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render the presently known TIMs inadequate. Specifically, the thermal conduetivity of
current non-metallic TIMs generally does not exceed about 5 W/mK and is typically less
than about 1 W/mK. However, TIMs that form thermal interfaces with effective thermal
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25 One alternative to the foregoing non-metallic TIMs is a solid metal sheet or
preform made of a typical solder alloy. The metal TIMs ensure high thermal
conductivity value (e.g., about 80 W/mK for an indium sheet). Metal TIMs may also
exhibit a favorable solder or wetting behavior upon reflow which facilitates a low
thermal interfacial resistance. During reflow, the solder and substrate are heated, the

30 solder melts and wets by surface tension and/or local surface alloying. The interfaces
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a conventional semiconductor device/heat sink
configuration.
25 FIG. 2 is a cross-sectional view of an embodiment of the semiconductor
device/heat sink configuration of the present invention.

FIG. 3 is a cross-sectional view of an embodiment of the semiconductor
device/heat sink configuration of the present invention.
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another such “substrate” with the TIM. When thermally processed, the TIM should bond
to the substrate at a temperature less than the failure temperature of an active (electronic)
device (e.g., below about 350 °C, preferably below about 250 °C, and more preferably
25 below about 200 °C). The solder melts below the active device failure temperature, wets
to the substrate and allows the formation of a chemical and/or mechanical bond that
effects good heat transfer between the TIM and the substrate when solidified. In general,
the solder melts at a temperature less than about 300 °C, preferably less than about 225
°C. In certain émbodiments the solder melts at a temperature of less than about 170 °C,

30 such as between about 160 °C and about 95 °C.
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respectively. Such metals typically have relatively high melting temperatures (e.g., the
25 melting point of Ag is about 960 °C, of Cu is about 1,085 °C, and of An is about 1,065
°C). Other preferred components are high thermel conductivity ceramics such as, but
not limited to, AIN, BeO, BN, high conductivity cermets, cuprates, and silicides.
Another class of preferred thermal conductivity enhancement components are carbon
and carbon phases including diamond, carbon nano-tubes, and related derivatives.
30 The thermal conductivity enhancement component is incorporated into the solder
in an amount ranging from about 1 wt % to about 50 wt%. For many applications, it is
preferred to incorporate between about 5 wi% and about 20 wt% thermal conductivity

enhancement component, such as 6wt% Al, into the solder.
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expansion iron-nickel alloys because they have a very low CTE, are readily wetted by
and incorporated into the solder alloy, have a relatively high thermal conductivity, and
have a relatively high ductility which makes them amenable to post-alloying processing
(e.g., rolling and extrusion). Preferably, the CTE mismatch between the TIM and the
30 substrate is between about 5 pm/m°C and about 30 pm/m°C. More preferably, the CTE
mismatch between the TIM and the substrate is between about 5 um/m°C and about 20
pum/m°C. Still more preferably, the CTE mismatch between the TIM and the substrate is
less than about 10 pm/m°C, Most preferably, the TIM is tailored for the desired CTE
mismatch for the particular application.
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components can be combined by powder blending, green compaction, then wrought
25 metal processing to yield strip (ribbon) or foil subsequently processed into preforms.

An alternative method achieves combination of the additives with the solder by
high shear vacuum mixing of the powder or particulate into molten solder. This high
shear vacuum mix provides sufficiently aggressive mixing that the components become
sufficiently dispersed without a need to pre-wet the additives. In particular, it has been

30 discovered that this aggressive mixing permits the invention to be carried in the
preferred manner described above where the additives and are not pre-wet, making the
solder simpler and less expensive to manufacture.
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20 dbmimation Ghwreas at the interface in which the substrate and the TIM are not in intimate
contact, Thus, those areas act as insulation and reduce the heat flow away from the heat
source. A secondary cause of reduced heat transfer through the interface is the presence
of various intermetallic phases exhibiting higher thermal resistance. Preferably, the
interfacial heat transfer coefficient of the TIM is greater than about 50 W/cm2°C and
25 more preferably greater than about 500 W/em2°C.,

Typically, a TIM used to join a semiconductor (or a metalized semiconductor)
and a heat sink requires mechanical and/or chemical fluxing to remove oxygen from the
surfaces of the TIM, the semiconductor substrate, and the heat sink component to
activate the joining process and allow the TIM to wet the surfaces. Chemical fluxing is

30 typically used when attempting to join items with conventional solders at temperatures
below about 300 °C. A typical chemical flux comprises compounds which upon being




preferred alternative is kinetic spraying as discl osed
in US Pat. No. 6,283,386 (incorporated by
reference), in which the powder conmponents are bonded
by cold 10 welding. This kinefic spraying method is
preferred due to reduced formation of oxides, and the
ability to directly form sol der preforns. Thls
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ICQ Greated bebbRY actiVeGhd fibve SurfichbXil&S Howek et IR Tihflux materials

onents In addition to I ncreasi g the heat fl ow

mghcsm@ atd farinsylatiag pookgts némldsl thejnisrfagislyegianamdlor form
ﬂﬁgyﬂésﬂaﬂﬂﬁﬁ Po%‘iﬂ&?dr?eﬁaw ihe Eil‘vf‘% enhancers, a

Si gn|4| cant i mprovenent t he ow fromthe
sour ce Tacsarmice sith certain embd:dmﬂltbgf thmpm@atiﬂngltlonethe ™

h ey LAY Bl Rh10E3BraradS fles Rousbliee teto Hifimg (e, Achunil

bﬁ éhmgg ;a:;cthdggmﬂc intGinarpakde fuxihg cm@wjzdr:g:ae m:gﬁided) tRudhrer, in these
| newbrairs e gofien n Bier Shsndprel olRbe BN ESdns y en
f oiftRisiOdkypén getterthatdé mike ot Alloyed Witk tHerboidihg bbrhlbtﬁlent The
substrate and the TIMare not_in inti

nt act
Th ETinsiq 3yBen-getgiis grore rgactive Fith QKYesH théﬁnglwf@a cpRgonent
imeaieres ngamg of F@int Ay HE MrmathUrEEndidy GRSORGRkygen
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Tlalbut 2% by weight Ti and about 0.1 to about 2.0% by weight misch metal with
25 remainder being In. More preferably, it comprises about 1% by weight Ti, and about
0.2% by weight misch metal with the remainder being In. This has been found to yield a
compliant TIM solderabled with a very low level of interfacial defects, and therefore less
likely to fail at the interface as a result of thermal cycling .
In yet another preferred embodiment, the solder is a rigid gold-based solder with
30 arelatively low CTE (about 13-14 pm/m°C) that is typically used to attach sub-mounts
or secure fiber optics (e.g., gold-tin, gold-silicon and gold-germanium solders).
Typically, for gold-tin alloys the concentrations of gold and tin range from about 75 to
about 85% by weight and from about 15 to about 25% by weight, respectively. For
gold-silicon alloys the concentration of gold is at least about 90% and the concentration




5 (including the solder) preferably does not require
extrinsic fluxing (i.e., mechanical fluxing and
organi ¢ and i norganic fluxi ng conpounds are not
needed). Rather, in these enpodinents the solder in
the TIMof the present invention is preferably
activated by an |ntr|nsic oxygen getter that is m xed

oxsfauieoy Boed o gy DRBaRTob BV RRRRY Sy folf eppblpf s e
bl o IOTRORTS et NOUE0Y: Ricieatbagraton of gomrimgunges
E G0 P S OB VA DY, 0PI BREY ey SPRRE prictow

"%ﬁb&at(fes the-solder cobiposiBfih ardprefepiblialehitie fedtia compadition (e.g.,

ér'fhe ansutlr@ms axvmémb:a&; 3‘%%&%&%‘%@: e érgpgsmonp_
Coptetio w%@vogﬁer abo@sq&ihzo%a&uﬁg%iss@ﬁ&i abdBt ssm-me

msch netal which is
aVEielnai] eateciﬁa)gold}ha aﬂxb)eﬁ pirtioutarty referresl fap many eplipgtions because it

H| [,
4 PIRE BRI AAPRNG, Peonlb otaC RO bildrk fitain sgpifiantly
%28@ “ﬂme R T P P g
an .. r era e total, conce 0]
10 G Spapehiopet G obigen Beierelepials W ieaepfa S8l hat of the
1Q94itn LS 9blHer, PheFerbBly Me toANGORABEN A 06T Téftactcdy tetaly ih he solder
nmetals is |less than _about 5% by wei ght an g t he tof al

c dwisasthanabonts% by weighi, the tofplconpsntration afpare g falsiigless than
Egéué #@ﬁg&ﬁa@l{fw B e e RO alltli, ARAIRXEAAR bﬁ’d inc is less

M conprises i ndiumas the sol de

arien abputd At by weightMpshpeferably, the t@%@@&@q@fﬁwtow metals
l.

e LR g 8 e hon 4185 b s
c Orfarto skt G.IS%LBy Weight] the todd] conceB¥étion oﬁdk@tmefﬂs mmut 0.1to
abutbto.otzo/ .S
T R s e T e
ah@éﬂft} 0JS°/§$)|bWel : hﬂita:]thg total astdetimtiod of ﬂno?&’mbgl_uﬁ Ol tglabout 0.5% by
m SC nmetal. W emal_n n | S a
st Biogs o GTE alsiareo s ey i mctprgopapt ek-CTE

ZDV gfidys |a?:¥‘bé1ta¥cﬁidu&5r/do[&e?fnftéﬁb@$s ﬁ@iﬂ@f&mﬁﬁl‘iﬁy&lﬁ@ efore
| ess I ke o fail at the interface as a resul tq@qandthe
t

t her rraln adsh@pn ﬁgehmmwngéhe neaéd forextripsie flapnedhe.satiyas

E1 Fl“i'ac}s ﬁla?e% %ﬁ%ﬁ@gm%n%?rab b G{Iet h-etallic

t ymfacﬁ duyh assbuat mblmttt(hbh&s 8102, 8idN; taed IV agé @@Wesefmqufluctor

o@%' C%g%ﬁ%ﬁ%%%ﬁ%ﬁggs s%% , B o?ﬁuﬂgé'c“t% Ay, AN, Ni, Cu, S and

ZSabdrﬁbiﬁatIoheﬂlerwfiﬁ'Bhﬁ yuired t@'ﬁe @pbsited od stuhmonan@dhé sm‘fmes
g‘gut 75 1 Q abaut g@%ﬁgtﬁéﬁ@ &Elpty?or%dromggl ol
provides a significant materials and process benefits.

The TIM and active solder of the present invention are particularly suited for thermal
processing at temperatures below about 300 °C and preferably below about 200 °C.

30 However, the TIM and active solder of the present invention may be thermal processed
at elevated temperatures (e.g., greater than about 500 °C) to provide more effective
wetting (e.g., shorter wetting time).

In addition to improving solder processes where the heat flow across the interface
is critical, the foregoing active solders are particularly useful in the manufacture of opto-



gold-silicon alloys the concentration of gold is at

| east about 90% and the concentration 9 of silicon
ranges from about 1 to about 5% by wei ght. For
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A solder which is hxghly filled with a thermal conductivity enhancement

component and/or a CTE component typically has low metaliurgical fluidity. This low
fluidity impairs capillary flow essential to good solder fillet formation. This problem is
addressed in one embodiment of this invention by producing a solder preform . This

30 solder preform functions as a TIM in certain applications, but in other applications
where enhancing heat transfer is not critical or is otherwise inherently adequate, the
preform does not function as a TIM. This preform structure is applicable to both TIM
and pon-TIM bonding applications. The preform in one embodiment is a multi-layer




The TIM and active solder of the present invention are
particularly suited for thermal processing at
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25 component, any such component which is compatible with the solder bonding
component may be used. Examples of such components include the aforementioned Al,
Al-coated Cu, Ag, Au, and alloys thereof, AIN, BeQ, BN, high conductivity cermets,

| cuprates, silicides, and carbon phases. In embodiments incorporating a CTE modifying
component, any such component which is compatible with the bonding component may

30 beused. Examples of such components include the aforementioned components selected
from the group consisting of BeO, ALO;, AIN, SiC, SiO,, low expansion Fe-Ni alloys,
low expansion ceramic powders, low expansion glass powders and mixtures thereof, In
a preferred embodiment, the CTE modifying component consists essentially of the




After nelting and m xing, the conposite nelt is then
cast as an ingot for subsequent w ought processing.
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components, CTE modifying components, and mixtures thereof. The solder metal
bonding component in the sphere body, as well as the sphere body surface layer
thereover, may be selected from among, for example, the group consisting of Sn, Cu, In,
Pb, Sb, Au, Ag, alloys thereof, Bi alloys, and mixtures thereof.

30 One method for preparing the sphere body is to stamp a disk of solder material
from a solder strip. A sphere is then formed by reflowing the stamped disk in 2 column
of hot oil. The solder spheres are then coated with unfilled solder material by plating,
physical deposition, chemical deposition, or spraying. In one typical embodiment, the
sphere body has a diameter of between about 0.003 inch (0.075 mm) and about 0.06 inch
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front surface, a first thermal interface material 5 which bonds the back surface 4 of the
25 semiconductor substrate 2 to a heat sink component 6 having a front surface 7, the heat
sink component comprises a heat exchanger 8 having a back surface 9 and a front
surface 10, and optionally, a lid 11 having a back surface 12 and a front surface 13. If
the optional lid 11 is included, a second thermal interface material 14 bonds the back
surface of the lid 12 to the front surface 10 of the heat exchanger 8. In accordance with
30 the present invention, the above-described high performance thermal interface material
may be used to compensate for the CTE mismatch between the substrate and the lid and
between the lid and the heat exchanger in such a typical electronic device package.
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T BiaR fg i Portate £ a0 et i ErfERRNER lia 18! T8 Sbbtronic
RO BeasiERa e%eﬁaﬂnﬂmwwﬁ@mm@fac@mdteﬁnﬂ whiictsbonds the

tsgﬁéiig Th% sol der rret aI nd| nglﬂg@g@g&g% &Q%p%gp@}y,the

th SRAYAL d&%ﬂ?& %séo%ﬂhﬁﬁuhrmaj 4 whiABBAG the back
thg rou socon |st|an of Sn, Cu, In,  Pb, Sb, Au, Ag,

al sustpee i hefthefid 1Bto the hepy exchanger Bi Theingsst qopprisesra thesial stress
Oney: I
di ge&gﬁ%ﬁ‘s i erth%a h?.g?Fg‘tha;t BforofbRI tﬂe%'fl?oisﬁl@ stfate

roma solder strip. Afg.ﬁ ere
1i5s thi doesftior GEB obthe fid (dcowipna). Statedsanathgrwa islCTHhofthe insert is

o by S R g RS Db i

dejnesfate materialired oy addemnanidite the relatnveﬁgpsrm}ll (Elm mhsmmi:d:etween

ty&ﬁ%glme &gi$nt thefpﬂpght‘g eﬁ»ﬁfﬁ has |ane%]zerwgstmtB

1 ngl B31id. (As Prddmll, theiishtdsNETE RhISH&cR @ypmuyi:at%eﬂ fhy @isert/lid
i s, bet ween about 0.0005 inch (0.0125 and about
20 intsripercand becanse e CTEIRf e insert w@ﬂ%{@%@r then thetpfige lid, the

Triﬁse‘i‘ﬂ&ﬁbg%ﬁlg%&%‘iﬁoﬂtéﬁ'vﬁﬁnﬁﬁn%hﬁr esent invention may

be manufact ur as a forl or a nmesh in which
openings are forned (e.g., by punching or etching) and
t he

Referring now to FIG. 3, the recess 15 may extend through the lid 11 (i.e., the
recess extends from the front surface to the back surface of the lid) and likewise the
25 insert 16 may extend completely through the lid 11. As aresult, the second thermal
interface material 14 also bonds the insert 16 to the heat exchanger 8.

W oo e ok vk ok ok ok o 3 R

In view of the above, it will be seen that the several objects of the invention are
achieved. As various changes could be made in the above compositions and processes
30 without departing from the scope of the invention, it is intended that ail matter contained
in the above description be interpreted as illustrative and not in a limiting sense.



openings are filled wiwth one or nore of the additives.
For exanple, an indiumbased foil wth hexagonally
spaced openings may be filled with berylliumoxide. In
the case of a copper foil orgmesh, the copper is
coated with a bondi ng conponent such as indium(e.qg.,
by di pping or plating). A suitable diffusion barrier
conmponent (e.g., nickel, titaniumor 10 ot her
transitional netals) nmaybe required to prevent rapid
di ssol utj on of nRARRSEYERM SolRer préfsrm dior ngriding components of
nmel ting/ bondi ng process. An additional nethod is the
useelfctroniondevicoapebwpngsin®ondi ng conponent and/ or

a thermgl u LLy egg;:;g A o sthnface and a

90% t he 53?8g|8é£ﬁ §gf$€ﬁe mntgﬁﬁﬁgﬁﬁTE di fyi ng
corpaeeht sutfadecass acrompriémags (@0 3gd dewry meeadubondiog component
thin sheets to achi eve the desired thi

ck
CTERFp oWt Gh FeAdNaRd SimasH g o SHBEERaFEPReglong thermal
St Dndnip: escﬁﬂ%ﬁgéﬁ%%ggh so?ﬁ% oRant 8, Wrehmbdefying components,

above-d preforn1of t he

i rerehmicturas hhemeeﬁ there is an interface for

connecting a nduct r,subs

conpon@n?gcﬂﬁ iéﬁﬁc@? 3t EF?%#E% Qagﬁ gatlve

I EB@CBOEEOIETEurF&éQBéE%lP@tf\PE& Follddratdfieam layer; and

substrates. Thus, the inproved interface increases t

20 crlaltdaird eﬁng]eiaﬁ mmbmeﬁmﬂ@wem@mlmqqig t,po\;; top

E:%‘fﬁ}l%ﬁﬁ ﬁq o oé‘énﬁro g)n %%%%&I ce p%‘c E 133 (E 1

conpri ses a sem conductor substrate 2 having a front
surface 3 and a back surface 4, an el ectronic devic

(not HuctuAemylsélﬂgeroeaﬂéaronrﬁﬁ@rmfFeﬁtb€G¢+ESe°°EP°nent9 of

r ial 5 which bonds the
% sur é2§£v£g%§ %éﬁggﬂgkﬁéconductor substrate 2 to
a heaa it Cmﬁrpréfbﬁwl@y@:fhw&ngmfm Furfhaee and a

heat sink conponent conprises a heat exc er
h%ﬁ% sunfRge And KAErising 3 aaldes m@e%&?ﬂ&a‘a@ component

a %@i g%geiggl%%tEQﬁe oﬂﬁ%ﬁ%a Iléﬁﬁ%'|5|é¥yhé?cfty

enhaacemént heorpbnente!, f @08 moddfydhgl éompoterntis; Bark mixtures
surface of the lid 12 to the front surface 10 of the
xchanger 8. In accordance with 30 the present

| nVentde, W&frb%ﬁoﬂ’ggi‘?ged o Ci‘é& te -

thernal |nter ace materi al onpensat e
thieo batitenCERrflagre toth tthaé veiret Imbclmstpm@@mdlayerl. i énd

CVoRc ERLER: Boleier. et PTRERALLSYSF SRR OrBhe toP

BUiélfgglte %:ﬁ Izt(::h& 2%’[%93 %Btldé}." P Uin LadPerSC iter@iRthe solder
. metal bonding component, the second solder metal preform layer,
o and the third solder metal préform layer are selected from the
group consisting of Sn, Cu, In, Pb, Sb, Au, Ag, alloys thereof,

ﬁ.gga Bi alloy, and mixtures thereof

' 7;‘3.7- The . multilayer solder preform of claim 1 or 2 wherein
the addltlve comprises a .thermal conductivity enhancement



package 1 conprising a sem conductor substrate 2

having a front surface and a back™ surface, and an

el ectronic device (not pictured) on the front surface

of the 5 sem conductor substrate. The package al so
conprises a lid 11 which conprises a recess 15 for
receiving an insert 16 which is sized and shaped to

fit within the recess. In this enbodinment, the recess
extends inward fromthe front surface of the lid to a

POt BbmpBféME e it &d Of¥or? Uk REC AN AL DEoRBEY BU! T@GE Ag, Au, and
of the [i The 1 nsert conpriseés front surface 17,

a beklpzﬁnﬁhenedﬂ3 AN Bedur BNcehighcoondett ity t¢rrmets,
lid 19, .The el i c 10 .devi cka e further
coraes, ilicite and FrEPPareiAgteri al 5 whi ch
bonds the back surface of the substrate 2 to the

front surface 17 of the insert 16. Preferably,
package4al soTbenpulteLanege@@@r Irrefgirn rt?tferfifla"c‘él1 1 or 2 wherein

™REE | it Slnberdss Lo Rasles JUARR ALY eibiancement

t heompdnevitt eﬂﬂlcﬁ eis aridu ted anidalist belebteda feaﬁ ameng Al, Cu,
more cl osely natches t he CTE of _.the _substrat

h .
okl <72 sl (asesde st 2% ol Bighnepaductivity

Y?%ﬂg%%%fﬁggegét%?'thgigéédéréte ere% Eﬁgfffrgt

t her nmal interface mat eri al need onIy acconnodate t he

rel atiyely ntsnat betmee the insert_a

the substra FLEveR ‘??1]25?%@%? G5 Y @ Claims 1 to 4
herieyesin tdiee %&&iﬁﬁ@ coifridis |d CTE mcui8AHd cdnponent

greatest CTE msmatch istypically between the
ﬂﬁsl@q‘?qd Exzm ititee grmip ma:atdmgeqfh@eovEAdtzOnheAlN SiC, Si0,,

Pes bR FBinth. oo dPea AR fBTac pohders, Low

Eﬂﬁaﬁéhaﬁ QQ&%&OEEMEEr% ahﬁemiﬁﬁﬁ§§31§h€§éoEXtend
through the lid (1.e., the recess extends fromthe

front surface to the back surface of the lid) and.

i kewt se t ert 16 extend conpl etely

ot « noe it ERde Sollidy BREBSE R het ma

cllatier faee: fmttﬂfeﬂ:.rﬂ-"tli’é seidife tétﬁnpfe@éé 46cm thédi £y ing
heat exchanger 8. In view of the above, it wll be

CQERANERE: WhAchs de umicosties Bndoiia meliestsd ifyom the group

cSEBLEV R OF ¥B0 30 IR SEHE. e o Sairon, Fe-M
anlraars.t hbow ceapaﬁélbheceﬁmmbl pBwdklsi, S 1owt engrssibal glass

natter contained in the above descrlptlon be
qu andy mixturest thereefand not in a liniting
sense. 15 1. Amultilayer solder preforn1for bondi ng
conponents of
- 7. . The multilayer solder preform of

claim 1 wherein the solder metal bonding component, the
eecond solder metal preform layer, and the third solder metal
preform layer are. selected from the group consieting of Sn, Cu,

In, Pb, Sb, Au, Ag, alloys thereof, a Bi alloy, and mixtures
thereof '




el ectroni c devices conprising: a first solder preform
| ayer having a top surface and a bottom surface and
conprising a sol der netal bonding conponent into
which is adm xed an additivesel ected from anong
thermal conductivity enhancenent conmponents, CTE
nodi fyi ng conponents, and m xtures thereof; a second
sol der et al preforn1|ayer applied to the bot t om
surface of the first solder preformlayer; and a

third sel.der THBt h1 £ B dARY pRRificed b2 the top
surface of the first sol der preformlayer. 2.
rruFtlﬁFﬁy%rO—?,o? derexsia cnhﬁ ffarrsboﬁqﬂdgrcpnpéﬁélm %ab@r further

S5l S5 SEGTE VRt ebihE, siPLEFl A e orove

Iayer
C orqig istnighon of0 lrdee &al:ah heocdisg sPk@Dhamnétalnd akaline-earth
addi ti.ve selected from anong_t her mal conductlv&éy

eMiEhAdEme AELEBREBRENTRL 2 TS Fbdi Mt e iinRaRfs, adyalloys
Mepewegg, thereof; a second solder netal preformlayer
applied to the botton1surface of the first sol der px*g

layer; and a third. solder netal preformlayer

appI| surface t he rst ol der

orot oin | ayli® MHIELIRY ez 801grHebTeRRFE OBond: ng

«QEdananr QhﬁhégéQﬁdtﬁ8|EffsBEIQ&ePrEQQVQWéﬁ&@%nesé”ﬁbtween
the third solder netal preformlayer are selected

fPeHEt Re00yr duphc 6Rs02T i my) oﬁnd%rabcﬁu; Omthj,ncgb,(SAur,un). and the

48oql 4 LRSSy Ba bk LSS VR about

OVe0GE ninch . (0 SO0 dinl)l \drdE ABYUILS S 02 HRRINE0. 5 wm) .
conductivity enhancenent 16 conponent selected from

anong Al, Al -coated Cu, Cu, Ag, Au, and
10. The multilayer solder preform of claim 1 or 2 wherein

the solder metal bonding component, the second solder metal
preform layer, and the third molder metal preform layer are
selected from the group consisting of Sh, Cu, In, Pb, 8b, Au,
Ag, alloys thereof, a Bi alloy, and mixtures therecf; wherein
the additive comprises a thermal conductivity enhancement
component selected fvom amona Al, Al-coated Cu, Cu, Ag, Au, and
allove thereof, AIN, BeOQ, BN. hidgh conductivity cermets.
cqprares,_silicides, .and carbon phases; and ‘wherein the adﬂﬂt&va
~omprises a CTE modifying component selected from the grour
' -_lcons:!.sti_ng_ of BeO,,Al-.-O,,;_ AIN, 8iC. 8i0a, low expansion Fe“ﬁi
© -alloys, low axpagaioﬁacéqgmid'Eggdersg low expansion glase
powders and mixtures thereof.

R The multilaxer ‘solder preform of claim 1 or 2 where:l.n
the solder metal honding component, the second solder metal
_?.prgfonm layer, and. the third solder metal preform layer axe



al l oys thereof, AIN, BeO BN, high conductivity
- cernets, - cuprates, silicides, and carbon phases. 4.
The multil ayer solder preformof claiml1l or 2 wherein
the additive conprises a thergal conductivity
enhancenent conponent which'I's uncoated and is
sel ected fromanong Al, Cu, Ag, Au, and alloys
thereof, AIN, BeO, BN, high conductivity cernets,
cuprates, silicides, and carbon phases. 5. The
mul 4dJ euteda ?Qbﬁef:h@ rg"@énﬁfyc%&%%ta's% bd,01h, Pb, Sb, Au,
r

wherein the addltlv I ses a fying

cofgonéddoveethereaf { r@nﬁi r@wmm shepeof: wherain
Al i Gom E
ALERE 5L o, 5 BB Bl 4T Blfancoment

powERHSn &t wfh:’)dl‘.hlfi%s unfiRateld atd Ibesﬁmb&tédyﬂfoﬁobmlmg Al, Cu,
preformof claim1l or 2 wherein the additive co
gcpqusuctivitv

a A48 Mbdiand ﬁd-l‘?é’énﬁbﬁé'ﬁf-’meHr BeQn B Julgly

f
A | AR BEe0! 84P40£408) DhhiSofindi Bndidiiland wherein the
eﬁﬁsﬁ&iitm cm‘e*’mﬁ m’d’mﬁmr@m@mssvhich is uncoated

CBHA oL S ppalentad e, ohs SRR GnaletdaryoF Heps ALiOs, ALN,
bsm’i .60 "RERC BipahBEon S PEORY a?iegé MEdw ﬁimn caramig

| ayer, and the third so der eform are.
Rawdarsy flommgngn.oupg&asm powderef &nd aﬁimturea thereof.
Pb, Sb, Au, Ag, alloys thereof, a Bi alloy, and

m xt ures thereof 17 8. The mJIti | ayer sol der

pr ef otmn, of TRé i) 8i Phyer 'WE1&L bPEESIh I SWL&B 1 wherein the
preformlayer further conprises an intrinsic oxygen

{4 Eive ramnipds o TR mpdifying eimpanentoicomgd sing
M&ﬁ%l s, alkali netals, alkaline-earth

13. The multilayer solder preform of claim 12 wherein the

first solder preform layer comprises an intrinsic oxygen getter
comprising Zn.

14. The multilayer solder preform of claim 12 or 13
compriszing, as the bonding compoment, Sn or an alloy thereof..

.15,  The multilaver solder preform of claim 12 or 13
L conuggising, as the bond:l.ng component:, Pb or an alloy thereof.

: 16. . The mlﬂiﬁ!ﬁg-sﬂger preform of cleim 12 or 13
- .comprising. as the bonding cbﬁu:onent, Ag or an alloy thereof,

17, The multilayer solder prefom of claim 12 oxr 13

: Gmriﬂingr as the bondinq co@onent, Cu or an alloy thereof.



netals, refractory netals, Zn, m xtures thereof, and
alloys thereof. 9. The nmultilayer sol der preform of
claim1 or 2 wherein the first layer has a thickness
bet ween about 0.001 inch (O1 25 mm and about 0.125
inch (3 mm, and the second and third |ayers each

have a t higknesssopieeai-aRas £k ARAMineC kolPoPBabs of
nmm and about 0.02 inch (0.5 nm. 10. The nultil ayer
soled@ctyosficr devicesatarprvgiXwherein the sol der

el DO RIS e A, B et ponasng

| aysipdient SelteciBdchr Doddiei s adast stengomborsent selected
Cu, I'n, Pb, Sb, Au,_. Ag, ,allogys thereof, a Bi alloy,
arfk QR xaeRa thersal | CORAUEELiity henhaacemest c sigppichests, CTE

a "Paget | M t ect ed

4(:“2)(;rﬁhela #&C%b?‘%eﬁgtﬁe%?‘&%&}%@ a ﬁoys

t her eok. sphélre Baddly Shrflaicgh lageduchmptisineamebider metal over
cuVrates, silicides, and carbon phased and wherein the
a‘&Heb?Plﬁ%rermF%ﬁ aes a CTE nodi fyi ng conmponent

selected fromthe J®WW consisting of BeO A1203,C

AN, Sic, 5102, |ow expansion re-N_ alloys, low

expsnsi 0&9ceThei gopdexnrpreesorimovt exiimi oh8 gikgrein the sphere

owder s, and m xtures t.hereof. 11. The tilaver

B cPSLReF gRES T, Soonint, arfl Lhh it body surface
Ml H68 kel FRM tHeherefpone8nsfLbeehg®fadn, Cu, In, Pb,
Preform | ayer, and,thhe third solder nmetal preform
Shyefuaragisalieyscthareotm and Bioaplewvdsi sting of

Sn, Cu, In, Pb, Sb, Au, Ag, alloys thereof, a Bi

all oy, and m xtures thereof; wherAin the additive

conprisezoa ttige nBblaeRdyeeEdinyoeNBRaAtANERt or 19 wherein the
&S[rgonent whi ch is uncoated and is sel ected from anong
agdi

Die, comgriags artdiemal sandiaicivity gnissgengt component
sgiggt&gngg&tn' \é'm%g Al, Al-coated Cu, Cu, Ag, Au, and alloys
thereof, A1IN, BeO, BN, high conductivity cermets, cuprates,

silicides; and carbon phases.

21. The solder preform of claim 18 or 19 wherein the
additive comprises a thermal conductivity enhancement
component which is uncoated and is selected from among AL, Cu,
Ag, Au, and alloys thereof, Al1N, BeO, BN, high conductivity

cermets, cuprates, silicides, and carbon phases.

22. The solder preform of claim 18 or 19 wherein the
additive comprises a CTE modifying component selected from the
group consisting of, BeO, Al,0; AIlN,



cernmets, cuprates, silicidea, and carbon phases) and

wherein the additive conprises a CTS nodifying

component which is uncoated and is selected fromthe

group consisting of BeO Al20g, AIN, SiC S @2, |ow
expansi on Fe-N alloys, |ow expansion ceramc

powders. | ow expansi on gl ass powders, and m xtures

thereof. 12. The nultilayer solder preformof claiml
wherein the additive conprises a CTIS nodifying
CoReNes 5 COog | siFRI pdaNUMN o4 3. 1Hifeibbhs] &Y Seramic
sol der preformof "claim 12 erein the firrst sol der

pr phederbaybrw expansies abasatpdwieres anggeixtgetdsethereot.
conprising Zn. 14. The nultil ayer sol der preform of

claim12 or 13 conprising, as the bondi ng conponent,

On or an api oy MheekedBer piéforthefnbtiih ayerosaldeherein the
preformof claim12 or 13 conprising, as the bonding
cafipbuiye capErsesh aaf TBynadidieigig conpongRs Wil ¢l |ig apncoated

S r f j r . .Gl he :
SBhATS BESLOCD deck PhGHE 8o ST LY 8, A3 Llomam, sic,
nsldd,| hywlexpandsonFef ot Blabysl, dicw &&pahsidn Garamic powders,
ri Bing, as the bhonding com onent, Cu or an allo¥

t e%*?arisglorisal%%(ﬂ%@e%fe@&dﬂr‘ﬂéﬁ:uﬁ@ﬁdﬁ:ﬁﬁmo .
conponents of electronic devices conprising: a sphere

body conprising a sphere body sol der netal bonding

conponent Z4nt oThhi sbl der guird fcatn &f gddim V8 eorjfomberein the

el ecte fr anon her mal. conductivi ty_enhancenent
soB8ro hetiys ol gfary BrR: afp SHERPEERkh oA EhE, Bphere body
sulrifaeeol ayarda e SPEEE S 8 Ufr S MIRE @ AYL o iTiN@fasn, Cu,
sol der nmetal over the sphere body. 19. The sol der '
Inpr dibor fibof A aidgigahheysi khemeoépher &1 alloy, and mixtures

thereof; wherein the additive comprises a thermal conductivity

enhancement component selected from among Al, Al-coated Cu, Ag,
Au, and alloys thereof, A1N, BeO, BN, high conductivity cermets,
cuprates, silicides, and carbon phases; and wherein the additive
comprises a CTE modifying component selected from the group
consisting of BeC, Al;0;, AlN, SiC, Si0O;, low expansion Fe-Ni
alloys, low expansion ceramic powders, low expansion glass

powders and mixtures thereof.

25. The solder preform of claim 18 or 19 wherein the
sphere body solder metal bonding component and the sphere body
surface layer are selected from the group consisting of Sn, Cu, In,
Pb, Sb, Au, Ag, alloys thereof, a Bi alloy, and mixtures thereof;
wherein the additive comprises a thermal conductivity enhancement
component which is uncoated and is selected from among Al, Cu,

Ag, Au, and alloys thereof, AIN, Be0O, BN, high



body sol der netal bondi ng conmponent and the sphere
body surface |ayer are selected fromthe group
consisting of Sn, Cu, In, Pb, Sb, Au, Ag, alloys

t hereof, and Bi alloys. 20. Ege sol der preform of
claim18 or 19 wherein the additive conprises a
thermal conductivity enhancenent conponent sel ected
fromanong Al, Al-coated Cu, Cu, Ag, Au, and alloys
thereof A1N Becz BN, high conductivity cernets,

I cide f and c
SoPRBREEr iy S S Eg T ar 80 ShoreldrdnartoaarprpPhases;

coanal ®Reraih hexﬁéraid@mdmctdo»ﬂptrﬁsaehang\rsﬂen&dlfymg component
co onent whi ch i s uncoated and is _sel ected from anong
A Y 1%gm%§te§n@nﬁl4%)ﬁ§1ﬁﬁéﬁ@ofmme pEouppRpnsisting of
hi co ti c t cide
cag oh gﬂggesﬁl 2. éﬁ1 derqgﬁgfb %ﬁ? ° g%hﬁ?s%ﬁﬁoys, Low
19ewphengiont heramddi pbwdef:sr,‘rpﬂbweEx@aﬁEEoﬁDdﬂlh)an@owders and

onent selected fromthe group consisting of, BeQ

tu 1-C, Si02, |ow expansion Fe-N all oys,
| ow expansi on ceram ¢ powders, |ow expansion gl ass
powders and m xtures thereof. 23. The sol der preform
of clai m 186erThe swidei prefermadd t!il\aéﬂbéﬁ'p@rsb% wherein the

eﬁlé? E}Sdggf ngen%ovrn'hlrggel S uncoat'B_ nsand L2 etter
d m T he group C nS|s€|ﬁaioﬁ 56 Afzd%““ﬁ?h g

Siél ectddErdnOpheXpang edbnkesbingl bPYard EWreXRAE ), alkali
ceram ¢ powders, |ow expansion gl ass powders, and

MS&ahres atliféﬁéaﬁ eaxthmretabe d&eippetony vetalai Brugmixtures
q{he’ll%d/pe % ss%%r k%ody sol der netal bonding
d ]h }E heréﬁ%

conponent an ody surface layer are

sel ect ed fron1the group consisting of Sn, Cu, 1In, Pb,
Sb, Au, aIIo¥s thereof, a Bi allo and nixtures )
t her eof ; vvh%? ei Aheneokdrr OreE wahpli ckain 4&hernk? wherein the

s%‘?f%‘i'*écﬁa'o\ﬁ'yl Yias a diameter of between about 0.003 inch (0.075
mm) and about 0.06 inch (1.5 mm), and the sphere body surface
layer has a thickness between about 0.0005 inch (0.0125 ram) and
about 0.05 inch (1.25 mm).

28. The solder preform of claim 21 wherein the
sphere body has a diameter of between about 0.003 inch (0.075
mm) and about 0.06 inch (1.5 mm), and the sphere body surface layer
has a thickness between about 0.0005 inch (0.0125 ram) and about
0.05 inch (1.25 mm).

29. The solder preform of claim 22 wherein the sphere
body has a diameter of between about 0.003 inch (0.075 mm) and
about 0.06 inch (1.5 mm), and the sphere body surface layer has
a thickness between about. 0.0005 inch (0.0125 mm) and about 0.05
inch (1.25 mm) .



enhancenment conponent sel ected from anong Al ,

Al -coated Cu, Ag, Au, and alloys thereof, ALN, BeO

BN, high conductivity cermets, cuprates, silicides,

and carbon phases; and mhereF@ the additive conprises

a CTE nodi fyi ng conponent selected fromthe group

consi sting of BeO A1203, AIN, SiC, Si02, |ow

expansion Fe-N  alloys, |ow expansion ceram c

powder s, | ow expansion glass powders and m xtures

thereof. 25. The solder preformof claim18 or 19

wherein the sphere body sol der netal bonding

conponendp andrHhe&sclieieer pro@eym &8r £dg&Em! By ovhérein the additive
sel ected fromthe group consisting of Sn, Cu, In, Ph,
Sh,COMPriggs & ICT¥s MoRdfFang EOBPoﬁﬁn'éyccml%% (rkybdenum.
thereof; wherein the additive conprises a thernal

conductivity enhancenent conponent which is uncoated

and i s s3 eThedsblder il ofCGulaid@ 0 Aherend thé gphere body
t hereof, ALN, BeO, BN, high 21 conductivity cer
chHEAPEE, COTPF £58® AN s 1IOAI6h FRAEREE: 9651%%%%@?1%%31“9 2n.
the additive conprises a CTE nodi fyi ng conponent

whi ch is uncoated and is selected fromthe group

consi st i3% ofTheBe®ldar2p8efamN, ofi ciam@o |@xw 31 comprising, as

o SHRoPoR g, ERBARGRER PRLer Rt Ao ur s

t hereof. 26. The sol der preform of cIa|n118 or 19
wherein the sphere body further conprises an
|ntr|nsﬁ§ 03 ge ® C@@Eﬁépreiﬁﬁﬁbﬁédcﬂﬁéﬁh3ﬂe0§r§&p00mpr181n9: as

R e L A A

thereof and al |l oys thereof. 27. The sol der preform of
cIa|n118 or 19 wherein the_ sphere body has a _di aneter,

of betwsén aBbgt s0ldez Preform. ofxlaw 3themifduconpsdsing, as
LRE M PndeomBet e APNGE 8P U1 SY G ot .

35. The solder preform of claim 30 or 31 comprising, as

the bonding component, Cu or an alloy thereof.

36. A thermal interface material for bonding components

of electronic devices, the thermal interface material comprising:

a solder component comprising a bonding component selected

from the group consisting of In, Sn, Cu, Pb, Sb, Au, Ag, alloys
thereof, Bi alloys, and mixtures thereof; and

an additive component comprising an uncoated CTE modifying

component having a coefficient of thermal expansion that is less

than about 10 um/me°C.



| ayer has a thickness between about 0.0005 inch
(0.0125 ranm) and about 0.05 inch (1.25 mm. 28. The
sol der preform of claim 21 wherein the sphere body
has a di aneter of between abegt 0.003 inch (0.075 nm
and about 0.06 inch (1.5 nm , and the sphere body
surface |ayer has a thickness between about 0.0005
inch (0.0125 ram and about 0.05 inch (1.25 m). 29.
The sol der preformof claim22 wherein the sphere

body has a di aneter of between about 0.003 inch (0.075
mm and about 0.06 inch (1.5 nmm, and the sphere body
surface | agér h’B]%e themmalk HaterbacreBAtabbyt @f ogsim 36 further

'n nglﬁg 91?199 %gg ggv\ge£lsé§?ggld ggom the group

e so pre orn1o erern
addpnsuetangpofseara éHftmnmb&@iswafmnﬂana@mals, alkaline-earth

co [ enum . The sol der. preform of

ol BBr35" HEPERTEERS Reffals: (it SOAMLAEHE P sablay thereot .
intrinsic oxygran getter conprising Zn. 32. The sol der
preformof claim30 or 31 conprising, as the bonding
corrponent 3&n Tre &deatnialy itriteanﬁﬁfce mte'ﬁ.'rﬁeab(ﬂﬁje:rlaim 36 further
pég ormof claim

n n
o0 o8 o hER s 857 By oRER B POLHRE Hrd Sl O the group
peshoL st Dig cdaim 3Ny Bl M%gnmal,smg, Z&§ HEheTBONU,Ngb, La, Ce,
conponent, Ag or an all o ereof . 35, The sol der
pPef g ¥dciEaimCde 3P 3BYeokbr i andgniskures anhmdilays thereof.
conmponent, Cu or an alloy thereof. 36. A thernal
interface material for bondi ng conponents of

el ect r oni ¢ davi TS .t Hand Ihdhireh fiadicenb e ei BBt Ef idAlaim 36 wherein
ggnpr|5|ng a sol der conponent conprising a bondi ng
MEGRE R E VEe ICOmPOR Mto AU e SIRFRIGIAS 13 ghepmah, conductivity

enBanBémeRl: cégpon&é‘nt A A Y $rom the group consisting of Al, Ag,
Cu, Al-coated Cu, Au, AlN, BeO, BN, high conductivity cermets,

cuprates, silicides, carbon phases, and mixtures thereof.

40. The thermal interface material of claim 36
comprising, as the bonding component, Au and a second metal selected
from the group consisting of Sn, Si, Ge, and mixtures and alloys

thereof.

41. The thermal interface material of claim 36 wherein
the solder component wets metallic and non-metallic surfaces without
extrinsic fluxing, the solder component comprising a bonding
component selected from the group consisting of In and In-8n alloys,
and further comprising an intrinsic oxygen getter selected from the

group consisting of



thereof, Bi alloys, and m xtures thereof; and an

addi tive conponent conprising an uncoated CTE

nodi fyi ng conponent having a coefficient of thernmal
expansion that is |ess than2€bout 10 pmnC. 23 37.
The thermal interface material of claim36 further
conprising an intrinsic oxygen getter selected from
the group consisting of rare earth netals, alkal
netals, alkaline-earth netals, refractory netals, Zn
and m xtures and alloys thereof. 38. The thernal
interface material of claim36 further conprising an

ML (RARN IR PnS LBt LIT) | DEEOL OBy etals, rave
Nb,edstch @talld,, Z8) abd mEMtutds did &loyéd timrdof.

m xtures and all oys thereof. 39. The thermal interface
material of claim 36 wherein the additive conmponent

further cqwrimthE | eoRdbEl by g SNANCFENLlaim 36

conmponent selected fromthe group consisting of Al, .
Apmprdsing -a cankidi layerAusoldet BesfoBh, shighture wherein the

conductivity cerpets cuprat es ilicides, carbon_ . .
FRRE | SREPARSPh, SONIIIES 48, TARSY nlpkgF  combrising the
IbIRTRE ecombehbAt &ildled MyBEh ¢Erh8HNEivas ddiponent, and

bondi ng conponent, Au and a second netal sel ected
fwhaneinetheotiprsodsivan ng bitamosmd begwesndagsgepddayer and

nd.al | oy herepf. 41. The thernal_interface :
T Eavars Wsseiforirn SR sl AT Chavgrs comprise
wRilsiareelhilc saldcned- febal the grodpermaidtdio of Sn, Cu, In,
extrinsic fluxin t he sol der conmponent conprising a

FehdfRg Aeodsbn é&%toya elaerert & BhdOYPoupnd sHisTtatLefythereot .
of In and In-Sn alloys, and further conprising an

intrinsic oxygen getter selected fromthe group
consi st U8y The?8hermal interface material of claim 36 wherein

the first layer has a thickness between about 0.001 inch(0.025
mm) and about 0.125 inch (3 mm), and second and third layers each
have a thickness between about 0.0001 inch (0.0025 mm) and about
0.02 inch (0.5 mm).

44. The thermal interface material of claim 36 comprising
a spherical solder preform comprising a sphere body and a sphere
body surface layer, wherein the sphere body comprises the bonding
component filled with the additive component, and wherein the
sphere body surface layer comprises a layer of unfilled solder
metal selected from the group consisting of Sn, Cu, In, Pb, Sb,

Au, Ag, alloys thereof, Bi alloys, and mixtures thereof.

45. The thermal interface material of claim 44 wherein
the sphere body has a diameter of between zbout 0.003



al kali nmetals, alkaline-earth netals, refractory
netals, rare earth netals, Zn, and m xtures and

all oys thereof. 42. The thermal interface material of
claim36 conprising a multil,ayer sol der preform
structure wherein the solder conponent constitutes a
first layer conprising the bonding conponent filled
with the additive conponent, and wherein the first

| ayer is interposed between a second | ayer and a

S O e TR A

CONbball figrfdceSlay6y, hdda tlﬂbkrﬁbss Betrwlen aﬁchﬂys 0005 inch
thereof, Bi alloys, and m xtures thereof. 43. The

theﬁﬁapl?ﬁt@m}aeedrﬁhqyﬁeﬂ 05f igchi fL385wHetein  t he

first layer has a thickness between about 0.001
inch(0.025 mm and about 0.125 inch (3 nm , and
second aﬁd tThe dheayeilsieaehf admveatertikilckfiemsy et wéahms 36 to

abaqut OOO and about 0.02
g e s AR ) RBCR ERP s 1P P g he group
3@&@1@t'1$i§‘€f k%r%ﬁ'l@.ﬁl’ncé‘iléé’l Qﬁﬁm@ﬁﬁﬁ\%ﬂ&@”ﬁﬁhﬁhﬂﬁm%ltrlde,

sphere body and a sphere ody surface I ayer, wherein

t lgd W@W%n@ll;@@ntdeobodaungowcmmmon iron-nickel
f||| g Oéhg addltlve (of0) onent (gnd mhf 1
sgher "0 y Surt cesf3§eF658 S H%We O%fexPanSlon g-ass

upbiideed , sahdemixBaikak aﬁéeebsd fromthe group
consisting of Sn, Cu, In, Pb, Sb, Au, Ag, alloys
t hereof, Bi all oys, and nixtures thereof. 45. The

th L ' .
spher & boag TRachariEL e e BB OB of; Baims 36
it g Gvffla?xEEIm)tl"amdr']abomddﬁﬁ&g nedinfcnentms mold/Hdegium.

sphere body surface |ayer has a thickness between
about 0.0005 inch (0.0125 nm and about 0.05 inch

(1.25 @m) . %2‘% gﬁgﬁmﬁe{x‘}@érﬂégrrﬁf&@rfﬁ e 2nybrd¥aims 36 to

of clalns
45 wherein the thermal interface material comprises about 10% to

about 70% by volume of CTE modifying component.

45. The thermal interface material of any of claims 36
to 45 wherein the thermal interface material comprises about

10% to about 50% by volume of CTE modifying component.

50. The thermal interface material of claim 47 comprising,

as the bonding component, Sn or an alloy thereof.

51. The thermal interface material of claim 47 comprising,

as the bonding component, Pb or an alloy thereof.



45 wherein the CTE nodifying conponent is sel ected

fromthe group consisting of beryllium oxide,

al um num oxi de, alum numnitride, silicon carbide,

silicon dioxide, |ow expansiag iron-nickel alloys,

| ow expansi on ceram c powders, | ow expansion gl ass

powders, and m xtures thereof. 47. The thernmal

interface material of any of clains 36 to 45 wherein

the CTE nodi fyi ng conponent is nol ybdenum 48. The

thermal interface material of any of clains 36 to 45

wherein the thermal interface material conprises about

10% t 0 saboghe7€ertna1Y @htaRf 9fe GHecraalfof R aim 47 comprising,
conponent. 49. The thermal interface material of any

of 2Fdthe BEnding somgenesitn At othanmal 1oyt Brerres -

mat eri al conprises about 10%to about 50% by vol une

of CTE nodi fyi ng conponent. 50. The thernal interface

mat er i a3 of Théaihaxzﬂrﬁlcbnpei:ﬁﬁcmgmatasiahenfoomdimgét'7 comprising,

on or an al |l oy thereof. he therma
U 1t DT Rt S G5 SlNGY HSEERE
bondi ng conmponent, Pb or an alloy thereof. 26 52. The
thermal interface material of claim47 conprisin
t he borkfi-ngfhes rperanil ingeviace matiesyiatlhef evfaing 6 Wlhereln the
therg&h |gEe5§acgnnat§E|al of claim 7 conprising, as
thenbongsng coﬁgone%? T GF"BH3FY o5t hereof . 54. The
thermal interface material of claim 36 wherein the
intrinsic oxygen getter conpri ses Zn. 55. The thernal
i nterf &% nﬁﬁert hgregl dnredfageampsessal of snyRéEr gipims 36 to
tsl;le“%%@ d'éﬁfé n@Tﬁoﬁgag%%.ngo%%nE)%%eln%cld‘gjes ¥t include any
wet t'1 ng eénhanci ng coa
wetting enhancing coating.



