platihum and pall pdium dre
good cHoi ces f olumipyngpowder 86 90 80 80 none none
Silver Powder none none none ' none 90 none
Boron Nitride none none none none none 70
Product Form Tape Tape Liquid | Liquid | Liquid | Liquid
Thermal Impedance (0C cm2/w) 0.25 0.18 0.25 0.25 0.3 0.35
Thermal conductivity (w.m/oC) 3.0 5.0 2.8 2.8 2..3 2.0
Modulus of Elasticity, Pa 300000 | 270000 | 500000 | 300000 | 280000 | 270000
Visccssity, Pas N/A N/A 200 160 150 220

Another suitable interface material can be produced/prepared that comprises at least

"one solder material. Contemplated solder materials are selected in order to provide the

i 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 indiuin, tin, lc;,ad, silver,
copper, antimony, gallium, tellurium, bismuth, or an alloy comprising at least one of the

previously mentioned metals. In more contemplated embodiments, pure indium is selected as
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| ayer material, because they are |ow tenperature silicide formers. M xed
silicides that have a |ower formation tenperature may al so be usedl1943an-07
t hese enbodi nents, including palladium silicide. The |ayer of material is
understood to be a "flash layer" on top of the bulk indium plating |ayer,
and at | east one of these "flash |ayers" can be coupled to the plating

| ayer. The |ayer of nmaterial can also be coupled to the silicon when the
sol der thekeldérainatesall sihteoekhs 4 meltimgdwinttof abotit B55°GN Iaxihee émbddxméntgnd to

pr onot e ondln at the SI| rface. As nenti.oned earli er, er
cont enpl P‘@cFaE P deadiligleste QSIP?a %18‘3‘5‘113{‘8%/%0“{%{1% é}?‘ﬁumﬁb’aaltl@% ¥ ¢ he

heat Sﬁfu%%ﬁfe 1n-5ﬁﬁn A Bt BHIR)r 1iRdiSm YgMe.| Onbd @S %&ﬂ:ﬁt&?ﬁ{eﬁtoﬁfb @ghedi ments

5 may be dilute alloys and/or those allwﬁs that are sitTicide forners, such

as pal Ispugrdan; a lyertof aumateriabspel as auibld me amdmdnwtqmpmaummgwlebufgmer
Condent S a5 BRlale? R8T BB ST JnE HBbH This B T8 “B8holor ¢ e

al | oy. ihdiumtdxédationwlenpekpésed te rxhodmtmhs and patladiuhoyrei gwklwﬁe&esaﬂ)rehlenent
rraterieil, Sdor corrp sition that, roves é@&g\e b|||ty ‘of the

al | oy t&°f & FRGTeRE PocepTodRIoRe 10 enicening sijdh papidenthptfiage a

appl i cagw&@ forth I A¥PEratue muk talsd el dsky uPﬁwEé‘éin?éduﬁ)!ntQ OiHE’l'hﬂl%g?pallécﬁiﬁ-HC' ng the
anount of surface oxides. Suitable elenents that I nprove wettability are

gol d, dedm ulrhe laysp af mategipl isrnderstoed ppls a "ﬂasb rhayen’atvtg@meﬁéhe bl m;isum m
| I b 1
'? Znt)i'a:J l%&’%%ﬁ%}m 1\9?152?1%(8% thes?uﬁgés%tqg%éﬂé anﬁ?le k@\%’le'a&'?gr zﬁ%{&% L@ﬁe sol der

or sol d@rer basattrinhemmado tadoapled|to drsilivendepashd sldérmateryal mlfdﬂevVed;f1nf or ns
and in acgey sui tabl e nner, I ncl udi Pr%’g{od‘%BOSié t he terial as a paste or
as a pOFET HEAches Fhexid taPQI\QOErH@° BHng At b gF Ce.hy printing the
solder in liquid form ar attachlnfqa preformof the material to an

under | yi ng $paertioned e@i%re & copfempiafedsaldgy materials Kpmpprise ateysolbrk &8 it i s
under S?g;ﬂéh sfd e ﬁea{"%ﬁ aaidglav'ﬂl@aqoryg{aﬁéﬁa‘fseﬁs\éd I Gasd M&HI%I e @ﬂUG&ﬂn¥ht§y as

conpar to conventl t her ma esi ves and ot her Aer mal layers.
Addidt i cmwlbelchly@r&lpysmd}‘pr dwse allestsdhdt aresstlicidel foinems, dich asa]allmhumopldmuad

dlrectl b#g’%’é -Q07 the thermal |ntercc dt thou t he use
ot o B oAl SRR, hon. At ookt bR G in eS0T e
oxi des calcivi eComéBplail TonceHEitions of théb'e&&lloyslﬁedldtbé albb@tdlﬂt)QJpﬁIhﬁ) abb’(ﬂ&‘!%m

spr eader..
- of the alloy.

In other contemplated embodiments, the alloy includes an element, material,

) compound or cbmposition that improlves the wettability of the alloy to the heat spreader. It
should be understood that in this application, improving the wettability of the alloy comprises
reducing the amount of surface oxides. Suitable elements that improve wettability are gold,
calcium, cobalt, chromium, copper, iton, manganese, magnesium, gallium, molybdenum,
nickel, phosphorus, palladium, platinum, tin, tantalum, titanium, vanadium, tungsten, zinc,

i and/or zirconium.

The solder or solder-based thermal material can be deposited in any number of forms
and in any suitable manner, including depositing the material as a paste or as a pure metal and
_ deposting the material by plating, by printing the solder in liquid form, or by attaching a

preform of the material to an underlying substrate.

) ~ Once the thermal interface layer is deposited it is understood that it will have a
relatively high thermal conductivity as compared to conventional thermal adhesives and other

thermal layers. Additional layers, such as a metallized silicon die can be soldered directly to
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Yet another suitable interface material can al so be produced/ prepared that
conprises a 5 resin nmixture and at |east one solder material. The A8dam07
material nmay conprise any suitable resin material, but it is preferred
that the resin material be silicone-based conprising one or nore conpounds
such as vinyl silicone, vinyl Qresin, hydride functional siloxane and

pl ati num vi nyl si | oxane. The sol der material may conprise any,suitable
'SO|dder thie tigetin | mall intefoofiect &yfﬂdam‘_ t fhieaisé mbyddmg bﬁfﬂ:lri_alﬁras ﬁﬁgﬁi\fel fluged udi ng

i ndi um ,silver, copper, alumnum tjn, i smuth, galljum and all oys

t her eof BEAGTRY, bp TGt d r%‘b‘ﬁeﬁ’x}&érﬂi tag W@Pﬂl&o%ﬂés 2aksl, fseA tooRrpdyep thy o
preferr@dmidigfreddse sol der, material conprise indiumor indium based
conpounds. The sol der-based interface naterials, as described herein, have
several advantages directly related to use and conponent engi neering, such
as: - a) the ipiQnbieultBlIE teklcP RlayhRI canSRbde rprmt:@d/p@haremap&mﬁﬁ& g0 fill
gaps_on the order of about 2 mllinmeters or smaller” ahd very 5'small gaps
on the Bpidenixbre asdorideast orel soldsr matenipl eFhe rpgin tateriahmey tommpriseeany sitiggblepol yner
sol der |t er. A leCl valransfer . t ik se verv .spal | _gaps as
wel | asreggrng%éﬁ%a&p@?& 15%}#%@&%’:5%15 6%%11\/%11_?%2*0%&1&5% P%ﬂ'gfgseﬁactoglp ﬁ?}ﬁ% ,° R c) the
i nt er f ameremedrepduads purhy e vingb kiliesneyairgl | @ lresirg rhydbide efasdtiopal silbaamonmt ed i nto

mcro c onent s, .conpopent §.used for satellites, a smal | el ectronic
ComponehPRRIRE HIGHAE A i HYCH AL GBS SHiehls S el <,
especi ahd hobd BRRIcRAIRIeEGILRE, 0 tletat OMElUARS | Gum! BRYerTBYprRE, SARRAVA, tin,

appropriate thermal fillers can exhibit a thernml_ capability of l ess than
about obismuthpgatliym anshplleys thereqfngilvey eestasdecoppaeindesilvpeedatndrrdirpiaues butfie

mat er i ] f1er FRlm GGkt ling inIC

devi ce?sl%%%%ésd etﬂﬁﬁ%eﬂsﬁg{egﬁgfe%%%mﬁégl ns W|8]i lﬁhllgir?l gbsagg(? {:Aﬁﬁ&fu%x%or m a soft gel
upon heat activation. i Interface materials and pol yner sol ders conpri sing
resins, sucHhllassodderbasedenteefacen materials] as described Hereing baeedsavatal adeantages nal
grease can be.in . use and will not display jnterfacial . del am nat.ion during
her mal SRSHY felgySd e Andpoparentmettsiinga fush 3% B iterfacs Ml BV ESY || qui o
past e tglde nppial &6 bYisél tdFRNGIpE 6n tRloARE of &ddt 2 AeMinftireor asalldegidved. [t can
al so be provided as a hij hI%/ conpliant, cured, and possibl i(m(l:ross-l i nkabl e
el ast onmalk gapmosthes prdex of ¢hout 2 mailsg5smallen bhihe dntertaseanatgrial/polimmessalder sych as
heat si : L s ' . aa@ s Wes )
conductlﬁ\g/tl% ?§%¥%g¢€%ﬁgﬁﬁ?E%%B%%£¥®§%%@ S%EI érgé[rysa%s?yé at'a 5 %%esr:g'a Bout <e4 w nC
wi | | bemustednveBionabresligr, materidls; adés) the dnterfach anaterial/polytner salfdermaateriabean t han

about Oe \é\gm y i}lho%or}rgtled into micro components, components used for satellites, and small

electronic components.

) ' Resin-containing interface materials and solder materials, especially those comprising
silicone resins, that may also have appropriate thermal fillers can exhibit a thermal capability
of less than about 0.5 cm? °C/w. Unlike thermal grease, thermal performance of the material
will not degrade after thermal cycling or flow cycling in IC devices because liquid silicone

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

i Interface materials and polymer solders comprising resins, such as silicone resins, will
not be "squeezed out" as thermal grease can be in use and will not display interfacial
delamination during thermal cycling. The new material can be provided as a dispensable
liquid paste to be applied by dispensing methods and then cured as desired. It can also be
provided as a highly compliant, cured, and possibly cross-linkable elastomer film or sheet for

| pre-application on interface surfaces, such as heat sinks. Advantageously, fillers with a
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conductivity. The interface material enhances thermal dissipation of high
power sem conductor devices. The paste nay be fornmul ated as a m xture of
functional silicone resins and thermal fillers. Avinyl Qresin is amg-Jan-07
activated cure specialty silicone rubber having the foll ow ng base polyner
structure: .Si Me2CH=CH2 01 Si M2CH=CH2 O0-3iN, R;O0 ?2 01l OSu-OSi-OSm
O O\ 00 SuS Vinyl Qresins are also clear reinforcing additives for
addition cure elastonmers. 0 Exanples of vinyl Q resin dispersions that

have at theasdl caliductivid0de Gea®s itinabEut\ERAdlRSretaBNSaMehst BEGR)4 W Wiibbe

(DVS- V46 Base and VOX-221 (50%in xylene Base). As an exanple, a

cont enpl B¥edd Pﬂlm@b’nét Isedgsire tcxﬂ"xgveea dlat df bet fesy thed abouf 40 vowsC th@mabonent

% by wei | F si.lii cgne 75 70-.97..r an t er m nat ed
si | oxane&t}{(}unylﬁ gglg %&ﬁ% eyl t8i el dissieg ﬂ?'% %%Y&hy@f)ware
functi Onsdnuﬁor(dﬂet&Odﬂsx&rbg.E)T@mﬁd Bk &k formiul B ae a Phidbird WMNfoneBdl Silcexane

20- 200 ppm Catcfl%%/ g The resin m xture can be cured at either at room

t enpet at 1856‘? g BlletSed  tenperatures to forma conpliant el astomer. The
reaction is via hydrosilylation (addition cure) of vinyl functional

si | oxanes by Awghiyl @@ rdsin st drPfHva®ll |cﬁfé3di‘)€éialt}n51h&ﬁ1e%€l§e?rlﬁ@ gfﬂl@folﬁ@&%l yst,
such as gaatl num conpl exes or nickel conpl éxes. Preferred platinum

cat al yst Basgpalymer shyigiee:0, S1P6832. 0, and pl ati num vi nyl si | oxane. -18
19-Jan- 07 Cont enpl at ed exanpl es of vinyl silicone include vinyl term nated
pol ydi net hyl '

SlMezCH— CHZ
(l) SlMeZCI-I— CH,

1 7S
o—si. A .;-0 | o—
(I) O—Sl—O—§1——O——?i\
, “Sis= 0 0
Si
i

O—

Vinyl Q resins are also clear reinforcing additives for addition cure elastomers.
0 Examples of vinyl Q resin dispersions that have at least about 20% Q-resin are VQM-135
(DMS-V41 Base), VQM-146 (DMS-V46 Base), and VQX-221 (50% in xylene Base).

As an example, a contemplated silicone resin mixture could be formed as follows:

Component % by weight Note/Function
Vinyl silicone 75 (70-97 range) Vinyl terminated siloxane
Vinyl Q Resin 20 (0-25 range) Reinforcing additive
Hydride functional 5 (3-10 range) Crosslinker
siloxane
Platinum —vinylsiloxane 20-200 ppm Catalyst
5 The resin mixture can be cured at either at room temperature or at elevated

temperatures to form a compliant elastomer. The reaction is via hydrosilylation (addition
cure) of vinyl functional siloxanes by hydride functional siloxanes in the presence of a
catalyst, such as platinum complexes or nickel complexes. Preferred platinum catalysts are

S1P6830.0, SIP6832.0, and platinum-vinylsiloxane.
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si | oxanes that have a nol ecul ar wei ght of about 10000 to 50000.

Cont enpl at ed exanpl es of hydride functional siloxane include

met hyl hydr osi | oxane- di net hyl si | oxane copol yners that have a nol ecull®&Jan-07
wei ght about 500 to 5000. Physical properties can be varied froma very 5
soft gel material at a very low crosslink density to a tough el astoner
networ k of higher crosslink density. Solder nmaterials, as previously

di scl osed, that are dispersed in the resin mxture are contenplated to be
any suit abl eCentkniplatadnexaniplés pbHrvinyheilitend rimdudappiny tdrminatedSpelgdiaethyl

cont enpl r o materials are 1ndi ' n). conpl exes, indipm
“silver ﬁé\xﬁg S'igitg%‘r’r%? ogescugaﬁgveéthg‘i@f)uﬁngbgﬂq%@@gd)ccgg 18] "EaEEUdS?XaPP%S gfll ver
copper bgdrdecfuastionSndAlane iriclude nistgthyidfosiioxak ditehsitbxahd eopdlynaBibit and
al um nu%based (of0) oung%g and SI I o§$. 0] t.hagse, especjally contenpl at ed
sol der RAYeet Malesular weiahp sbouiaDR te 2900 Physcat prapFitiss cth be yaRed Asomiar ot he

pr evioushty slesGkh | i | BRELL:P i el
filler par tg_i cl eg}%& %EQ@‘&?@E@%?&@P%%%@%C%%@Q@ t tg?nhwla%thg iller
particl ewsghnk dpnsiyent in 5 the resin mxture, then those filler particles
shoul d advant ageously have a high thermal conductivity. Suitable filler
materials in ILl.yer . ) S,thereof: boron
nitride, al u%lﬁ%%n?g aeirg’eass,& gﬁﬁ%ynﬂl%wrﬁg?’w eﬁrgslalgp %Jgér&)%lotg & lnc%lp i ,aré;i | ver
coat ed cadtemplatadn toche amy  $uitable Ssolden dnsteridd ofor fthé adesireio apyslitatior. h Sl S,

netal alloys,, conductive .polyners or .ot co site, materi.als.

ool NP EbIAEe [ MAEHRS B o, Gor GO S Ao ol AR

si |l ver/ coppletesahd glleysovﬂcﬁkﬁ%%aime?r&g}goﬁ:ﬁgrtwh1vepwﬁt bothpil¥es BH AT dd | de in
)

anounts of at |east about 20 wt al um num spheres i'n anounts of at | east
about 7biswuth egmplexesiard allays (SuBihAelaivwingm-based eampouadoand afloysm Of thessr e

parti cul . Lal . | .S i |.Sing a

parti cuf’%:e&guo’r %%g%#%gr 8029%%%%1#52%%@?%%)1%tgnzﬁ%‘{sha{ %/Ogl{%frggglr%olhm’/?i carbon fiber”
(VGCF) such as is available from Applied Sciences, Inc., ;5 Cedarville,

Chi 0. VGCF, As withdhdpraviously desetibehthérmabinterfacdungtetisls gndpdinponents,thambly heat

treat ne (thermal conductivi.ty = about 19 w/ Addj.t.i on of about 0.5
ot o Mg ahey 74 Birecsef b e ded Bitwer TeURETY SR PRULEY RS

condsict knél fe¥in mik@lieS tHeR MhosRr fllaViirtiohdal $houldnadvafitiigdogsly age Ashigh dhémalet er s;
nanely, about 1 mmto tens of centineters in length and from under about

0.1 to 6vskctaiiyutSuitblefiller materials iagludesilvery saprer. glymninuma andalipys tesreals of ' 0
not oregheh 4L, aRtihyd PheRe AubRel Biodle, J0U! colfed CofRR #Rbr 26

possesses a i
aluminum, carbon fibers, and carbon fibers coated with metals, metal alloys, conductive

polymers or other composite materials. Combinations of boron nitride and silver or boron
.0 nitride and silver/copper also provide enhanced thermal conductivity. Boron nitride in
" amounts of at least about 20 wt. %, aluminum sphéres in amounts of at least about 70 wt. %,

and silver in amounts of at least about 60 wt. % are particularly useful.

Of special efficacy is a filler comprising a particular form of carbon fiber referred to

as "vapor grown carbon fiber" (VGCF) such as is available from Applied Sciences, Inc.,

5 Cedarville, Ohio. VGCEF, or "carbon micro fibers", are' a highly graphized typé by heat
treatment (thermal conductivity = about 1900 w/m°é). Addition of about 0.5 wt. % carbon
micro fibers provides significantly increased thermal conductivity. Such fibers are available

in varying lengths and diameters; namely, about 1 mm to tens of centimeters in length and
from under about 0.1 to over about 100 pm in diameter. One useful form has a diameter of

0 not greater than about 1 pm and a length of about 50 to 100 pm, and possesses a thermal



conductivity of about two or three tinmes greater than with other conmon
carbon fibers having dianeters greater than about 5 m It nmay also b
advant ageous to incorporate substantially spherical filler particl esle%'{?n'w
maxi m ze packing density. Additionally, substantially spherical shapes or
the like wll also 5 provide sonme control of the thickness during
conpaction. Dispersion of filler particles can be facilitated by the

addi ti 0 ent S or ents,
uch aSouls R Gt diRPlsRlIREP R Alrehir GBI DR PTRIN Gy otk

or ganonidngdtdrs greatifah ABoutdgent s, especi al ly organot itanate, may al so be
used to faci Iitate nmelting of the solder material during the application
process. i ca artldlé{e sizes useful for flli@frs in the resin material J
may be in t P}é & s adypriagecys oingorpiatersulstagtiall shesica ﬁgﬂtpwsgtfh To
i11ust rxﬁéxﬁnfz@%aél&‘{gaﬂéﬂsﬁﬁ A%dﬂiéHXler s@Jstaﬁﬁﬁmfﬁénm SapBY SPRE Giite b»iu falszsl ng the
conponents describ hr ough bel ow. "The exanpl es shown

i ncluderemnde spme ‘mmr@l Of ﬂleﬁblngfpﬁs durinlg cotnpaetiomn Dispersion ofvéitlerparticles eanhancer .

The a eral | the

st ol 1% Hli@led B ke R B indie o BlnbBline AEREIeeks of VBRI NGRS (| ¢,
up to abehlbs Ofginesilahqt drparbotitahbter ofghntzirt@sumsgte. vﬂieabugbmdmtﬁnhaaﬁ;ﬂfngabout
0.1to 5% (of total); and adhe5|o 0 ter abo g&lsto 1% ( of, total)
It shodEenth&SRestaly offrRotarRte. Ty alser el‘E5£D CIGe Spldgr getprial

si gni figgang he g@ﬁé%ﬁ?ﬁo&?&rw m‘g&ﬁfdfétéliélsWeﬁnTﬁ? AR S resll AMefd10W
vari ous physi co-chem nts for the contenplated m xtures.

Exardp| enak b iCtHe renge of abbut 1320mmmmmmmwebm1eo pmS 5 555 4 4

Organotltanate43033333 InSn 92 92 82 InA 63 In 63 SnAgCu 92
82 SnBi 10_10, 25 . \Vbdu 25 15 15.20,23 25 30
2 25 i scdd ViR et iR aswamoﬁech& SRS 6% e o7 aiidotE 0”0

Ther m|coﬁp&1&ts]&s&1b€:d(in EﬁatﬁpllﬁAQhrbﬁngJ Bbélo®. The @xdfiples dwn include one or
more of the optional additions, e.g., wetability enhancer. The amounts of such additions may
vary but, generally, they may be usefully present in the following approximate amounts (in
5 wt %): filler up to about 95% of total (filler plus resins); wetability enhancer about 0.1 to 5%
(of total); and adhesion promoters about 0.01 to 1% (of total). It should be noted the addition
at least about 0.5% carbon fiber significantly increases thermal conductivity. The examples

also show various physico-chemical measurements for the contemplated mixtures.

Example A B C D E F G H 1 J
Silicone Mixture | 16 5 8 5 5 5 5 5 {4 4
Organotitanate 4 3 0 3 3 3 3 3 3 3
InSn ' 92 92 82

InAg 63

In 63 :

SnAgCu 92 82

SnBi 83 68
Al 80 10 29 29 10 10 25

Modulus (MPa) | 25 15 25 15 20 23 25 30 20 25
Viscosity (poises) | 1400 | 500 | 1200 | 450 | 1500 | 1600 | 500 | 750 650 {170

0
Thermal 0.3 0.15 {04 |0.14 |0.14 | 0.12 | 0.16 | 0.17 | 0.18 | 0.10
Impedence
(cm*Clw) '
Thermal 2.5 51 (20 |55 (58 (62 (52 |50 |5.0 6.0
Conductivity
(W/m°C)
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| npedence (cnkoC/w Thermal 2.5 5.1 2.05.55.86.25.25.05.06.0
Conductivity /m -20 19-Jan-07 Conponents organotitanate, |1nSn, |nAg;Jah07
SnAgCu, SnBi, and Al are presented as wei ght percent or as wt. % Exanple A
contains no solder material and is provided for reference purposes.
Organotitanate is functioning not only as a wetting enhancer, but also as a
fluxing agent to 5 facilitate nmelting of the solder material during the
appl i cati on qun@RSsts ofg otﬂ&leﬁ@ﬂn&pmglﬁll sngedQronBhesa Axaoptasnted & as

fol | ows: InSn = about 52% In (by wei ght5 and about 48% Sn by weight) with
a rreltl‘ﬁ‘i;}gﬁd’PWchﬁfaél?}Gu@ 118C, InAg = about 97% In (by wei ght) and about
3% Ag (by weight) with a nelting point of about 143C;, In = about 100%
Indium(by ' I Agly 5% Tin 0
(by wei Vﬁaa‘?e) AWCES)I%%? Iﬁ\ele%dmggyﬁ%?% ht d o&gt 2/3%%%%?%%%3\/\@ ght)
with a &mmqu@atepuufnnctmmnamtmnlmm wsnm eﬁlaatnnubut@ts%asmﬂmgg agenytet ) and
about %.Bl s oint_ of about 170C It
hotjsl d éﬁlgkprgéeiw%ﬁp% \éﬁld%%%[ na‘i“d1 aPL?I tgo pc,IS??ﬁsr'i sing different

- conponent percentages can be derl ved fromthe subj ect matter contained
herein. 5 Tﬁélemoldeewhptgitioamﬁmlwselemuﬂesearam follbWwawmSnExshopt £2% Aa tbby= about

150C for .about u F, and, | abo C for _about 30
secondaef #wbaRou dB% Ty HHER 4 TiebinsontelARed | BANAE L Hou 240
for abaty 80by Qﬁ&%ﬁi mﬁi‘ﬂ)oﬁpmtAgl@QQvelélﬁj with QUhelitth pRiMEIaDout H@3C;IR=Cader
conponents or S readlgrg onen heat s&eseader and heat " spreadi ng

are usedorer08inIndinre (osh weiglth with aalﬁélltln&@élnt pe 1 FaneSwhgEron ahew Fi%) Tglenﬁr ial Iy
SPUR oy %0%192%“%%”?%@%@%5@%@ SBRER 2B DrEPeS ) IHE § il °©

" mat elrl qionﬁaﬁalhmtls"é’dl EEBI.‘EF aboarsG&?/oI‘Iaa(by wqiglﬂ)aﬂﬂrablo?sm]l:/olagmﬁa (blyeveigtt)al Ord
nmet a e se materl a ca r or a t he eat gener at e
oy £ he B a PR TotT Rt e T shoplioh patedtied St i Loatporias

spr eadebmprising different component percentages can be derived from the subject matter

contained herein.

5 The processing temperatures are as follows: Examples A-E = about 150°C for about
30 minutes; Examples F, J and I = about 200°C for about 30 seconds and about 150°C for
about 30 minutes; Examples G and H = about 240°C for about 30 seconds and about 150°C

for about 30 minutes.

Heat spreader components or heat spreading components (heat spreader and heat

) spreading are used herein interchangeably and have the same common meaning) generally
comprise at least one metal or metal-based base material, such as nickel, aluminum, copper,

or AISiC. Any suitable metal or metal-based base material can be used herein as a heat
spreader, as long as the metal or metal-based base material can transfer some or all of the heat
generated by the electronic component. Specific examples of contemplated heat spreader

5 components are shown under the Examples section.

Heat spreader components can be manufactured, such as rolled or stamped, in any
suitable thickness, depending on the needs of the electronic component, the vendor and as
long as the heat spreader component is able to sufficiently perform the task of dissipating
some or all of the heat generated from the surrounding electronic component. Contemplated

) thicknesses comprise thicknesses in the range of about 0.25 mm to about 6 mm. Especially
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5 conponents are shown under the Exanples section. Heat spreader conponents
can be manufactured, such as rolled or stanped, in any suitable thil%Rae8s,
dependi ng on the needs of the el ectronic conponent, the vendor and as | ong
as the heat spreader conmponent is able to sufficiently performthe task of
di ssipating sone or all of the heat generated fromthe surrounding

el ectroni c conponent. Contenplated thicknesses conprise thicknesses in the
range ofretetred thiCkn2Ssesnof theataspeeatlertcompondap i wikHiy the Zhgd 9f dAbsut A7mnpteef er r ed

t hi cknesbses of heat spreader conponents are within the range of about ,1 mm
to abol*B WA method of forni ng contenpl ated | ayered thermal conponents
conprises: a) providing at |east one thermal interface conponent; b)

provi di ng atA leaséd @lﬁa’oﬁﬁlﬁ% copteapliRed ldyefedNROmARD compBtents colpadesal hy
coupling the th |nt ertface conmponent and the heat spreader corrponent
The theﬁfﬁ’ﬁfimgrﬂti?aﬁ BF0 Aeface LRERPERELHY AFOVdiRg atlpstcanspsaietrasderan be

I ndigvi I YA Vi

des cs‘xl be hg?rfeil ﬁﬂﬁﬁﬂymj\%%@\rﬁ%%ﬁtﬁs ar iéﬁy' aw&n?ﬁé?@%ﬁfl@{ e?g,h p#%éx ¥o

pr oducecompoagtr ed i nterface material. As used J herein, the term
"interface" neans a couple or bond that forns the common boundary bet ween
two parts of o e Lelfage rlse

2t Cachent Ve SefhelCnSR8E SeorBptdth gl FBY GEPRE: “5pRoBRS sEhie o

Ehyzl ?&hdﬁi@ﬁﬁﬁﬁf@pﬂebaﬁd\?ﬁﬁldemg u%&fgtﬂie ﬁfeﬂigai p&wloﬁgy@emg@ﬁgﬁ? | Tl udi n%
on orces suc as coval ent _an i onic ndl n an non-non orces SUC
as Van ercopmgnents arp thep physically coupled,fo awfl{?e a#?yarfeég@ﬁtfw@ﬁmtﬁgal afaperd

MRgNEt i erdh { 1hd ein® MintdrBRet WahO APORBR! &n baRI HEE Foridicle N@hfhdh HIEMad SO be
physically "~ coupled by the act of applying one conponent to the surface of

t he ot hietwesnripornaris of Matier eryapeced Ah dnteriice omaypronmprise aphyditadattasbmepidt ed to a
substr %h&swﬁ%%hﬁlﬁ rofsc{% ]é)%ﬁ? of Matter &Oéotﬂ& aénqg ﬁlr §Bh ﬁﬂ)fsmgpgtrt]r%nt or{]t }Soét\%ee@lt elgpl at ed

el ectr I'ses. a Strate
| ayer opaksaf mlaﬂ@:&ir cmmpomld; inblildﬁlkg bloﬁcy ﬁi;ces'ﬁh&l dsamarlad ahdll &fnﬁwuondmgnmﬂnent
conpri ses at s nt.and a t interface gonmpopent.
Subst rd%oé‘sboég ?ré?ﬁ:) et %Eyekewﬁﬂgew&%%shym%%%ﬁﬁ%&n%%ra| ly
sol id rlﬁ&g%ﬁ@'attrac?&’ft "Fh!é'ﬁsfo' Morﬁﬁo%bﬁt@bﬁsedésﬁﬁ%r Eér&n' ?rﬁsd/‘@é”]ﬂll ﬁ@dﬂ?” se
fil ms glass, ceramc, plastic, metal or coated metal, or conposift

mat er i aqouplledabpﬂsfa@t ofapplyi wempenent todhesisiaeq ofithe @tbmommaem

‘The layered thermal component may then be applied to a substrate, another surface, or
another - layered component. A contemplated electronic component comprises a layered
thermal component, a substrate layer and at least one additional layer. The layered thermal

) component comprises a heat spreader component and a thermal interface component.
Substrates cdntemplated 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-hased 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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silicon or germanium arsenide die or wafer surface, a packaging surface
such as found in a copper, silver, nickel or gold plated | eadfrane
copper surface such as found in a circuit board or package i nt er cohr
trace, a via-wall or stiffener interface ("copper"” includes considerations
of bare copper and it's oxides), a polyner-based packagi ng or board
interface such as found in a polyimde-based flex package, |ead or other
metal alloy solder ball surface, glass and polynmers such as pol ym ni de.
The " sUiybstralR eomprises ameterigbeatamomisndhe packeging end cipoityboard industridssichisen
consi de nore preferred enbodi ments, the -22
19- Jan- %@Qg %a§s§¥§ %g%%}?gggﬁgnﬁgterlal common in the packaglng and
circuit board industries such as silicon, copper, glass, and anot her

pol ymer . Addidditimal labraye]fsmuériatemw balcoum}l foethe daplr@ldimt@falctlmdta%r iad
|nterfac§ qaterla Qr der(%o conti nue er ed conp Fgent or

printed” IR PRHIS Pﬂdmgt Ipgerg ﬁ?@?ﬂfeﬁtoé@rm d cff&‘ﬂlgpﬂgda HiSCOBRERP Sy er s

wi |15 comgrthe addibéiil 13k Willnedniirist natdiakesinlliree diosdamead b @shetiigddetiersin,
|nclud|nq metals, netal alloys, conposite materials, polynmers, nononers,
clg

or gani diclading omstals, st g@l}% CORPOsited Snatesialia npeEmars) | BORURGIHURERNICY esi ns,
adhesi v, 0 ] ujde. t materlal
o of adar ROy Bl colifndt bisdl; Rrpoutis T, A0 ARG 21§
- dependi wayeeguidehmatepdi f i cati ons required by the conponent. Lam nates are
generally considered fiber-reinforced resin dielectric materials. C adding

materials ar lasyer %{"Pset atBI ALY Ba&eaa&dmatm%re alPdad! “Ce o0 tﬁ?ﬁa%? and

ot her materi-al suc PpEr ora ed |n e lam na

(S Harqogrmtg@aw inefénﬂse,deﬁlﬁﬁigr @emnihe sBaﬂﬁfagbmgegmb)d lb;ntsheramnm?ﬂi clmnhimtsdﬂbook,
econd Edition, MG aw New Yor 1 pl_n- ayers an

mat eri A 2eReRlk %sx%eéedaééﬁrcrexnéorﬁwereﬂameéalq rﬁ%fe%lac cladding matprialpgre a
subseq REK gga@ﬁltp honas,

" Spi n- @B& |t0 gg htnm@ er&Low @;ggi %nleﬁfs @ggﬂﬁi‘g%{i énag% S%}IIPSt a gé’rae‘r-cghnol ogy

(July Ztﬁmrpqratleducmtqaotthat @dnmatesr ei rfHamper, t €hagles | uAe,t ﬁl@yrone:f dlaskaging and
I f.t | i t I d
PO 50 Moo S BB RO B, LT e

incorporating the materials and/or components into another | ayer ed
mat eri al , arSpil-ec layersiand aoangrintemby also de addedits Medlapéred interfiice naterthiscdr.
; H ect ronbgeqﬁgnmgye?sm sS’puﬁcs)n Cs?aréfce ﬁrgst gr% tggéh by MichaeP %pelthomag “Spin-On

Stacked Films for Low keg Dielectrics®, Solid State Technology (July 2001), incorporated

herein in its entirety by reference.

Applications of the contemplated thermal interface components, layered interface

) materials and heat spreader components described herein comprise incorporating the
materials and/or components into another layered material, an elgctronic 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,

i separator sheets, dielectric components of circuit boards, printed-wiring boards, and other

components of circuit boards, such as capacitors, inductors, and resistors.

Electronic-based products can be "finished" in the sense that they are ready to be used
in industry or by other consumers. Examples of finished consumer products are a television,

a computer, a cell phone, a pager, a palm-type organizer, a portable radio, a car stereo, and a
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t hought to conprise any | ayered conponent that can be utilized in an

el ectroni c-based product. Contenplated el ectroni c conponents conprise
circuit boards, chip packaging, separator sheets, dielectric conpoh¥hns0bf
circuit boards, printed-wiring boards, and other conponents of circuit
boards, such as capacitors, inductors, and resistors. El ectronic-based
products can be "finished" in the sense that they are ready to be used in
i ndustry or by other consumers. Exanples of finished consuner products are

a t el eviegiogreontral.'cAlpgpoaiemplatedote "iptesmediaty" praguets suchoas eivcuif poards it zer, a
port abl g, f.a6i.0 : : : 5 te control.' Also
cont enp zg.(é‘ “a?‘%@k{}%?g?gng{g?%fg%gtrlﬁol&,l%ﬁgediﬁg gg %ﬁofﬂéﬁﬂ) boards, chip
packagi ng, and keyboards that are potentially utilized in finished
products. Elleatronrsi proguetd uweys alsaycoaipsise @opnotdtyes eoppaient, yapeanyostggenednt , at

f | f | | final | e- up/ nmpck- up.
Aot o 4% e L RS (B okt ST B0 e
in asficonsdiresl] of thelbethal cafghodenty iatebiadie a fajshEbpO SR EdGGiTPeIRe ity hivd ar e

constructed out of conposite material in order to negate their initial

ef f ect sSHRF HAUIRORERLy, tha 7as cansfrled oyl phgompasity Fpatsrial dB raader tEwagpe I D The
fol I ow pe xRl | Ghi : esting nechanismfor pre-
assenbl %ﬁ%lga?severﬁﬁ%t%%}%mo{?%?e\?g?tﬁaﬁggﬁpgl}@agﬂ'cI osed herein. The testing
paramnmeters and discussion uses nickel as a heat spreader conponent.
However, it should be understood that any suitable heat spreader conponent
can be used for this application and | ayered material. Also, PCM45 is used
herein in the GxRR! €s as a representative phase change material 5
conponent, However, it should be understood that any suitabl e phase change
mat eri al . conponent can be used according to the subject matter disclosed
hered n. EXANMPieEolloBAG examRpBSEHoRE barc ASSENBE YandEeginpVEthapsa farureel |

refrigerator. Proper fixturing for.]ogating.the c nent and pressj ng of
e povFRRnE e Oer of b Midel? miefliels 214580 nbeB © HE DRERE SfARCHCER! (D) D
ni tril edigduesiiBuses Afvkel dxeyheat sprelepéompdhent. However, it should be understood that

any suitable heat spreader component can be used for this application and layered material.

C

Also, PCM45 is used herein in the examples as a representative phase change material
5  component, however, it should be understood that any suitable phase change material

comi)onent can be used according to the subject matter disclosed herein.
ExXAmMPLE ]

BASIC PROCEDURE FOR ASSEMBLY

)  EQUIPMENT

Heat tunnel, refrigerator.

Proper fixturing for locating the component and pressing of the PCM materials.

SUPPLIES

Latex, non powdered gloves. Do not use (blue) nitrile gloves since they will stain Ni
l plated surfaces.

Wipes

Isopropyl alcohol
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| plated surfaces. Wpes |Isopropyl alcohol -24 19-Jan-07 MATERI AL Heat
spreader conponent 5 Pre-cut PCM material or suitable phase change19-Jan-07
mat eri al per specifications of the vendor and/or manufacturer. Fixturing
(specific fixturing, preferably nylon, for the conponent and PCM materi al)
0 SAFETY AND ENVI RONVENT Safety gl asses 5 When operating any type of
conveyor, always nake sure hands are clear of any pinch |NSTRUCTIONS O
Pul | a 32 piece random sanpl e of the conmponent for outgoing inspection
prior tMA%&)E ng PCM material. Use only a phase change material that has
passed the inspection criteria simlar to 5 those discussed herein; Start
wi th room t et sprhadse cohpongst mat eri al, such as PCM 45. |If the both top and
bottdmrel ease liners fall off prematurely, warmthe PCM material for >
about 0.5 hrPradcurlPOM m3efallon Suitabletphase chixezesndigial ptrespeififgions offthe | S great er

t han about Zkgdorinéfop mantfsetupltase change material to conponent per the
followng instructions: > The release liner is (short one preferably)

renoved to exPRSiRg (PBciBB TXBiring NREGRLIBLRI, B ek otPRh¥ntLREPERE Bhdedir) t O the
conpgnent. 5 > Locate the alignnent J'ig on the conponent, apply the phase
change material with light finger pressure. ,

SAFETY AND ENVIRONMENT
Safety glasses
5
When operating any type of conveyor, always make sure hands are clear of any pinch
INSTRUCTIONS
0

Pull a 32 piece random sample of the component for outgoing inspection prior to
applying PCM material.

Use only a phase change material that has passed the inspection criteria similar to
5 those discussed herein; Start with room temp. phase change material, such as PCM
45, If the both top and bottom release liners fall off prematurely, warm the PCM
material for > about 0.5 hr at about 30°C
Ensure that the substrate temperature is greater than about 21°C
Apply the phase change material to component per the following instructions:
> The release liner is (short one preferably) removed to expose the phase

change material to apply the material to the component.

5 > Locate the alignment jig on the component, apply the phase change
material with light finger pressure.

> Run through heat tunnel to bring the combination part to an exit
temperature of between about 48 and about 60°C. Residence time can
0 be from about 30 to about 60 seconds.
> Apply light finger pressure to PCM45 to ensure complete attachment

> Refrigerate to less than about —10°C for greater than about ten minutes

> Remove top liner
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> Run through heat tunnel to bring the conbination part to an exit
tenperature of between about 48 and about 60C. Residence tinme can [D9lken-07
from about 30 to about 60 seconds. > Apply light finger pressure to PCV45
to ensure conplete attachment > Refrigerate to |ess than about -10C for
greater than about ten mnutes 5 > Renove top liner -25 19-Jan-07 >
Visual ly inspect conbination part for defects > Load into trays 5 QUALITY
REQUI REMENTS  Sanpl i>agVRually infbetneyndidatienpitt fopdplestent after appli.cation for
| ocation and visual requirenments. Inspection Instructions. 5 At [X;

12"-14" fromthe eyer Lo&afoltbays nspect the PCM material to insure |ocation
and visual criteria. Accept/Reject Criteria. Visually inspect for any

def oSmati on around the edges of the nmaterial. Also re- inspect the

subst r alGADITYSRBOUIRBMENIr scratches-as per the relevant quality

wor kmanshi p standards for the conponent.- Note:. If this failure occurs, the
parts need to be left the refrigerator Ionger 1 Rework of phase change

mat eri al cong%gmgﬁgngl ication Phase change material conmponent failing

vi sugl inspection tan be reworked immediately. Using a plastic scraper,

remove the rel ect gl dhang GARNAG LSkl ANIENG, 58 TRAAS B

i sopropyl al cohol 0 T enov esi ve.
‘ Inspection Instructions. |
5 At 1X; 12”-14” from the eye, visually inspect the PCM material to insure
location and visual criteria.
Accept/Reject Criteria.
) Visually inspect for any deformation around the edges of the material. Also re-

inspect the substrate for staining and or scratches as per the relevant quality
workmanship standards for the component.

Note: If this failure occurs, the parts need to be left the refrigerator longer

Rework of phase change material component application

Phase change material component failing visual inspection can be reworked
) immediately. .

Using a plastic scraper, remove the rejected phase change material from the
component.

) Use isopropyl alcohol and a wipe to remove any adhesive.

Return to second step under Instructions where phase change material
component is provided.
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Return to second step under Instructions where phase change materi al
conponent is provided. -26 19-Jan-07 EXAVPLE 2 BASI C PROCEDURE FOR 19-Jan-07
ASSEMBLY EQUI PMENT 5 Heat tunnel, refrigerator. Proper fixturing for

| ocating the conponent and pressing of the PCM materials. 0 SUPPLIES

Lat ex, non powdered gloves. Do not use (blue) nitrile gloves since they
will stain N plated surfaces. 5 Wpes |Isopropyl alcohol MATERI AL Heat
spreade®EsaympBdent 5 Pre-cut pol yner sol der nmaterial per specifications of
t he vendor and/or manufacturer. Fixturing (specific fixturing, preferably
nyl on, I t | ymer sol der material) SAFETY AND
ENVIROJHgaépg% ety §§§é§§@Q%86%en operating any type of conveyor, always
‘make sure hands are clear of any pinch [|INSTRUCTIONS Pull a 32 piece random
sanpl e EQUIRBENTPonent for outgoing inspection prior to applying polyner
solder material. Use only a polyner solder material that has passed the

i nspection cHehihihmdl, $éHbérafor,t © those discussed herein; Start with room
tenp. polyner solder naterial. If the both top and bottomrelease |iners

fall of f prepRibf &liringRF Bkl tﬁgl:é{ﬁ%rneﬁ%gsfesﬁ?é §¢ th@bchPhaterials.

0
SUPPLIES

Latex, non powdered gloves. Do not use (blue) nitrile gloves since they will stain Ni
plated surfaces. :

Wipes

Isopropyl alcohol

MATERIAL
Heat spreader component

Pre-cut polymer solder material per specifications of the vendor and/or manufacturer.

T

Fixturing (specific fixturing, preferably nylon, for the component and polymer solder
material)

SAFETY AND ENVIRONMENT

Safety glasses

5 When operating any type of conveyor, always make sure hands are clear of any pinch

INSTRUCTIONS .

) Pull a 32 piece random sample of the component for outgoing inspection prior to
applying polymer solder material.

Use only a polymer solder material that has passed the inspection criteria similar to
those discussed herein; Start with room temp. polymer solder material. If the both top

) and bottom release liners fall off prematurely, warm the polymer solder material for >
about 0.5 hr at about 30°C
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about 0.5 hr at about 30C -27 19-Jan-07 Ensure that the substrate
tenperature is greater than about 21C Apply the pol yner sol der nmat er i%dlat-07
conponent per the following instructions: 5 > The release liner is (short
one preferably) renoved to expose the polyner solder material to apply the
material to the conponent. > Locate the alignnment jig on the conponent,
apply the polﬁ/mersol der material with Iight finger pressure. 0O > Run

t hrough heat knsaigdhat the substrage temperabiidisigeaates thapabeut2d ‘@Gn exit tenperature
of between about 48 and about 60C. Residence tine can be from about 30 to
about 60 secohpidy the palypiey sdldefhatbiial dreconmoass peethe doljpotipgrmstracioder mat eri al
to ensure 5 conplete attachnment > Refrigerate to | ess than about -10C for
greater than ten mnutes > Renobve top liner 0 > Visually inspect
conbifati on part for>d@hecdlsase indrda@honbxe prefarablyd) réthiiNed TY ektioQRHHBEMVENT S
Sanpling Plan. 0 | nspegblyate boldamaatito fblyahe markial@tthotoripphedtocat i on and
visual requirenents. Inspection Instructions. 5 At 1X, 12"-14" fromthe
eye, visually inspecy Loeatpdeytignmenljiigon thedodtpoaént] applyt the pokmepsoider on and
visual criteria. AccepiddigjabaithGihf @igefprefdurdl sual |y inspect for any

def ormati on around the edges of the material. Al so re- inspect the
substgate for stainipgRAAGBLgSNattn o BitngRRE cMBinktfRinSaRRb aqgt i Y

wor kmanshi p standards g5, d-hereGPBRNRENbout 48 and about 60°C. Residence time can
' be from about 30 to about 60 seconds.

> Apply light finger pressure to polymer solder material to ensure
5 ' complete attachment

Refrigerate to less than about ~10°C for greater than ten minutes
Remove top liner

>
>
> Visually inspect combination part for defects
>

0
Load into trays

5 .

QUALITY REQUIREMENTS
Sampling Plan.

0

Inspect each component after application for location and visual requirements.
Inspection Instructions.

5 At 1X, 127-14” from the eye, visually inspect the polymer solder material to

insure location and visual criteria.
Accept/Reject Criteria.

0 Visually inspect for any deformation around the edges of the material. Also re-
inspect the substrate for staining and or scratches as per the relevant quality
workmanship standards for the component.

Note: If this failure occurs, the parts need to be left the refrigerator longer

5

Rework of polymer solder material component application
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Note: If this failure occurs, the parts need to be left the refrigerator

| onger 5 Rework of polyner solder material conponent application 1928an-07
19-Jan-07 Pol yner sol der nmaterial conponent failing visual inspection can
be reworked imediately. 5 Using a plastic scraper, renove the rejected
pol ymer solder material fromthe conponent. Use isopropyl alcohol and a
W pe to renove any adhesive. 0 Return to second step under Instructions,
where pol ynmer solder material conponent is provided. EXAnNLES S BASIC
PROCEDURE FOR ASSENRnYr scidguint2drisl cdrgmhertt daitigg visvad hiispeiontcan be reGrofedper
fixturing for | ociamedjatelye conponent and pressing of the sol der/sol der
paste materials. 5 SUPPLIES Latex, non powdered gl oves. Do not use (blue)

nitril e gloves siUsifgkhb@stivbdripes irahivelthe reflct §olysisr kal@&SmatbHalfeSthe
I sopropyl al cohol gongpd¥BdtERI AL 'Heat spreader conponent Preform sol der or
-sol der paste material per specifications of the vendor and/or

manuf act urer. Fi X{ju REShdI 4hd bbb fé?ﬁ% y nylon, for the
conponent and solger/sg%f)‘é%r past eEl erirg??v‘%kg gjﬁD ENVI RONVENT
0 Return to second step under Instructions where polymer solder material
component is provided.

EXAMPLE 3
5  BASIC PROCEDURE FOR ASSEMBLY

EQUIPMENT
Heat tunnel, refrigerator.
Proper fixturing for locating the component and pressing of the solder/solder paste
materials.
5 SUPPLIES

.Latex, non powdered gloves. Do not use (blue) nitrile gloves since they will stain Ni
plated surfaces. '

0 Wipes

Isopropyl alcohol

5 MATERIAL
Heat spreader component

Preform solder or solder paste material per specifications of the vendor and/or
) manufacturer. '

Fixturing (specific fixturing, preferably nylon, for the component and solder/solder
paste material)

4

SAFETY AND ENVIRONMENT
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-29 19-Jan-07 Safety gl asses Wen operating any type of conveyor, always
make sure hands are clear of any pinch 5 INSTRUCTIONS Pull a 32 pié8dan-07
random sanpl e of the conponent for outgoing inspection prior to O applying
sol der/sol der paste material. Ensure that the substrate tenperature is
greater than about 21C Apply the sol der/sol der paste material to conponent
per the following instructions: 5 > Locate the alignnent jig.on the
conmponent, apply the phase change material with light finger pressure. >
Pl ace a wei gh$afety glessdsanp on top of the sol der/sol der paste materials. 10
> Run through heat tunnel (in nitrogen atnosphere) to bring the

conbi nati on p@hen bperatingeatiyttypecofisenayor; elwajs heltasmenhabioae cledbofamgt pirrhout
200C. 5Resi dence tine can be fromabout 2 to about 5 mnutes. Visually

i nspect conbination part for defects 5 > Load into trays Flux may or nay
not be upgSrRWCTIONS Ol der/ sol der paste applications. If flux is used, a

cl eaning step should be added afterwards in order to clean the flux off of

the 0 Corrponep,ma3 M&mﬁ) fbtﬂg?ﬂ?é fipectiBs H&ItoeaCh
conpogent aftag; dl&e?-}sb |on an Vi su i re nts 0
I nspectl on | | ons. 4" fromthe eye, VI sual l'y i nspect t he

0l der/ sol der it tgq{gégabsgatetén%e;a%gisegréa%r%& Bodsledsi sual criteria. 5

Apply the solder/solder paste material to component per the following instructions: .

» Locate the alignment jig on the component, apply the phase change
material with light finger pressure.

> Place a weight or a clamp on top of the solder/solder paste materials.
0 > Run through heat tunnel (in nitrogen atmosphere) to bring the
combination part to an exit temperature of between about 170 and
about 200°C. Residence time can be from about 2 to about 5 minutes.
> Visually inspect combination part for defects
> Load into trays
Flux may or may not be used in the solder/solder paste applications. If flux is used, a

cleaning step should be added afterwards in order to clean the flux off of the
0 component.

UALITY REQUIREMENTS

Sampling Plan.
Inspect each component after application for location and visual requirements.
0 Inspection Instructions.

At 1X, 12”-14” from the eye, visually inspect the solder/solder paste material
to insure location and visunal criteria.

5 Accept/Reject Criteria. n
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-30 19-Jan-07 Visually inspect for any deformation around the edges of the
material. Also re inspect the substrate for staining and or scratche-fa-07
per the relevant quality workmanship standards for the conponent. 5 As

di scussed herein, the thermal interconnect system thermal interface and
interface materials are beneficial for many reasons. One reason is that
the heat spreader conponent and interface material has excellent wetting
at the interface Desusginspévefdieny defprmeaiive aroing trepdpeantf taamatelial. Ahbes-f ace
mat erial, and thi $nspextéhref sabstate fnesthining and ondekatches aspdrhisd wiedaith@alitpost
extreme condi ti onworldnashipstindedsfon thesotdpahent.ne heat spreader
conponent/thermal interface material conbination disclosed and di scussed
herei n reduces the nunber of steps necessary for package assenbly by the
custdner - given that its pre-assenbled and quality checked before the
custoner receives it. The pre-assenbly of the conponent al so reduces the 5
associ ated costs on the part of the custonmer. Athird reason is that the
heat spreaders disumeddsicim it thbenal heatwnctingaehatermmtigeifade mantedagdesi gned
to "work together”, so that the interfacial .thernmal resistance is

mi ni i z QTS i‘lﬁé’egfa‘%éﬁlff%mé@hﬁa?f’&{si Sinegrasenas thapthe et spreadap enraprnestingd

ther mal ah@tiRfefREE niB: Rl | , A nwg,g | d ions of
t her nal aihﬂtlgfreconnect a%gg% ﬁ?@?@c?@gnﬁtﬁ? ﬁlgaglggdﬁave %gﬁnl%d?gagl%g% é.r It
should Isempprsat end theninirface matesial, nd dhis kintetfaadali wettinge isaatile tdatithstamchthenor e

nodi ficat | i .1 hos | ready descpibed ar 0ssi bl e w t hgut

departi %AS?E ri%%ﬁg ﬁg&iﬁ%é%ht gv%cé%cﬁ %&Eﬁns lsheflgﬁfr. ﬁefﬁ ° (f?é n%°F\P8n?ﬂ§}e€8?1

mat t er, ifthescefl materiali @ntbidatib® dizelosddegidr disduesdd extedptedutest the nifbéd of @épst he

appended cl ai ns. Myeover, in interpreting both the specification_and the
SSQ*)Z?‘PFBP%{%EE

cl ai ms, PEF355 | SO Ry Sheptustosys” et Reh¥rigare-sesepbled; deupbiiner
consi st @Rdclih Bgfol"elh:ﬁe EM et recelvls RAThE La@%em 6t theESHBporeRIR r2iktes A

“conprising” should be interpreted as referring to el ements, conponents,
or sPepesioniatednensiseste thes pate ofiether enstomenn diAc dtirdnrpasdnats thiak thecheat epreder

el enent ne r stens ne resent Mtilized, .or .copbined
i £ ot RerSfER BR{toE BhaShERed Biteh R B8 flanco, Miosk it 5o P le
r ef er endstefacia lthérdral aesislahce Gb Alidmized for the specific combination of heat spreader

component and thermal interface material.

D

Thus, specific embodiments and applications of 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 deparﬁng
from the inventive concepts herein. The inventive subject matter, therefore, is not to be
restricted except in the spirit of the appended claims. Moreover, in interpreting both the
specification and the claims, all terms should be interpreted in the broadest possible manner

i consistent with the context. In particular, the terms “comprises™ and “comprising” should be
interpreted as referring to elements, components, or steps in a non-exclusive manner,
indicating that the referenced elements, components, or steps may be present, or utilized, or

combined with other elements, components, or steps that are not expressly referenced.
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1. A layered thermal conponent, conprising: at |east one thermal interface
component, wherein the thermal interface conponent conprises at {®asiopne
rubber Coﬂgfund having at | east one term nal hydroxyl group and at | east
one |y conductive filler material; and at |east one heat spreader
conponent coupled to the thermal interface conponent. 2. The | ayered

t hermal conponent of claim1, wherein the at | east one thernmal interface
conponent conprises a crosslinkable nmaterial. 3. The | ayered thernal

conponeAtjaykedthaitialZompoRER Eorﬁ;h\%rrﬁ};t- | east one thermal interface conponent
further conprises at |east one crossl i nker noiety, at |east one

;:Loss at THSENGheS B MterrQle @imp ree[rﬁfh(eﬁﬁerj ?F%%}cgs Ofp, gentrﬁgg}pn ! f d
the aicast aeilbd ft e b?'hﬁi%' ﬁ@&? Ry Ry 970U A oot g
e att ﬁ X I t | i nki ng
resin Y § Qﬂea FIB"aF%”Eﬁ or an am ne -based conpound. 5. The Iayered
thermal corrponent of one of clains 1 or wherein the at | east one rubber
conpo@hiEasloris heak spreadercaapopent coERlE &QAF‘V thersnal infeyacsrcoptreae se t er mi nal
hydroxyl group. 6. The | ayered thermal conponent of claim1, wherein the
at | esiThelayeteddhenmal comporfent of claionpomanein doerpt leastonatthérems interfezesol der
mat er icamporfent thmptiseser @dsdihlablematepiapponent of claim 6, wherein the at | east
one solder material conprises a paste. 8. The |ayered thermal conponent of

cl ai M6 ThalgeRdthémfl Bdmp&iaent oPASINS 2! \iSdreifRh & At I@Est%@ﬁﬁér’ﬁf‘a? mtéﬁacleeas'[ one
of t h%oh%r‘réﬁﬁ"ﬂﬁl%er cofi rgaeatq&% Bhe crobJIiMRLr mc?ét?”bﬂ@ggé oBelc dsHIfﬂkm@ ound

bi srrutorpat (?s% ﬁ)r mal conponent o [aim whereln | east
one therrra |nter ac corrponent further conprises at |east one reS| n
conpo e er ed t onent of

| east “on rerﬁE %'npone@ i <20 e Bledy Ao sk vy i oF o
t her rré‘FaSEBFr‘FpEJ'H%‘r'rE‘ ema?trﬂ 1@“ é? rP"Frfé°5§¥"T iNGe8in COMpHserAT FRIBEIr

vi nyl or @ 2Etng,-bepedicampguNds; | | cone 12. The layered thermal conponent of
claim9, wherein the at | east one solder material conprises at |east one
of thé.ﬂ'be layaieddherinal componanh of end eferlaimbilsn4t, whereirathenatrieast od8rubbee | ayer ed
t her mebmpoumbeonmirise$ atleastran® sefandahye tertianyyor iothengisa termnisal hiydiokylgrewpdi ti ve.
14. The | ayered thernmal conponent of claim 13, wherein the crosslinking

addi t iey &hé RiyBFdREMTI component of claim 1, wherein the at least one thermal interface
component comprises at least one solder material.

7. The layered thermal component of claim 6, wherein the at least one solder material comprises
a paste.

8. The layered thermal component of claim 6, wherein the at least one solder material comprises
at least one of the following : indium, copper, silver, aluminum, gallium, tin or bismuth.

9. The layered thermal component of claim 6, wherein the at least one thermal interface
component further comprises at least one resin component.

10. The layered thermal component of claim 9, wherein the at least one resin component
comprises a silicone compound.

11. The layered thermal component of claim 10, wherein the silicone compound comprises a vinyl
Q resin or a vinyl silicone.

12. The layered thermal component of claim 9, wherein the at least one solder material
comprises at least one of the following: indium, tin, silver, bismuth or aluminum.

13. The layered thermal component of claim 9, further comprising a crosslinking additive.

14. The layered thermal component of claim 13, wherein the crosslinking additive comprises a
siloxane compound.
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si | oxane conpound. 32 19-Jan-07 15. The layered thernal conponent of claim
14, wherein the sil oxane conpound conprises a hydride functional $){Jgxene
conpound. 16. The | ayered thermal conponent of claim 1, wherein the at

| east 18N¢h&RYEredRA i ' i
s ST oSS OIS Y PO AR Ao,
the at aﬂ

wher ei [ east one net or netal - based base material conprises

ni ckel,, fiw. 1 nu c er. 18..The |l ayered.t hermal, conpopnent of claim 17
nher it Theld Fre?‘éﬁérmegg Rbanehf of (i1 WS b 8 BRe SRTRAF Stk ) 2 DLt
Al'S] G COTgONg COMEDSES s@%@?ﬂ%meﬁﬁﬁmﬁ%baﬁ e Tatel e o FOTRUE SeS
one heat spreader conponent has a thickness of about 0.25 mmto about 6

mm  20-7. The laygigetbermah 69maenedb heaiehi6, ahereinthe atdeashioar aiaialigianetal- basest one
heat dI96@mpkerial ewmnprines nickelagluminum okeappsr.of about 1 nmto about 5 mm 21. A
met hod of formng a | ayered thermal conponent, conprising: providing at
| east @n&hé heyersd|thémiab cérapenenbopdaient?, witeediethe atheadt lvae medtali ontneathilabased
CONPOINERE mataPLoramsegdldi@ast one rubber conpound and at | east one term nal
hydr oxyl group and at |east one thermally conductive filler material;

provi dighg, iaylal%*astﬁen‘ﬂ{b?c&ﬁ netR bEASRT 1 GARERERRAL at A& @%Lh%{ eécga? at | east
one t I t
COWO@W %qﬁgﬁetﬂ@g?‘%g g# cltoéil%m : a\?ﬁ}tr?grgﬁﬁ't ﬁgeat e?eazfp}?gﬁee[ her mal

i nterfgce, c 0 t c rises,a_. crosslinkable terial. 23. The method of
cl i m o TR A ShmpnEdy SE e KL AYAEYEN M. FiSest oB6 RBEHAERFELr t her
conpr | 98WoRent| hag & thiskress 0hakoyt Jiam teADBYY> M- | east one crossl i nking
conmpound or at |least one crosslinking resin. 24. The nethod of claim 23,
wher eii. Amaethod bEtosmingreclaygered shermiabeormadnenty compesing: | east one crossli nking
conpound or the at |east one crosslinking resin conprises an anmne resin or
an  anrodding et kastasreatatnal Hierfadecconpohert, ahereinathentBérmaMiterfaca compoadnt! east
one r ukRiisELatNesst 8né Akt 8GHip@ind @@t I€8Eone terminal hydroxyl group and at least

one thermally conductive filler material;

providing at least one heat spreader component; and

coupling the at least one thermal interface component to the at least one heat spreader
component.

22. The method of claim 21, wherein the at least one thermal interface component comprises a
crosslinkable material.

23. The method of claim 22, wherein the at least one thermal interface component further
comprises at least one crosslinker moiety, at least one crosslinking compound or at least one
crosslinking resin.

24. The method of claim 23, wherein the at least one crosslinker moiety, the at least one
crosslinking compound or the at least one crosslinking resin comprises an amine resin or an
amine-based compound.

25. The method of claim 21, wherein the at least one rubber compound comprises at least one
secondary, tertiary or otherwise internal hydroxyl group.

26. The method of claim 21, wherein the at least one thermal interface component comprises at
Jeast one solder material.

27. The method of claim 26, wherein the at least solder material comprises a paste.

28. The method of claim 26, wherein the at least one solder material comprises at least one of
the following: indium, copper, silver, aluminum, gallium, tin or bismuth.
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secondary, tertiary or otherw se internal hydroxyl group. 26. The nethod of
claim 21, wherein the at | east one thernmal interface conponent conprises at
| east one solder material. 27. The nethod of claim 26, wherein th®-Bh-07east
sol der material conprises a paste. 28. The nethod of claim 26, wherein the

at | easiTHRethod QL EIaiRD 6 WiRdrei QAP bt @8& otk th&ft intéHacefcompbRerftdlirtqem ng:

| ndi URAMBGRRPE lea§t'dn‘é%sm%bh'\6bﬁ1ét‘m gallium tin or bismuth. 33 19-Jan-07
29. The method of cl ai m 26, wherein the at |east one thermal interface

ol ar ngone Hehgfor FREP 2L FerBh thEEbadMhelrElh P tiAPRAR ot o B0 Cong”

corrpoﬁ po The net hod of cl ai m 30 wherein the silicone conpound
conprises a vin resin or a vin silicone. 32. The_ nethod of claim 29,
wher ePh Tm?emﬁttmﬁ @88@%%@ whgraiathes w&on@ewﬁ FyBRrisgs 24 R 16piB 0bP Vinvhe
fol | offiepge. i ndium tin, silver, bisnmuth or aluminum 33. The method of
claim?29, further conprising a crosslinking additive. 34. The nethod of

cl ai rr133.31'he/mehhed of tlhin 29 0slsdreinkhe gt dsti danievseldep materiaésorapriset ek kast anergbound.
35. T foldéwing: infliunl, &npsiRdr, bishatie bnalufinusi.| oxane conpound conpri ses a
hydri de functional siloxane conpound. 36. The nethod of claim 21, wherein

the aB3|BRSthethBg o idim §@rf€?cﬁé* c&ﬁﬁf@ﬂ@%ro&ﬂﬁﬁﬁq 86t | east one netal or
met al -based base material. 37. The méthod of aim 36, wherein the at | east

Ooponst Aol R, VRS A A Pt A

tal -based b AISC39 The I
ﬁe?eﬁﬁaffre?ems@‘gﬁegal@ bt WastEnahe Sliene SRR fOMRRESLR PYATR UBRONg ~ahout
0. 25SHA¥PRRCRARAHNGE nm 40. The nethod of claim 39, wherein the at |east
one heat spreader conmponent has a thickness of about 1 nmto about 5 mm

41. AB6eThecmethod of clainp@hewhereinrthe ableast anedebtispreader chmposdnt compasesrat  of
cl ai miehst one metal or metal-based base material.

37. The method of claim 36, wherein the at least one metal or metal-based base material
comprises nickel, aluminum or copper.

38. The method of claim 37, wherein the at least one metal or metal-based base material
comprises AlSiC.

39. The method of claim 21, wherein the at least one heat spreader component has a thickness
of about 0. 25 mm to about 6 mm.

40. The method of claim 39, wherein the at least one heat spreader component has a thickness
of about 1 mm to about 5 mm.

41. An electronic component comprising the layered thermal component of claim 1.

42. A semiconductor component comprising the layered thermal component of claim 1.
43. An electronic component comprising the layered thermal component of claim 21.
44, A semiconductor component comprising the layered thermal component of claim 21.

45, A method for forming the thermal interface component of claim 1 or claim 21, comprising :
providing at least one saturated rubber compound;

providing at least one amine resin;

crosslinking the at least one saturated rubber compound and the at least one amine resin to form
a crosslinked rubber-resin mixture;

adding at least one thermally conductive filler to the crosslinked rubber-resin mixture;

34



42. A sem conductor conponent conprising the |ayered thermal conponent of
claim1l. 43. An electronic conponent conprising the |ayered thergmin-07
conponent of claim?21. 44. A sem conductor conponent conprising the
Iayerﬁg t hermal conponent of claim2l1. 45. A nethod for formng the therma
interface conponent of claim1 or claim2l, conprising providing at |east

one satur c din east one ami ne resin;

cros§ﬁ Q%Hﬁg?ﬂ%ggfttgg@$8§%§h§%[ﬁ¢h?prgw3ﬁ5QV ‘conpound and the at Ieast
one anmine resin to form _a crosslinked, rubber-resin m xture; addjn

| east?bohBe MEENGANIRIm c%‘ﬁdﬁ’&'\e{'/ E0mpIigiRg aqcﬁf‘& #ldeast 98¢ phasehapge H@Fef}aég%

mi xt dhermal iterfage materigt: and adding a wetting agent to the crosslinked
rubber-resin mxture. 46. The method of claim45, further conprising adding
at | east one phase change material to the thermal interface material. 35
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