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Conpositions Conprising Indium and Zinc TECHNI CAL FI ELD [ 0001] The

i nvention perteoesgcinait hermal interface materials, and in paTivsoizaz
applications pertains to thermal interface materials conprising indium and

zinc. The invention also rtains, to,co Ltions.conprdsing indium and
zinc. The invent ih%n%%ln[rftgﬁ?ﬁgMﬁ@@?n%ammﬂﬂﬂ“%@gﬂ'ﬁpﬁémg]@%m
interface materials. BACKGROUND OF THEAN®VERT|I ON [ 0002] Thernal interface
materials (TlIMs) have nunerous applications for conducting heat to and/or
fromelectrical conponents. One application of TIMs is to conduct heat away

from sem conduTEQHNIE®LGHELDuUri ng operation of integrated circuitry
associated with the devices. [0003] It is desired to devel op conpositions

whi ch can be UEddoH?ed f orhe ifbdftion!pertamsab sterfRs int@thdehnbtetiar, hdd have high

thermal conductivily for present ‘and future sem conductor packages. It is
further desiregd,t: ~hk oSt f | L | :
sem conduct or gaer]\-t/'{a?ér gﬁ@'cgil%d%aelﬁ%stg?}engﬂé@)éﬁgéi@g@%gsﬁ%rﬁﬁﬂﬁfm??%esi red
that the TIMs b It ghl . i | ef: ; have a

| ow modal us wi £ An TDenaveglief SRS ARRaR R HlecRiRRRheraRHing ifuft B

zinc. The invention can further pertain to methods of forming thermal interface

materials.

BACKGROUND OF THE INVENTION
[0002] Thermal interface materials (TIMs) have numerous applications for
conducting heat to éndlor from electrical components. One application of TIMs
is to conduct heat away from semiconductor devices during operation of
integrated circuitry associated with the devices.
[0003] B It is desired to deveiop compositions which can be utilized for
TiMs. Itis also desired that the TIMs have high thermal conductivity for present
and future semiconductor packages. It is further desired that the TIMs be

Lo suitable for utilization between a semiconductor device and a lid (heat spreader).
Additionally, it is desired that the TIMs be suitable for bonding to a variety of

surfaces and have a low modulus with high strength,

SUMMARY OF THE INVENTION
[0004] In one aspect, the invention inciudes a semiconductor package. The
package comprises a semiconductor substrate and a heat spreader proximate

the substrate. A thermal interface material thermally connects the substrate to



[0004] In one aspect, the invention includes a semi conduct or package26-Joe2006
package conprises a sem conductor substrate and a héat spreader proxinmte

t he substrat rmal interface material thermally conn ubstrate
tor T e oL e 051064715 PLS02 12621 the heal spreggé’r%’?%%“eﬁt her mal

interface material consists essentially of In and Zn. Alternatively, the

t her mal i nt er thecheatspesadslr. The thasmal intertase ematpedlicpngistsiassetially ghth antke or
nore el ements selected fromthe group consisting of My, Ca, Nb, Ta, B, A,
Ce, Ti and Zr ZnThdtethratively: thet thetmnal inteiface matehial ¢ant eanisist essemtiaky offlor Zn
exanple, fromabout 0.6 weight%to about 3 weight% (0005] In one aspect,

t he i nventi onahdohedesnarepes selesteddiosn e grgup esrssstingadf Mg, €fa, Nb, dad Zn.
The Zn concentration within the conposition is from about 0.5 weight%to

about 3 wei ghBYn, The Ti ave Tri The @nsgankenttalide svithin henpaisfislican beofusi sti ng
essentially of In, Zn and one or nore of My, Ca, Nb, Ta, B. At, Ce, Ti and

Zr. BRI EF DESERIRT ol addde oBRAMLNG, {0886k 3uakmps.ed embodi ments of the

i nvention are descri bed below wt reference to the acconpanyi ng draw ng.

The drawing slis1a dh BAEATHEL! fhe ifehton iffildeaBAloniicRioRlcoRs3Hl Conduct or

package illustratrng an exe ary aspect ofthe i1 nvention. LED

DESCRI PTI ON Géss-[alﬁ"t:‘:aﬁ)ﬁgf E%%%DZEWEN%M%W&FW within the composition is from

about 0.5 weight% to about 3 weight%. The invention also includes a

composition consisting essentially of In, Zn and one or more of Mg, Ca, Nb, Ta,

B, Al, Ce, Tiand Zr.

BRIEF DESCRIPTION OF THE DRAWING

[0006] Preferred embodiments of the invention are described below with
reference to the accompanying drawing. The drawing shows a diagrammatic
cross-sectional view of a semiconductor package illustrating an exemplary

aspect of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0007] A composition formed in accordance with aspects of the present
invention ¢an be used to create all or part of a thermal interface material
between a heat source and a heat sink, and/or a heat spreader. The themal
interface material can be considered to aid in transferring heat from one surface
10 another.

[0008] Compositions of the present invention can comprise, consist

essentially of, or consist of In and Zn. Alternatively, compositions of the present



10007] A conposition formed in accordance with aspects of the presenty juL 2006
I nvention can be used to create all or part of a thermal interface materi al
bet ween a hea{yos9MESH and a heat sink, and/or a heat spreadgfeysihgsher mal
interface material can be considered to aid in transferring heat from one
surface to another. [0008 ngc?smlons o{ t'he resent invention can

conpri se, cons'P%?“t'oésCéBrFP ’159 nsisy essestialhs e W‘%ﬁ&'%ﬁ"%dt@}en%ftlvely
conpositions of the present 26 JUL 2006 V\D 03/ 06-1713 PCT/ USOZ/ 12821

i nvention can @Gfﬁpﬂﬁ@émséﬁiﬁq@q freethp group pngsting pf Mgn&astibofa B Alze.and one
of nore elenents selected fromthe group consisting of Myg. Ca, Nb, Ta, B,
A, Ce, Ti anbiardZrTHbeZn mrva\r/lam@W@lﬂmm't@@mgmnfﬁger&émbe present
to a concentration of less than or equal to 3 weight% and in particul ar
conposi tions gaeebteatipnexfézds than ar equaldm 8 maetightth, ahdlirepartictlanceompesficas t o
about 2.2 weight% If one or nore elenents selected fromthe group

consi sting of &dhbeéSareséltto BacorBentrtion ddasstharBeediial & beutesB Weightde ift ot al
concentration of such one or nore elenents can be | ess than or equal to

1000 ppm I N peHel braHbrareléRBhisCidcetbfromife giod q’ﬂonS@.ﬂ BfM%aCQVN@fTéfE? one or

nore el ements sel ected fromthe group consisting of , Al
Ce, Ti and zr ieeﬁsantd@r"hrgr r@éﬂh@'thé‘ibtél%nc@rﬂfﬁhoﬁrof%M&‘i‘on‘w@%ﬁme@n or equal
_to 200 ppm [0009 The el enents 1 ncor por at ed Zn and In various TIM

glements can be less than or equal to 1000 ppm. In particular applications, the
total concentration of the one or more elements selected from the groub
consisting of Mg, Ca, Nb, Ta, B, Al, Ce, Ti and Zr Is less than or equal to 500
ppm, or even less than or equal to 200 ppm.

[0009] The elements incorporated with Zn and In in various TIM
compositions of the present invention can, in particular aspects of the invention,
be considered dopants which aid in bonding the TIM to a silicon nitride surface
associated with a semiconductor die. Accordingly, it can be desirable to utilize
dopants whicl} irnprove interaction of In-Zn with such surface. F rom
thermodynamic data, Mg, Ca, Nb, Ta, B, Al, Ce, Ti and Zr are identified as
having more stable nitrides than silicon. This would indicate that they would tend
to react with the silicon nitride and form a good bond. Mg was chosen for the
examples that follow, as it forms a reaction product with silicon and does not
form intermetaliics with In or Zn which could embrittie solders comprising in and
Zn. In various applications of the invention, one or more other elements selected
from the group consisting of Ca, Nb, Ta, B, Al, Ce, Ti and Zr can be used in

addition 1o, or aiternatively o, Mg.



conpositions of the present invention can, in particular aspects of t®QuL 2006
i nvention, be considered dopants which aid in bonding the TIMto a silicon
nitride surfaggygisAsi ated with a sem conductor die. Accorglifighynedt can be
desirable to utilize dopants which inprove interaction of In-Zn wth such
surface. Fromthernodynam c data, M% Ca, Nb, Ta, B, A, Ce, .Ti and Zr are
identified as [R&WIng ncf BadipYlgr waieripl wiliged inanects| of hGPreseitd \RIUPH SN di cat e
that they would tend to react with the silicon nitride, and form a good
bond, My was cHg¥@m PBPOHEn WB&@Q#BF‘@&'S%éP”?'B‘PIW"t!i%WRf-PbF%S'%{SPgé i on
product with silicon and does not forminternetallics with In or Zn which
coul d enbritt| dessdhareprequahior 1000mpm Madthe effest of Mo saems iadegrprie Mutdhs of
the invention, one or nore other elenents selected fromthe group

consi sting of @am Msts, with aplg pencedsation ofdreemn apout 2A0 pemuiesdorhSOGRRINt i on t o,
or alternatively to, My. 3 26 JUL 2006 WD 03/064713 PCT/ US02/12921 (0010] A~
particul ar mat @ppedringtto bexptimahingstiasias appliaatieny)i €9 dess tharvenequahtochn  have a
conposition which conprises, consists essentially of, or consists of: (1)

| ess than or eaqudhtbecZrl@0@ngsod fkdm @bbet &5 eght®6fto Rhoutecweight¥elyr ade i n 1000
ppmtests, with a My concentration of from about 200 ppmto about 500 ppm

appearing to beappeirsi@be typidadly tesitabsy, withpl weight?®ds being2refeestde inhan or equal
to 3 weight% Zn (a range of fromabout 0.5 weight%to about 2.2 weight% Zn
appears to be fyRicark byplkasdristdrR (3nndlurt. Ve ehicntéfatidvedf e qynefegfabl e in
example, within a range of from greater than 0 weight% to less than or équal tod
{ weight%; in some applications within a range of from greater than 0 weight% to
less than or equal to 2.5 weight%:; in further applications within a range of from
greater than 0 weight% to less than or equal to 2 weight%,; in yet further
applications within a range of from greater than 0 weight% to less than or equal
to 1.5 weight%,; and in yet further applications within a range of from greater than
0 weight% to less than or equal to 1 weight%. In various particular applications
the concentration of Zn.can be chosen to form a eutectic alloy with the In ofa
composition.
[0011] In one aspect of the invention, an In-based alloy comprising about
1 weight% Zn and less than or equal to about 1000 ppm Mg is produced. The
alloy is found to wet and bond (adhere) well to silicon nitride coated substrates.
Various components of the alloy can impact physical characteristics of the alloy.
For insténce, indium can provide a low modulus and high thermal conductivity;

zinc can improve the alloy's high temperature corrosion resistance; and

magnesium can improve wetting and bonding to silicon nitride.



particul ar-applications); and (3) indium The concentration of Zn can
for exanple, within a range of fromgreater than 0 wefght%to | ess t
equal to 3 | %..kn sone applications within a range of ter
than 0 wei ght 0(9«5}906/?761%8 than or equal to 2.5 weight% in fu?é.{{gérnzm’ﬁ?
applications wwthin a range of from greater than O weight%to |ess than or
equal to 2 wei §0AT2] i n yEte dlloytdomprisimgdhi aandMg canthiel fameed by (9 nikingr om
greater than O weight%to less than or equal to 1.5 weight% and in yet
further applicplecensf in Zhianddg enegals of a fraphitg creaibds; (Rjmaaiting tveemgtdidata | ess
than or equal to 1 weight% In various particular applications the
concentration fmp@ratueaobleortlabaans@Citoraroat INOCEad icrmpd aytemimixtuteh¢d)l n of a
conposition. [0011] In one aspect of the invention, an |In-based all oy

conpri sing aboEburir@% e ingditeto miktuaa thtb @SRolll 1608 desir@fistidpet and D WoolPBeppm My
Is produced. The alloy is found to wet and bond (adhere) well to silicon

ni tride coat edpgyled kit the mMEﬁrtbq t|$n GQBRPARES §f Ak a‘ilB@héJ:ilagIS’YnééﬁkirEHpaCt

physical characteristics of the alloy. For instance, indiumcan provide a

| ow modul us_angh [ aNridiGeEREE 0aGeLb I e o2 BefiRliel T BKGeltifafhbAY. S

hi gh tenperature 'corrosion resrstancé; ‘and nmagnhesium can 1 nprove wetti ng and
bonding to silicgon njtride. .4 26 L 2006 31064713 PCT/ 2/ 12821
100121 The al | B§MRshishufifiss 14:1om3 iRRR BRTE SHARE For R RuTP 1RG5

pieces of In, Zn and My netals in a graphite crucible; (2) nmelting the
metals at a  Solder.

2 U1, 2006
an of

[0013) In particular aspects of the invention, alloys of indium hav-ing
greater than 95 weight% indium (such as alloys having greater than 98 weight%
indium, and in some applications greater than 99 weight% indium} have thermal
conductivities close to that of pure indium (82 W/m™K). The alloys can consist of,
or consist essentially of, for example, alloys of In and Zn which the concentration
of Zn is from about 0.5 weight% to about 3 weight%. The indium of the alloys
can enable the alloys to wet various surfaces. Wetting tests indicate that the
alloys can have wetting forces approaching 500 microNewtons per millimeter on
nickel. Zn can impart strength to the alloys, and can improve oxidation

{ resistance of the alloys relative 1o the oxidation resistance of pure in.
[o014] Campositions of the present invention (such as In/Zn alloys) can be
cast by conventional methods in air or under inert atmospheres. The metals can
be melted together at, for example, about 450°C during the casting. Stabs or
billets can be produced by the casting. The slabs or billets can be further
processed to form ribbon or wire of the alloy compositions, The ribbon or wire

can subsequently be utilized as a solder to form TIMs in pariicular applications.



temperature of from about 150'C to about 350'C to forma nolten nm xtusejui(s3be
pouring the nolten mxture into a nold of a desired shape; and (4) cooling

the mxture M"@h@“ﬁ@i nold to forma solid mass of the al‘{fgé{?t}%g\;’is{}g t he

desired shape. s can subsequently be rolled or extr

conventional netal - working techniques to formribbon or wire suitable for,
for exanpl e, utf8015ht i onAddry isierfdee”. orope wih npintpdacs watesial preprrdtwillof t he

i nvention, alloys of indiumhaving _greater than 95 wei ght% i ndium (such as
al | oys havi ng deiaaironihhaveosctyalicghtast ovenabanh! “anldhe interfane atpprve i ons
greater than 99 wei ght% indlum have thermal conductivities close to that
of pure indi umEBPoSEppEKSUMarRgOYgNeys) andMmaasersopic (srface gyarpagesoraron-
essentially of, for exanple, alloys of In and Zn which the concentration of
Zn i s from abouwlagarByniregliadics®f ronatig conpnests. The remainden offthe dey al | oys
can enable the alloys to wet various surfaces. Wtting tests indicate that
the alloys caninterfaes aeda ¢contpifisoam &ir gapd rorashwhigh 20O difficait ddNeovidunshezdr
mllimeter on nickel. Zn can inpart strength to the alloys, and can inprove
oxi dati on resilatradusngé thdmabinteofnse matelal vt this didyapaatea abn nproesthet ance of
pure In. [0014] Conpositions of the present invention (such as In/Zn alloys)

can be cast bywraizpueof themhl ererdo@eal) from dneQiomipeert tb AAbtheat nospheres. The
netals can be nelted together at, for exanple, about 4500C during the

casting. Slabs @o1epi | | etraersd rdipstiicdisiesly yeas DR sARsirianthterfdee nsatédn or
billets can be further processed to formribbon or wire of the all oy

conposi tions, Th&foinBREE Pherdial Rsisfehite FtRE esthisdthtuye B©p Wetdss2RSlingsfage SOl der
to formTIMs in particular applications.

{ times the interface area divided by the power flowing through the interface
(reported in units of °C cm?W). The thermal resistance can be broken into three
parts: {1} a contact resistance at the hot surface going into the interface material,
(2) a bulk resistance due to thermal conduction through the interface material,
and (3) a contact resistance at the interface material/cold surface junction.
These are series resistances, which implies that all of them should be low to
have a low overall thermal resistance.

[0017] The bulk thermal resistance is low when the interface material
thermal conductivity is high. Accordingly, it is generally desired that an interface
material have a high thermal conductivity. The thickness of an thermal interface
material can also impact bulk thermal resistance, with thinner thermal interface
materials having lower resistance than thicker materials. Accordingly, it is
generally desired to use thin thermal interface materials.

[0018] The contact resistance between two contacting materials is

preferably low. The contact resistance can be reduced if surfaces of the

contacting materials interact with one another. For metallic materials, it is



5 26 JUL 2006 WD 03/064713 PCTI US02/ 12821 [0015] A "dry interface" or, Eﬁg
with no interface material present, wll typically only have actual ) 206
over about | pfskirgsinterface area due to mcroscopic (Suydragmyfasghness)
and macroscopi ¢ (surface warpage or non- planarity) irregularities of the
mat i ng conponents. The remnai nder of the dr interface area contains an "air
gap" across whdesiegitojhaveigped wetting Rehayiod (errerdiag of opemaserialiraigtive ther nal
interface material into this air gap area can inprove the transport of

t her mal ener gyandiben)) Ta mr@mrai@hwgm time (@aephesed tomid pfteh thenaint is

resi stance typically neasures thermal interface material perfornmance.

Ther mal resi stfonced]), # i$ Hesitabig tor baver afairdagree obesituah eolubility; irdermetelices t he
interface area divided by the power flow ng through the interface (reported
inunits of C amZdhgompdend gredogtion; asy sf which caamréeofergdoeh into three

parts: (1) a contact resistance at the hot surface going into the interface

material, (2)adneithde/b&rding anee intdfadoObétheertlontrtiny fiatérmals NAQsghg t he
interface material, and (3) a contact resistance at the interface

material /col d g4 e?riddagshis%n aid ES&i&Vi éﬁéio?ﬁmrrfgmeaﬁo%.déyehs&i mpl i es
ou e |

that all of thems owto ave a T ow overa t hermal resistance.

ther mal  conductTVERPIReoriEg R ARGty BRI C Ol 211 Geti e Chat an

interface material have a high thermal conductivity, The thickness of an
thermal interface



material can al so inpact bulk thermal resistance, with thinner thermabguL 2006
interface nmaterials having | ower resistance than thicker materials.

Accordi ngly, ‘8? 5 g_‘eneral |y desired to use thin thernmal i“ﬁ&fﬁfb%?
§]l, ﬁi‘ﬁe i 2821

materials. [O contact resistance between two contactihg nmaterials is
preferably low. The contact resistance can be reduced if surfaces of the
contacti ng mateemapsitionseebexempiary saenles ofsraterial formed in acopsdangewith | ¢
is 6 26 JUL 2006 WD 03/06J713 PCTf US02/ 12821 desired to have good wetting
behavi or (spreadi ng of one nat aspeattsref theipresent inyaotiher). To i nprove
reliability overtinme (as opposed to right after the joint is formed), it is
desirable to have a fair degree of nutual solubility, internetallic, and/or
conmpound production, any of which can pronote good adherence/ bondi ng at the
interface betwsgmme@ntacting nmaterials- Alloying additions or dopants can
aid in achieving one or nore of the above-described desired properties

bet ween cont a?bﬁ‘ﬁa mat ey @drﬁpos?tio’r@ce}r\#is@@@@enn\é@ 88/ eaRdistsRETInT 4 %ﬁ%ﬁﬂ

Conposi tions eXenpl ary sanples of material formed in accordance Wt

aspects of th%r{)%ﬁﬁ‘%@b ﬂpm\{wl on Exanple |

Example 2
[0020] A composition consists essentiaily of, or consists of: In, 1 weight%

Zn, and 500 ppm Mg.

[0021) Materials encompassed by various aspects of the present invention
can be used as, for example, free standing solder (applied in ribbon, wire or
preform shapes), solder paste, anodes, evaporation slugs, or solder components
of polymer—.solder hybrid interface materials. A schematic illus.trating auseofa
fhermal interface material comprising a composition formed in accordance with

L an aspect of the present invention is shown in the Figure. More specifically, the
Figure shows an assembled electronic package 10 comprising a base 12
supporting a semiconductor substrate 14. Substrate 14 can comprise, for
example; a silicon die. Base 12 can comprise electrical connections (not shown)
utilized for connecting circuitry (not shown) associated with substrate 14 to
devices external of package 10. Substrate 14 can be connected to the electrical

connections of base 12 through flip chip bumps 16.



[0019] A conposition consists essentially of, or consists of: In, 1 wej
Zn, and 250 ppm My. Exanple 2 [00201 A conposition consists essentially
or consists 6o obta7ils Wei ght % Zn, and 500 ppm My. [0021] Mecenisad sz

enconpassed by various aspects of the present invention can be used as

exanpl e, free
sol der paste,

BhBRE S " dchtat splees Bk PRl osrelsrido ap IR Fecionr

pol ymer - sol der hybrid interface materi al 8 A schematic illustrating a u
a thermal intspbogimenhiopns 2 lidefiRackapsd®a conposition forned in accord
with an aspect of the present invention i s shown in the Fi gure. Mor e

speci fical Iy, ©OR23] Fi guAcherpakdnterfase seatelial#0dp BEqvidad ketyge

d\gat apyeader

conprising a base 12 supporting a sem conductor substrate 14. Substrat
can conprise, Tooand sutmiple 14.aThelthewms! interfag@amaterial thermalhhgennsestsel ect ri cal
connections (not shown) wutilized for connecting circuitry (not shown)

associ at ed W tdubsttbet Téwith hédat spredewur t& aneit trenstlovof epbodiaget is(phySicaly r at e
14 can be connected to the electrical connections of base 12 through f

chip bunps 16.5c3i%% bdtdsitfbte YPaAGHREH<Prdadlr8ISOR/ 1o 2R AindcPétdsd, mdvhset,

spreader 18 is proximate substrate 14, and in the shown enbodi ment for
lid of packagendOsther embodiments (not shown) can be utilized in which thermal interface

material 20 is separated from one or both of substrate 14 and heat spreader 18
by other materials, Preferably such other materials are thermally conductive to
enable thermal energy to be transferred across the materials to and from the
thermal interface material. |

[0024] Thermal interface material 20 can comprise any of the various
compaositions of the invention discussed above, inciuding, for example,
compositions consisting essentially of In and Zn; as well as compositions
consisting essentially of In, Zn and one or more of Mg, Ca, Nb, Ta, B, Al, Ce, Ti
and Zr.

[0025] To aid in interpretation of the claims that follow, the terms
"semiconductive substrate” and “"semiconductor substrate" are defined to mean
any construction comprising semiconductive material, including, but not limited
to, bulk semiconductive materials such as a semiconductive wafer {(either alone
or in assemblies comprising other materials thereon), and semiconductive
material layers (either alone or in assemblies comprising other materials). The
term "substrate” refers to any supporting structure, including, but not limited to,

the semiconductive substrates described above.
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(00231 A thermal interface material 20 is provided between heat spréﬁdBFzmT8
and substrate 14. The thernmal interface material thermally connects
substrate 14 with heat spreader 18. and in the shown ‘enbodi nent is
physically against both substrate 14 and heat spreader 18. It is to be
under st ood, however, that other enbodi nents (not shown) can be utilized in
whi ch thermaLAErface material 20 is separated fromone or both of
substrate 14 and heat spreader 18 by other materials. Preferably such other
materials are thermally conductive to enable thermal energy to be
transferred across the materials to and fromthe thermal interface
material. (0024] Thermal interface material 20 can conprise any of the

various conpositjons @afsdhe Lavest b&ka E;ﬁ})ﬁlﬁﬁin@bove’ i ncludi ng, for

exanpl e, conpositions consisSting essentl n and Zn: as well as
conpositions consisting essentially of In _Zn.and one or.nore of M), Ca.

o T B A oo i assenducherbeSialesoiidng sl Bnifs s et he ol ai m
that follow, the ternms sem conductive substrate" and "sem conduct or
substrate" are defi nedathgatsareadanprednate thetsubstralendhdsi ng ser ni conducti ve
material, including, but not limted to, bulk sem conductive materials such

as a sem conductive wahehermealtierfaat omeeriaithemmallycenhbetirg thengulistrategteot her
materials thereon), and sem conductive material layers (either alone or in

assenbl i es cHdatishlefdte theMhefhhPintorfacéRateHErsBing BBAdd dicthe' Sif@ns to any
supporting structure, i ncl udi ng, but not limted to, the sem conductive
substrates dgpfid DEFadPIE thermal interface material consisting esse wtially of In, Zn, and

one or more elements selected from the group consisting of (:a, Nb, Ta, B, Ce,

Ti and Zr; with the Zn concentration being from about 0.5 wel Jht% to about 3

weight%.

2. The package of claim 1 wherein a total concentration of the one or
more elements in the thermal interface materiai is greater tha 0 ppm and less

than or equal to 100C ppm.

3. The package of claim 1 wherein a total concentration of the one or
more elements in the thermal interface matarial is greater thar) 0 ppm and less

than or equal to 500 ppm.

10



9 26 JUL 2006 CLAIMS | A semniconductor package, conprising: a seni ¢g6AHL2¥sr
substrate conprising a silicon nitride surface; a heal spreader proxinate
the substrate; and a thermal interface nmaterial thermally connecting the
substrate to the heat spreader; the thermal interface material being bonded
to the silicon nitride surface; the thermal interface material consisting

essenitially of la, ZnThanshcl@ge oficldiny £whlbrdlr atistas ebres: retibh @Mtidieng bpup
consisting of Ca, Nb, Ta, B, Ce, Ti and Zr; with the Zn concentrati on being

from about 0 5,a6digRkNd A REAHbmR iHﬁHﬁE&%a@nalT@ﬁrMﬂﬁ OoéPfﬁlr?Z"d[rﬁ%sr Tl

wherein a total concentration of the one or nore“elenents int

interface m%al‘ IS l3r<€=g'h:1ﬁer than O ppmand less than or equal to 1000
ppm 1 The p Bée‘(wa P& ¥PWRherein a total concentration of the one or
nore elements in the thermal Interface material is greater than O ppm and
| ess than or equal to 500 ppm 10 26 JUL 2006 4, The package of claiml
wherein a total concentration of the one or nore elenents in the thernal

interface material is greater than O ppm and | ess

5. The package of claim 1 wherein the one or mcre elements include
Ca.

6. The package of claim 1 wherein the one or mo "¢ elements include
Nb.

7, The péckage of claim 1 wherein the one or moie elements include
Ta.

8. The package of claim 1 wherein the one or more elements include
B. ,

9, The package of claim 1 wherein the one or mor 2 elements inciude
Ce.

11



than or equal to 200 ppm S. The package of claim 1 wherein the one2&fUntfi0e
el enments include Ca. 6. The package of claim 1l wherein the one or nore

el enents include Nb, 7. .The package of claim 1l wherein the one or nore

el enments include Ta. 8. The package of claim 1 wherein the one or nots

el ements include B. 9. The package of claim| wherein the one or mar -

el ements include 1§%. P phbk cldith 1 wheeeinark aae itfméieadigmenipiiele the
one or nore elenments include . 11. The package of claim 1l wherein the one
or nore el erpnt s include 2zr. 12

11.  The packagse of claim 1 wherein the one or more elements include

pAS
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