WD 03/ 064713 PCT/ US02/ 12821 Thermal Interface Materials, and Conpositions
Conprising Indium and Zinc TECHNI CAL FI ELD [0001] The invention pertains
to thermawoimstoesfiace materials, and in particul ar appli c@dnose2pmet ains to
thermal interface materials conprisi ng i ndium and zinc. The invention also

pertains to Itio r Si m and ..zi nc~ The .inventi on can
further per-lrgﬁgpfiél ﬁ%& t?H?ﬂ?g arﬁéPmoﬁﬁlPaSrQ@é“PHéi%Q iRgum
BACKGROUND OF THE | NVENTI ON [ 0002] m@d@nq nterface nmaterials (TI I\/B) have
nuner ous applications for conducting heat to and/or fromelectrical
conponents. One application of TIMs is to conduct heat away from

sem conducﬁmHm@AQquqj_gl ng operation of integrated circuitry associ ated
with the devices. [0003] It is desired to devel op conpositions which can be

Contuet s vi B00aT M- the [ivefiaPplftans 8 thethalibterBblmndBHaisIaf id 1o7 T

gonducél V|h presen ature sem con ages is further
esired that b t | ti b d
devi ce anooagtw\areaelaa‘ﬂeawsaa?ystgta\aran o a 45 mienels GEep TS el e

TIMs be suitable for bonding to a vari ety of surfaces and have a | ow
modul us wiand Engh Therivggtion aleppARFINSHO TQMRANENTS eNPrising indium and

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 énd/or 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] - It is desired to develop compositions which can be utilized for
TIMs. ltis also desired that the TIMs have high thermal conductivity for present
and future semiconductor packages. It is further desired that the TIMs be
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 includes 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 sem conductor package. The
package conprises a sem conductor substrate and a heat spreader proxinmate
t he substwatos/oe#1s hermal interface material thermally conmeatisor/ms21
substrate to WO 03/ 064713 PCT/ US02/ 12821 the heat spreader. The thernal

ther mal | AenEakePaer heGe i uPtpe Skl eﬁﬁef‘“%%'v%m%aﬁe o

nore el ements sel ect ed from t he consi s | . AI ,
Co. 1 el AlaTatyalY cteciBRITa MISTIERE TR G oh atrgoas FEFssatiialeof fozn

exanpl e, fromabout 0.5 weight%to about 3 wei ght% [0005] In one aspect,
the i nventanshonenot ondee e&emenhscmleqted]froahﬁ'i%grqu@ cansistingiafiMg, @a, Nip, Band zn.
The Zn concentration within the conposition is from about 0.5 weight%to
about 3 weB glif &e, Thend @yeThiedn ebrseentratibndeithim thee praterdal tdaorbe; forsi st i ng
essentially of In, Zn and one or nore of My, Ca, Nb, Ta, B, A, Ce, Ti and
Zr. BRI EF &5 H%,g\éggatww)afgmw/m ABRR B wEighter red enmbodi ments of the

i nvention are described bel ow wt reference™to the acconpanyi ng draw ng.
The draw ws mf Eﬁfe conduct or
package i I °§$fat "ﬁ é%géger‘rp éaﬁyeﬁtgés?f@g %fﬁgﬁfﬁé\%@\é’p ?%HQISEEQAI LED
DESCRI PTI ON OF, THE REFE D | MENT 00071 . ositi.on. fPrmed I n
accor danc Essentiallysofdpand,£ny ncgen ra ion within'the ¢ mposition is Tro

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 can 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 thermal
interface material can be considered to aid in transferring heat from one surface
to another.

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

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



I nvention can be used to create all or part of a thermal interface materi al
bet ween a heat source and a heat sink, and/or a heat spreader. The thermal

i nt er f acewoaB@s47a3 can be considered to aid in transferri mgThesaz/ifseom one

surface to another. [0008] Conpositions of the present invention can

conprise, .consist essent.ially of, ar _cgnsisst of | d 4n.. Al ternatively,
conposi ti JR¥ETHOn ¢RN ﬁ?@ggﬁ?" C%‘%e@ﬁﬂ%ag&l ' ?’tﬁ?rﬂﬁgﬁaqaéﬂ anp Rt on can
conprise, consist essentially of, or consist of Lp - Zn and_one aqr _nore
el ement s SBPERelemanty selesied iremheHevR CPRYSHRI %Rﬂgcia»mﬂo, B Al 6P, ce.
Ti and Zr. The Zn in various exenplary conpositions can be present to a
concent r at Ti@ndoZr. | B Znlimnvagous gyampiasy Sompiogitions candbe present tacal ar

conpositions can be present to a concentration of |ess than or equal to

about 2.2 owicghtration bf lessehan ometyaakosweight%e badtie gpatticutart doenpositigns
consisting of Mg, Ca, Nb, Ta, B, A, Ce, Ti and Zr are present, the total

concent r at ipnpebresdhid t® B oRteARASon Bf IREE Mdn 6REqHA thebdut Panweighesual to
1000 ppm 1In particular applications, the total concentration of the one

or nore el&{gag; %ﬁ?éﬁ%ﬂs%@’é&é@ﬁoﬂ{g\‘épqrgﬁggzgair@%igﬁg og‘;M%/\%anﬁoe, ™gTa B

A, Ce, Ti an ess anor ‘equal _ ss'tHan or
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aspect s Ofelterr}\eenitsngaer%ia?gés than or equal to 1000 ppm. In particular applications, the
total concentration of the one or more elements selected from the group
consisting of Mg, Ca, Nb, Ta, B, Al, Ce, Tiand 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 which improve interaction of In-Zn with such surface. Frpm
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 intermetallics with In or Zn which could embrittle 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 to, or alternatively to, Mg.



be consi dered dopants which aid in bonding the TIMto a silicon nitride
surface associated with a sem conductor die. Accordingly, it can be

desi r abl ewom3wti7hs ze dopants which inprove interaction ofecirresémizset h such
surface. Fromthernodynam c data, My, Ca, Nb, Ta, B, Al, Ce, Ti and Zr are
| dentified havi n re stable nitrides than sildjcon. This would

i cate’ (RBN oy & pPRcianaiesief LAl AsPpfe i he EBpeeT NI or m
good bond. My was chosen for the exanples that foIIov¥, as it forng a
reaction JrY@LREOMPORILION WhISH caRPrigeasconsists espantiallyinet ePnsiels ofih 1n or
Zn which could enbrittle solders conprising In and Zn. In various

appl i cat i dass tfan dreequal ém1068 ppom Mpithereffectofi¥g seemeetordegratde in 4000 r om
the group consisting of Ca, Nbo, Ta, B, Al, Ce, Ti and Zr can be used in

addi tion tgpmaeests) with adily\vongehpatidijof BoM@HRIt 260 Fkin REAbLGOFDA AL [ 0010]
A particular material utilized in aspects of the present invention can

have a co | i ] ; j insti ! i st
lnie)pgb%a:nhg%% %lﬁ@lﬁﬁ@éﬁ&:l&%ﬁn‘ﬁﬁlﬁgﬁ??ﬂs%rléésa{HaY\ &equil t¢@nsi st s

of : (1) n or equal to 1000 e effect of seens to

. \ _ My
dear ade 1 AR AP LABESS 1k BeBubb SS0RGAM 8 LHA o7 heRRADAL! 200 ppm

to about I'n-partircular applications); (2)
| ess than or equal to 3 L ght % Zn (.a_ ran fromabqut 0.5 weight%to

about 2.2 A ?g}le Qﬁ?y%%ﬂggq%'ﬁ@%é”'m6i‘ﬁ&ﬁ§£%@§q‘%%§ew %'™ wei ght % zn
being preferable in particular applications); and (3) indium The

concent r atpasticdar applicatiops); angr(3) Indium. The concentration ‘'of Zn can be, for

example, within a range of from greater than 0 weight% to less than or equal to 3
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 qf a
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 instance, 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.



exanple, within a range of fromgreater than 0 weight%to | ess than or
equal to 3 weight% in sone applications within a range of from greater
than 0 wewghs4703 | ess than or equal to 2.5 weight% in framtusez/12821
applications within a range of from greater than O weight%to | ess than or

equal to 2 I.ght % t further Ilctlons wi thin r e.af from
greater th@r&@ wei gh-th/%g Y eLOPRIA 'B QMQPB”P%%MF%Y%WHHH”% yet
further appllcatlons wi thin a range of romgreater t han ht%to | ess
than or eqeigfes ef i, €gians Mg matalsin a geaniitersrigible; (abme.'tmﬁhmet $ata
concentration of Zn can be chosen to forma eutectic alloy with the In of a
conposi t i ceemgepatuté of fromrabaig ke’ Cdb abiowt BROEto form amolieromiddrealdoy
conprising about 1 weight% Zn and |ess than or equal to about 1000 ppm My

i's producesburifigetheahblesn irixtiinsimto aanleltofandedisds Hapd) @nd)(4)vebdlingothei | i con
nitride coated substrates. Various conmponents of the alloy can inpact

physi cal chgh t\ﬁl’iﬂlﬁtthﬁﬁwc% td fsinh/sBid mdgd ofitAe bAB¢ RavingthdMesrad prow de a

| ow nodul us and hig ermal conductivity; zinc can inprove the alloy's
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t enper at urgoig;r.f rom about 150C to about 350C to forma nolten m xture; (3)
[0013] In particular aspects of the invention, alloys of indium having
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 to the oxidation resistance of pure In.
[0014] Compositions 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. Slabs 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 particular applications.



pouring the molten m xture into a nold of a desired shape; and (4) cooling
the mxture within the nold to forma solid mass of the alloy having the
desired wbapme47The mass can subsequently be rolled or extrcaded2/imns21
conventional netal- working techniques to formribbon or wire suitable for,

for exanpl g, ilizati,on .a sol,der. [0013].ln_ particular aspects of the

i nvent i on,ﬁgl"gi)ys of'&iﬁ i'Ufﬂ%i Rb°“5£"6‘3ﬁb‘1'"E%%eg@e\fﬁeﬁa@m%ﬁo’ﬁd‘{”@m (such as
al l oys having greater than 98 weight% indium and_.in sone applications
great er t H¥RIcally aplydrave agtdalspntachaver pepuhl % Qfdhadrterface aERa duede to t hat
of pure indium (82 WntK). The alloys can consist of, or consist

essent i al | micobscapic (seifacplreughihéss) andfmacroanopiz fswifdeshwarrpagsodicwam-r at i on

of Zn is fromabout 0.5 weight%to about 3 weight% The indium of the

al | oys cailarat) préditaritidsfthé matiig componentsuThaaemaiviértafiiige dest s
I ndicate that the alloys can have wetting forces approachi ng 500

m cr oNewt qg%rf%%(e.zmeé ldofdifs gfMair lapk 8bros§Wiien itlisBiHiduIBio &ttfult héat he

al l oys, and can inprove oxidatio resistance of the alloys relative to the
"nvent i on TERRRCEE SFnBinBbifelie waibHEL e TR B cd Do RE Mk o 1
el c. | AERRAPORICBUPA 41k (2l MG ons SBEPSASTLA Fitbetan be pr oduced
by the casting. The slabs or billets can be further processed to form
ri bbon or mm%l of t hEhemmalyesistanssitypieally measuissgbermalkintgriase raterial
subsequently be utilized as a solder to formTIM in particular
appl i cat i gperformance. Thermal resistance is the temperature drop across the interface

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 WD 03/064713 PCT/US02/ 12821 [0015] A "dry interface"” or one with no
interface material present, will typically only have actual contact over
about 1 %vofostobei1s nterface area due to mcroscopic (surfaca/usovgisaess) and
nmacroscopi ¢ (surface warpage or non- pI anarity) irregularities of t he

ITB.tI ng compone The renmai nder of interfa I Ns an
Tt S GRIERd Ve R Welis peRavier Tl eRdina R s nate ‘?ﬁ?'ﬁﬁ ?%ng ;
thermal interface material into this air gap area can br’rgé )

t ransport %TO'E'Wérn:EFP'r%W@P’SJeQ%HW)OVPFBFﬂ% Qﬁﬂ?ﬁﬁﬁéﬂtr'g badah éP'.”t 10016]
Thermal resistance typically nmeasures thermal interface materi al

per f or mandermatkitialdesisabletta moweiasfairtegreensé mutualsaluhility atntersmetalie,
interface times the interface area divided by the power flow ng through
t he i nt er famor ¢orapouricgraduction} snybf Whichia profitote igoednal resi st ance can
be broken into three parts: (1) a contact resistance at the hot surface
goi ng int %dﬁé@ehég/séﬁcﬁﬁg a'Wﬁ@fn‘téﬂface 68&Nefénbéddfaétﬁ~% HhesHs dAfoyiAg t her mal

conducti on throug the Tnterface materi al a contact TeSistance at

the interfagg: t(grr &cﬁﬂpz{n??t:gn %ﬂ{ na%ﬁ‘nlé?l%tohgrbr mdre& d&ﬁh@a%o%?deps%nbed

resi st ances, res 't hem should” be I'ow have a | ow
overal | rmal, resi 0017] The b hermal resistance is | ow when
t he i nt erfcg‘zt,sér HEH@P?@'P %?%&POEE?HHU%W%L}FP#SI s high. Accordingly, it is
generally desired that an interface material have a high thernal
conductivity. The thickness of an thermal interface



material can also inpact bulk thermal resistance, with thinner thernmnal
interface materials having |ower resistance than thicker materials.
Accor di ngwe,03i06471% general ly desired to use thin thernal PCTIE0E/a2821

mat eri al s. [0018] The cont act resi stance between two contacting materials

he " cont AepmingsRivns ok ek My bEFieR oF Ras@lal Folr RS Seebrdificd th

materials, it is 6 W 03/064713 P US02/ 12821 desired to have good

wet ting behavi or (spr eadi ng‘ﬁﬂ“ﬁﬁ earegent mventiod ¢ o anot her). To

i nprove reliability over tinme (as opposed to right after the joint is
formed), it is desirable to have a fair degree of nutual solubility,
intermetallic, and/or conmpound production, any of which can pronote good
adher ence/bamdpledl at the interface between contacting materials. Alloying
additions or dopants can aid in achieving one or nore of the

above- desg uolagg desp bsmp@'sﬂwédr@,ﬁst@e&y@ﬂrauywt&%drfs@stgraf ah) ﬁw%rﬁw\o
03/ 064713 S02/ 12821 Conposi tions of exenpl ary sanpl es of erial

f or med '”2}? dd{"ﬂfﬁp g aspects of the present invention Exanple 1
[ 0019] A cornposi consSists essentially of, or consists of: In, 1 weight%

Example 2
[0020] A composition consists essentially 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 illusyrating ause of a
thermal interface material comprising a composition formed in accordance with
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.



Zn, and 250 ppm My. Exanple 2 [0020] A conposition consists essentially of,
or consists of: In, 1 weight% Zn, and 500 ppm My. [0021] Materials
enconpasswo pearas i ous aspects of the present invention ean/use2uwsed as,
for exanple, free standing solder (applied in ribbon, wire or preform

ol ymot - scltfge] nyor aneAl Sreaper ARTE PR Ao ot Snd Lt HRARE  use.

of a thermal interface terial conprising a conposition formed in

accor danceeMpesimert forssea idgf Pagkage d9ent i nvention is shown in the Figure.
Mre specifically, the Figure shows an assenbled el ectronic E)ackage 10
conpri si ng[M28}se 12’\tlwma%mterfgcansaimnelcﬁmgmr@wdgdmt\rvae@ heat siiggdler at e 14
can conprise, for exanple, a silicon die. Base 12 can conprise el ectrical
connect i on$8 andisubbivate)14. uThé threrchdl inteface acdtenag themoaliyt conrfects  shown)
associated wth substrate 14 to devices external of package 10. Substrate

14 can be giunad ¢4 with hdit Presdér flandiAtRE showATribodiARMt I2phyyicigh f1ip
chip bunps 16. 8 WO 03/ 064713 PCT/ US02/ 12821 [0022] A heat spreader 18 is

| _ 0022 _ )
0. [ 0023 SRR sy R4 Anl WEaF PEeageF TR R BT ke o icioiBen faflpvdt™ oo

spreader that other 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
compositions of the invention discussed above, including, 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.



18 and substrate 14. The thermal interface material thermally connects
substrate 14 with heat spreader 18, and in the shown enbodi nent is

physi cal I'wo tagei7mst bot h substrate 14 and heat spreader 1@CTIUSoz/$282D be
under st ood, however, that other enbodi nents (not shown) can be utilized in
whi ch therqﬁAgh terface material 20 is separated from one or both of
substrate heat spreader 18 by other materials. Preferably such
other materials are thermally conductive to enable thernmal energy to be
transferred acrpss the materjals to and frop1%pe t hergal jn er%ace
material . [0024] ThetSRMAOSHtIGNCRNSIsing&ssantialy etlp Pi‘é’@hh?ﬁ/ Bf the
various conpositions of the invention discussed above, including, for
exanpl e, wEEOYRtIODASINgIHINAtoN Ok weight @l toyabsut 3iwaight’n; as wel | as
conpositions consisting essentially of In, Zn and one or nore of My, Ca,
Nb, Ta, B, Al, Ce, Ti and Zr. [0025] To aid in interpretation of the
clainms that follow, the terns "sem conductive substrate" and

"sem conduct or substrate"” are defined to nean any construction conprising
sem conductive material, including, but not limted to, bulk

sem conduct i ve 2t erTid sompobition of cihm T beihgdhithe shapeof aditldter al one  or
in assenblies conprising other materials thereon), and sem conductive
material |ayers (either alone or in assenblies conprising other materials).
The term"substrate"” refers to any supporting structure, including, but
not limted to, the sem conductive substrates described above.

3. The composition of claim 1 being in the shape of a ribbon.
4, The composition of claim 1 being in the shape of a wire.
5. A composition consisting essentially of In, Zn, and one or more

elements selected from the group consisting of Mg, Ca, Nb, Ta, B, Al, Ce, Ti and

Zr; with the Zn concentration being from about 0.5 weight% to about 3 weight%.

6. The composition of claim 5 being in the shape of a billet.
7. The composition of claim 5 being in the shape of a ribbon.
8. The composition of claim 5 being in the shape of a wire.

10



9 WO 03/064713 PCT/US02/ 12821 CLAIMS 1. A conposition consisting
essentially of In and Zn; with the Zn concentration being fromabout 0.5
wei ght % twoabom718 wei ght % 2. The conposition of clai m 1Po&iusg2is2t he
shape of a billet. 3. The conposition of claim1l being in the shape of a
ri bbon. 4. The conposition of claim1 being in the shape of a wire. 5. A
conposition consisting essentially of In, Zn, and one or nore elenents
selected fromthe group consisting of Mgy, Ca, Nb, Ta, B, Al, Ce, Ti and

Zr; with the Zn concentrationﬂbei? tr§¥1gbout 0.5 weight%to ap ut 3

wei ght% 6. The conlf¥s¢emBRSEHPNA glﬁ'ﬁ" WBEFRIN Ariota corapieatinn of theans: . 7.
The conposition of claimb5 being in the shape of a ribbon. 8. The

conposi t i o robrecelemants iscgregtarihand pomageddessithein @ equal tayh008/ppen 713

PCT/ US02/ 12821 9. The conposition of claim5 wherein a total concentration
of the one or nore elenents is greater than O ppmand | ess than or equal to
1000 ppm 10. The conposition of claim5 wherein a total concentration of
the one or nore elenents is greater than O ppmand | ess than or equal to
500 ppm 11. The conposition of claim5 wherein a total concentration of

the one 10. The composition of claim 5 wherein a total concentration of the one

or more elements is greater than 0 ppm and less than or equal to 500 ppm.

11.  The composition of claim 5 wherein a total concentration of the one

or more elements is greater than 0 ppm and less than or equal to 200 ppm.

12.  The composition of claim 5 comprising Mg to a concentration

greater than O ppm and less than or equal to 1000 ppm.

13.  The composition of claim 5 comprising Mg to a concentration

greater than 0 ppm and less than or equal to 500 ppm.

14.  The composition of claim 5 comprising Mg to a concentration

greater than 0 ppm and less than or equal to 200 ppm.

11



or nore elenents is greater than O ppmand | ess than or equal to 200 ppm
12. The conposition of claim5 conprising Mg to a concentration greater
than 0 ppwoanaed7ess t han or equal to 1000 ppm 13. The compeaogisoz/ms2pf claim
5 conprising Mj to a concentration greater than O ppmand |ess than or

equal to 500 pp 14, The ¢ 0Si 11 of Lm 5 conprisi 0
concentration 'eat%Fosz?r?ﬂ np%sbsg@lgleggghﬁ%@nofolp, 5&?&‘% er'%“ggwg\%‘i% 11 WO
03/ 064713 PCT/ US02/ 12821 15. A conpositio onsisting essentially of In,
greater tamand|RssgiRan.or eaMabtq %I%%“tt%‘é{ﬁ@m%eifbaﬁ”q{ﬁo@tﬂfﬁ?teztm8 B zn, and
fromgreater than O ppm to |less than or equal to about 500 ppm My. 16. The
conposi ti da less thaai on eiad borpbogt $ ppdVighan or equal to about 250 ppm M.
17. The conposition of claim 15 conprising |l ess than or equal to about 1
wei ght % Zn. 18. The conposition of claim 17 conprising | ess than or equal
to about 250 ppm My. 19. A sem conductor package, conprising: a
sem conduct or substrate: a heat spreader proximate the substrate; and

16.  The composition of claim 15 comprising less than or equal to about

250 ppm Mg.

17.  The composition of claim 15 comprising less than or equal to about

1 weight% Zn.

18.  The composition of claim 17 comprising less than or equal to about

250 ppm Mg.

19. A semiconductor package, comprising:
a semiconductor substrate: .
a heat spreader proximate the substrate; and
a thermal interface material thermally connecting the substrate to
the heat spreader; the thermal interface material consisting essentially of In and
Zn; with the Zn concentration being from greater than 0 weight% to about 3

weight%.

20. The composition of claim 19 wherein the Zn concentration is from

greater than 0 weight% to about 2 weight%.

12



a thermal interface material thermally connecting the substrate to the
heat spreader; the thermal interface material consisting essentially of In
and Zn; wotod/o647@3 Zn concentrati on being from greater thamrc@/user/giseoto
about 3 weight% 20. The conposition of claim19 wherein the Zn
concentration is from greater than 0 weight%to about 2 weight% 12 WO
03/ 064713 PCT/ US02/ 12821 21. The conposition of claim 19 wherein the Zn
concentration is from about 0.5 weight%to about 2.2 weight% 22. The
conposition of claim,219 wherejn the Zn concentratign is from about 0.5
Wei Ght % t o aboud-1 wiesempostion &t siincishwhierein e sobceptlan SR
sem conductor substrate: a heat spreader proximte the substrate; and a

t her mal i ratout & weight¥d tol ahadi2@amejgid¥nnecti ng the substrate to the heat
spreader; the thermal interface material consisting essentially of In, Zn,
and one or nore elenents selected fromthe group consisting of My, Ca, Nb,
Ta, B, Al, Ce, Ti and Zr; with the Zn concentration being fromabout 0.5
weight%to about 3 weight% 24. The package of claim 23 wherein a total
concentration of2t herggomposition of claim 19 wherein the Zn concentration is from

about 0.5 weight% to about 1 weight%.

23. A semiconductor package, comprising:
a semiconductor substrate:
a heat spreader proximate the substrate; and
a thermal interface material thermally connecting the substrate to
the heat spreader; the thermal interface material consisting essentially of In, Zn,
and one or more elements selected from the group consisting of Mg, Ca, Nb, Ta,
B, Al, Ce, Ti and Zr; with the Zn concentration being from about 0.5 weight% to

about 3 weight%.

24. The package of claim 23 wherein a total concentration of the one
or more elements in the thermal interface material is greater than 0 ppm and less

than or equal to 1000 ppm.

13



or nore elenents in the thermal interface material is greater than O ppm
and less than or equal to 1000 ppm 13 WD 03/064713 PCT/ US02/ 12821 25.

The packawye d0ehmni m 23 wherein a total concentration of Plg/usa®11821 nor e
elenments in the thermal interface material is greater than O ppm and | ess

than or equal tg 50 m ,26. T a of claim 23 ein.a total

concentration c#’ th g”%‘ﬁ@ Iﬁ,gen% Cia'B] gﬁgﬂ}eée'ﬂ?{ I%%Fﬁﬁs{'?'ﬁ%ﬁea

material is greater than 0 mand | ess than or equal to pm. . 27. The
h fa 0 RghS

package ofordn@rerﬁlgmewﬁferrbthﬁt remalaierace mMeteriphisarratest Pedess My to
a concentration greater than O ppmand | ess than or equal to 1000 ppm 28.
The packadbanbrehaahto2300ppmei n the thermal interface material conprises
My to a concentration greater than O ppmand | ess than or equal to 500
ppm 29. The package of claim 23 wherein the thermal interface materi al
conprises My to a concentration greater than O ppmand | ess than or equal
to 200 ppm 14 WO 03/064713 PCT/ US02/ 12821

26. The package of claim 23 wherein a total concentration of the one
or more elements in the thermal interface material is greater than 0 ppm and less

than or equal to 200 ppm.

27. The package of claim 23 wherein the thermal interface material
comprises Mg to a concentration greater than 0 ppm and less than or equal to

1000 ppm.

28. The package of claim 23 wherein the thermal interface material
comprises Mg to a concentration greater than 0 ppm and less than or equal to

500 ppm.

29. The package of claim 23 wherein the thermal interface material
comprises Mg to a concentration greater than 0 ppm and less than or equal to

200 ppm.
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30. The package of claim 23 wherein the thermal interface material consists
essentially of In, about 1 weight% Zn, and fromgreater than O ppmto |ess
t han or ewoaB/otaiabout 500 ppm My. 31. The package of cl aircmaAZowinmsseei n t he
thermal interface material consists essentially of In, about 1 weight% Zn,

and from great eio.t hal%eopggkrggteoof cl:lgl"'rSnSZB r\]/\/6}1Qar<(:i‘)lrn tﬁglfﬁllerrﬁﬁ irqt%%tcezrr?gteﬁgm M. 15
consists essentially of In, about 1 weight% Zn, and from greater than 0 ppm to

less than or equal to about 500 ppm Mg.

31. The package of claim 23 wherein the thermal interface material
consists essentially of In, about 1 weight% Zn, and from greater than 0 ppm to

less than or equal to about 250 ppm Mg.
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