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solid netal prepertiesrarpatsodmportant for a TIM depending on the particular application,
for example: an ability to relax thermal expansion stresses when joining two
materials (also referred to as “compliance”), an ability to form a mechanically
20 sound joint that is stable during thermal cycling, a lack of sensitivity to moisture
and temperature changes, manufacturing feasibility, and cost.

Several classes of materials are being currently used as TIMs, for
example, thermal greases, thermal gels, adhesives, elastomers, thermal pads,
and phase change materials. Although the foregoing TIMs are adequate for

25 many current semiconductor devices, the increased performance of
semiconductor devices in the near future will render the presently known TIMs
inadequate. Specifically, the thermal conductivity of current 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 conductivities of about

30 15 W/mK or greater will soon be needed.

One alternative to the foregoing TIMs is a solid metal sheet or preform
made of indium or other low melting temperature alloys that act as the thermal
interface layer. 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

35 solder or wetting behavior upon reflow which facilitates a low thermal interfacial
resistance. During refiow, the solder and substrate are heated, the solder melts
and wets by surface tension and/or local surface alloying. The interfaces consist
of intermetallics or interdiffused metals with thermal properties that are
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20 resistance to moisture changes; the provision of a TIM with improved resistance
to temperature changes; the provision of a TIM which bonds to a heat sink
compohent and a semiconductor device at a temperature less than the failure
temperature of an active {electronic) device; the provision of a TIM which
enables bonding to a semiconductor substrate and a heat sink component

25 without the use of a flux (i.e., the TIM preferably comprises a fluxless or active
solder); and the provision of a TIM which is readily compatible with active
semiconductor device manufacturing processes. In short, the provision of a TIM
in which the bulk properties and the interface properties are optimal for heat
transfer and reliability.

30 Briefly, therefore, the present invention is directed to a thermal interface
material comprising a solder and a CTE modifying component.

The present invention is also directed to an active solder that wets at a
temperature below about 300 °C without extrinsic fluxing, the active solder
comprises indium and an intrinsic oxygen getter selected from the group

35 consisting of alkali metals, alkaline-earth metals, refractory metals, rare earth
metals and zinc and mixtures and alloys thereof.
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the lid, the insert having a front surface, a back surface, a surface in contact with
20 the lid and a coefficient of thermal expansion that is between about that of the lid

and about that of the semiconductor substrate; and a first thermal interface

material bonding the back surface of the semiconductor substrate to at ieast a

portion of the front surface of the insert.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a cross-sectional view of a conventional semiconductor
device/heat sink configuration.
FIG. 2 is a cross-sectional view of an embodiment of the semiconductor
devicefheat sink configuration of the present invention.
FIG. 3 is a cross-sectional view of an embodiment of the semiconductor
30 device/heat sink configuration of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Improvements in electronic device performance are frequently
accompanied by increased power consumption and decreased device size,
which independently or cooperatively may result in increased power densities.
35 Therefore, the flow of heat from the operating electronic device must be
increased to keep the device below its operational temperature limit. The
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15 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,
more preferably less than about 170 °C, and still more preferably between about
160 °C and about 115 °C.
The solder may comprise a conventional soldering material which
20 requires an adjustment of the CTE (see infra). For example, the solder may
comprise lead, bismuth, tin, gold, silver, gold-tin, gold-silicon, gold-germanium,
etc. Preferably, the solder comprises a bonding component with a low melting
temperature and a relatively high thermal conductivity compared to conventional
TIM materials (less than about 5 W/mK). For example, indium (melting point is
25 about 155 °C, thermal conductivity is about 80 W/mK), tin (melting point is about
230 °C, thermal conductivity is about 70 W/mK) and mixtures and alloys thereof.
In a particularly preferred embodiment, the bonding component consists
essentially of indium because of its low melting temperature and its ability to
readily wet many oxides, ceramics, and cermets without the use of organic
30 fluxing agents {(see infra).
To further increase the heat flow through the TIM, the TIM may also
comprise a thermal conductivity enhancement component. The thermal
conductivity enhancement component preferably has a thermal conductivity
above about 100 W/mK. Exemplary thermal conductivity enhancement
35 component materials include silver, copper and gold which have thermal
conductivities of about 425 W/mK, about 400 W/mK and about 315 W/mK,
respectively. Such metals typically have relatively high melting temperatures
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and more preferably greater than about 500 W/cm?°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
20 the heat sink component to activate the joining process and allow the TIM to wet
the surfaces. Chemical fluxing is 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 heated become active
and remove surface oxides. However, some of the flux materials do not escape
25 and form insulating pockets or voids at the interfacial region and/or form
residues that may be harmful for the operation of the device.

1. Active Solders
In accordance with the present invention, the TIM (including the solder}
preferably does not require extrinsic fluxing (i.e., mechanical fluxing and organic
30 and inorganic fluxing compounds are not needed). Rather, the solder in the TIM
of the present invention is preferably activated by an intrinsic oxygen getter that
is mixed or alloyed with the bonding component. The intrinsic oxygen getter is
more reactive with oxygen than the bonding component thereby preventing or
minimizing the formation of bonding component-oxygen compounds. Exemplary
35 Intrinsic oxygen getters include alkali metals (e.g., Li, Na, and K), alkaline-earth
metals (e.g., Mg and Ca), zinc, refractory metals (e.g., Ti, Zr, Hf, Ta, V, and Nb),
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molten above about 157 °C. Preferably, it comprises about 0.5 to about 2% by
weight Ti and about 0.1 to about 2.0% by weight misch metal with 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. Such a compliant TIM
25 soldered with a very low level of interfacial defects is less likely to fail at the
interface as a result of thermal cycling (see infra).

In yet ancther preferred embodiment, the active solder is a rigid gold-
based solder with a relatively 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

30 gold-germanium solders). Typically, for gold-tin alloys the concentrations of goid
and tin range from about 75 to about 85% by weight and from about 15 to about
25% by weight, respectively. For goid-silicon alloys the concentration of gold is
at least about 90% and the concentration of silicon ranges from about 1 to about
5% by weight. For gold-germanium alioys the concentration of gold is at least

35 about 80% and the concentration of germanium ranges from about 5 to about
15% by weight. To provide relatively low melting or reflow temperatures the
solder compositions are preferably near the eutectic composition (e.g., the
constituents are within about + 3% by weight of the eutectic composition). The
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of gold In addition to ellmlnatlng the need for extnnSIc uxing, the active so
and the thermal interface material comprising the active solder are able to wet
20 non-metallic surfaces such as, but not limited to, Si, Si0O2, SiN, and Hl-IV and
I1-V semiconductor. As a resuit, wettable metallizations such as, but not limited
to, Au, Au/Ni, Ni, Cu, Sn and combinations thereof are not required to be
deposited on such non-metallic surfaces before a soldering/bonding operation.
This ability to bond to non-metallic surface provides a significant materials and
25 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. However, the TIM and active solder of the present
invention may be thermal processed at elevated temperatures (e.g., greater than

30 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-electronic packages. Specifically, active opto-electronic
packages comprise lasing devices. If the beam intercepts any organic residue

35 from a chemical flux, the laser readily carbonizes the residue which can disable
the device. The use of a fluxless soldering process eliminates this potential

failure mechanism.



and tin range from about 75 to about 85% by wei ght and from about 15 to
about 25% by wei ght, respectively. For gold-silicon lLoys the
concentration of gold is at |east about 90% and t he L. £00
silicon ranges fromabout 1 to about 5% by wei ght. For gol d-germani um

al l oys the concentration of gold is at |east 35 about 80% and the
concentration of germaniumranges fromabout 5 to about 15% by weight. To
provide relatively low nelting or reflow tenperatures the sol der

conpositions are ef erabl y near the eutectic co I tion th
constituents are rien‘?q'vﬁlﬁé@?r AfbﬁfMB?‘gﬁY agy aYﬁ%@%‘PE‘?W‘%‘E@WSH&@ on).
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about 280 C. %@E’%ﬁlg'@ Q%prgg?%bly@ggéﬁ aSB‘I'td@Q Hte&SHr%?%‘?ﬂ”g?%ant ly less
oxi di zabl e fadiesolation dfahs alloyt constiiuentss yIhrenmbligresiiayris castarifatrsedarnd needed.
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total concentFreauentysthe egolad-alioyys mechpaically worked ftoawires A18BE f Aan  about
5% by wei ght, pretoeni fot ase Bthe préduatiomof the TIM. e earth nmetals is | ess than
about 3% by weight, and the total concentration of alkali, alkaline-earth
and zinc 10 is | ess than about 10% by weight. Mre preferably, the total
concentration of refr@ct@OEMEmalrR is about 0.5 to about 1.5% by wei ght,

L he tot ﬁlt ¢?Rce ?t :A&Idtm n@éth?a ﬁ){r?nﬁﬁfa‘ir’?ng@hﬁérﬁ:eﬁﬁeabmw_ tHroGgh the 'ElbbisttOOBSO/?[
y wel gnt, e total CO entratl.on : apou
07 556 by wei gritreverteorGiaPn i fiedfinad cohtate ot tfABiraaireBlep due e 8 0001
0.1 to about dftBéelegtroric glviceaSpecifieallyothsl diffgreperichetveant it cegflicients of s

about 0.1 to 3 patidh oMt irioubtehbdn@Nein @hislecionftfSackage arete | ess
likely to fail than hon-

senmi conduct or§tESF J&Fing H‘t"%’%ﬁ%’é’ﬁ'ﬁ ngq%gam ?ana)H fﬁ:;l?ﬁgc%g&p&qtp sgrpesen e ay .
In addi ti o5 tthe éitbrfagialtregignt eisrpreblefrois partiouiarlyiacutd foxiTHds comprisiogi ve
SHl oo ne: DRI AL SARERTRURE) oRp TRt it ool o
S 0o, SIN, arRemicoNduCigrdnateTialy Syginas SHaRR @srmanium, SALUM rsenidp, Safimum
met al | i zat i ongylfidecdncbindiufvantimadnitié ahd éight émittindudiodsudnisteriaNincluding ®idand
combi nati ons sttgt%re%iter%rf& Bl%toﬁiggl%rﬂ%gr BBtiéjl?aser applications (e.g., InfAs/GaAs
20 and InAs/Al/Sb). Typically, the bonding component materials and thermal
conductivity enhancement component materials have CTEs that are greater
than about 16 um/m°C and the substrate material has a CTE less than about 10
um/m°C.
The TIM of the present invention minimizes the negative impact of the
25 CTE mismatch by preferably comprising a CTE modifying component. The CTE
modifying component has a CTE that is more compatible with the substrate
thereby decreasing the thermal stress upon thermal cycling. The CTE modifying
component has a CTE that is preferably less than about 10 pm/m°C and more
preferably less than about 8 um/m°C. Exemplary CTE modifying component
30 materials include beryllium oxide (about 8.8 pm/m°C), aluminum oxide (about
6.5-7.0 um/m°C), aluminum nitride (about 4.2 ym/m°C), silicon carbide (about
4.0 pm/m°C), silicon dioxide (about 0.5 pm/m°C), copper-tungsten alloys (about
5.6 pm/m°C), low expansion iron-nickel alioys commonly referred to as KOVAR
or INVAR (about 5.2 pm/m°C fo about 6.0 pm/m°C), low expansion ceramic or
35 glass powders {about -1.0 m/m°C to about 9.0 pm/m°C) and mixtures thereof.
In a preferred embodiment of the present invention the CTE modifying
component comprises low expansion iron-nicke! alloys because they have a low




deposited on such non-netallic surfaces before a sol dering/bondi ng
operation. This ability to bond to non-netallic surface provides a
significant materials and 25 process benefits. The Ti nd agti o%ol der
of the present invention are particularly suited for FY i ng at
t enper at ures bel ow about 300 C and preferably bel ow about 200 C. However,
the TIM and active solder of the present invention may be ther mal
processed at el evated tenperatures (e.g., greater than 30 about 500 C) to
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the coeffi of .. thermal expansion for the various conponents in an
el ect roni cf%gg}lgﬂpdg)"ﬁgf’gmpgf‘? ss during thermal cycling which can lead to

partial or conplete separation at 15 the interfacial region. This problem
I's particularly agutapf Pandiabing MbéedsDptimizing CTE
The high performance TIM of the present invention may be manufactured

and applied to the substrate by any applicable method. For example, the
particles of the CTE modifying component may be incorporated into the solder

20 and/or thermal conductivity enhancement component to form a composite TIM.
The composite TIM is typically then rolled into a thin sheet preform (e.g., less
than 0.25 mm thick). To form the thermal interface, the TIM preform is heated,
and while molten, contacted with a substrate and allowed to cool, solidify and
bond. Another method is the use of a foil or a mesh of desired thickness

25 comprising a bonding component and/or a thermal conductivity enhancement
component in which openings are formed (e.g., by punching or etching) and the
openings are filled with the CTE modifying component. For example, an indium-
based foil with hexagonally spaced openings may be filled with beryllium oxide.
In the case of a copper foil or mesh, the copper is coated with a bonding

30 component such as indium (e.g., by dipping or plating). A suitable diffusion
barrier component {e.g., nickel, titanium or other transitional metals) may be
required to prevent rapid dissolution of copper into the indium during the
melting/bonding process. An additional method is the use of a sponge
comprising a bonding component and/or a thermal conductivity enhancement

35 component (e.g., 90% theoretical density) filled with the CTE modifying
component. If necessary, the sponge may be cut into thin sheets to achieve the
desired thickness.



materials with high coefficients of thermal expansion conpared to typical
sem conductor materials such as silicon, germanium gallium arseni de
cadmium sulfide and indium antinonide and |ight eni t!"i’rﬁ,"‘fﬁm'm-@%'il al
including solid state emitters for photonic and fiber optic |aser
applications (e.g., In/As/GAs 20 and InAs/Al/Sb). Typically, the bonding
conponent materials and thermal conductivity enhancenent conponent
materials have CTEs that are greater than about 16 pninC and the substrate

material has a CTE_.l ess than about 10 pmnC. The TIM of the present
i nvention nininize YR"F%'M@Q&TE/E‘Q"WHEFOB‘PW% pastictes=ang §ﬁ%tt“’§g with a

preferably cosﬂdesﬂows&r&ﬂ'&ndﬂ@wmythngb@mlr@dftﬂﬁponéﬁhﬂuﬁﬁﬂﬁreﬂmdl fying

Gecheasing ¢ nePeqically de ¢ @Hﬁgﬁ@{éﬁﬂ‘?’b%ﬁ%ﬂ@ b GHA0E 1 8 i)Y
conponent hasotthepelden iy any 399@66%?*‘96% ﬁa@lﬁlbcuﬁ!emnakﬁﬁfﬁmand nor e

preferably Beggcuuffdesidftioh of rédidlion procisBing! Y CTE nodi fyi ng conponent 30
materials include beryllium oxide (about 8 8 pnmi nC), al um num oxi de (about

6.5-7.0 pn1rrC} alumnumnitride (about 4.2 pminC), silicon carbide (about
4.0 pm nC) 1 W&M@ﬂ@tﬂdﬁe@ataatJSem!@ngmta@ubatw@’éAeat Simkdvtenfaat | oys

((31 gb&&ARS gr plmNgg)Thé ;Sl‘g%éﬁﬁﬁibﬁh@ﬁ id él@@dﬁ‘é&E@ Ito ah hﬁéﬁ%vﬁ HtBrhde bﬁ;ﬁ;f gﬁ to
ceranic or 35°Y"§ &rg @\W@P@!“{"&’E’g{?{s“ St()a%?naﬁﬁh@ﬁt %{8'68?”‘ °Be’b‘ﬁ'lﬁﬁ) and

m xtures t heriggwioved intesfape e¢dices dr elibivatassthe negativecimpaeteftheiGCREENt i on t he
CTE nodi fyh@%usﬁ%iﬂ?ﬁﬁgfegﬁ%”ﬂfw %@%@e%b@ﬁ%?sﬁﬂﬂaéﬂ%{ﬂ}o%ﬂ'n J@{#ﬁ@é’ s because

t hey have a | ow 8 wetted by
and i ncor por dNEaFeR thegritical sprRge otthe &TE mismatch. rel atively high t her mal
conductivity, and Reis®ing noa tatFlIGeilMhbltgﬁkaiuém:ddnﬂucto%émlmm guktion

bl e t | |
Prof or abl yf’ R QR i R REIR Y copr et Bl SERSTABIZ " ot veen
about 5 pn mdaying %B@@ﬁtsmcpmﬁmaml@stma@ﬁér aplejectionis demice (not pigtured)
bet ween t hes Beidfiadatelonthb Fohbs@fdce, bei&meémﬂabmrf&enﬁé@aasdmmbout 20

oG oo 1 RS L RS Rl o U Sl SRR pREb AR 4 B, 70 e
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

20 included, a second thermal interface material 14 bonds the back surface of the
lid 12 to the front surface of the heat exchanger 10. In accordance with 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

25 typical electronic device package.

Referring now to FIG. 2, the present invention is directed to an electronic
device package 1 comprising a semiconductor substrate 2 having a front surface
and a back surface, and electronic device (not pictured) on the front surface of
the semiconductor substrate. The package also comprises a lid 11 which

30 comprises a recess 15 for receiving an insert 16 which is sized and shape to fit
within the recess. In this embodiment, the recess extends inward from the front
surface of the lid to a point between the front surface and the back surface of
the lid. The insert comprises a front surface 17, a back surface 18, and a
surface in contact with the lid 19. The electronic device package further

35 comprises a first thermal interface material 5 which bonds the back surface of
the substrate 2 to the front surface of the insert 17. Preferably, the package
also comprises a second thermal interface material 14 which bonds the back

10



tailored for the desired CTE mismatch for the particul ar application. 10
Al t hough the anpbunt of sol der and CTE nodifyi ng conponent depends on the
particul ar application, the TIMpreferably conprises about 30%to about
90% by vol unme of sol der and about 10%to about 70% by vol une of CTE

nodi fyi ng conponent. More preferably, the TIMconpris D?o%u bgp@@ about
90% by vol une of the solder and about 10%to about SOEQtry—vtﬂE-uTré—oq@i he 15
CTE nodi fyi ng conponent C. TIM Manufacturing Process - Optim zing CTE The
appl i od 1ot rekiEaashe B 85 Gl TR erchaer o e s oA B Y
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t he case oiOacommp‘peslommduntadwﬂmmhalicb copper is coated with a bonding 30
conponent such as Ré?@n‘rir\g‘rkﬁrta FIGPY, fﬂb?@téi% 15 mBl, 8kiche throfigh thé RPH € (i.e.,
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enhancenent corrponen t heore ensity) fill with the
CTE nodi f yihgxchangasfent . | f necessary, the sponge may be cut into thin

sheets to achieve the desired thickness. 9 10 Novenber, 2005 Typically,
the CTE nodifyi ng conponent particlgs.ana«preswet” with a

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 without departing from the scope of the invention, it

20 is intended that all matter contained in the above description be interpreted as
illustrative and not in a limiting sense.

11



sol der to ensure bonding with the bondi ng conponent during reflow.
Specifically, the CTE nodifying conponent particles arkl Nexember 2808 t hin
| ayer of the solder by any appropriate nmethod such as plating, thernal
spraying, 5 vacuum deposition or reduction processing. Il. CTE M snmatch
Resi st ant Sem conductor Substrate/Heat Sink Interface The present
invention is also directed to an inproved interface for connecting the

sem conduct or substrate and heat sink conponents, the inproved interface
reduces or elimnates the negative inpact of the CTE 10 m smatch between a
TIM and t he dMMS ates. Thus, the inproved interface increases the critical
range of the CTE m smatch. Referring nowto FIG 1, the typical

sem conduct or/ heat sink configuration of an electronic device package 1
conpri ses a1seAtternl iiterfase Bsdteadidor boRivy t@naodrienté of BldcBeRicdévichsa thack
surface 4, an electronic device (not pictured) 15 being | ocated on the
front surfaftermalfntegace matatial Gapisiage material 5 which bonds the back

2 front surt ace PG eHidenf LmblahG ahirtids S Pboderd SeiiP BT Supd' "
havi ng a backnsistii@of itdiamd gald, reshuth tinadead, Gantianshy @ilven alridymixtardst shd 1

havi ng a bach surface 12 and a front surface 13. If the optional lid 11 is
20 i ncl uded@'YSKEERRF REr mal i nterface material 14 bonds the back surface

of the 1lid 12 : 3 . . nce
W th the preseht | ayiditia SinpaaEn HaViREs eopHicRtR of Hilinal Bxpathioy S
interface tasisdhanlaboay 10qumsed.t o conpensate for the CTE mi smatch bet ween

the substrate and the Iid and between the |id and the heat exchanger in
such a 25 typical electronic device package. Referring nowto FIG 2, the

present inventTrA th&rml'iged ! afdkif! Qi C Lice Da 1 Sing
a sem conduct or substratle 2 aevi r?g <!3. foﬁocérlélﬂgar?oarﬂgﬁéigﬁdﬁglﬁﬁggg tls‘gr acérl,@and
el ectroni ¢ dewipeae(hot pictured) on the front surface of the seniconductor
substrate. The package al so conprises a lid 11 which 30 conprises a recess

15 for receiving an insert 16 which is sized and shape to fit within the
recess. |n ghi sTieMREIMBNInteifhSe MASRYRI Oft 8RR anwwérfé&ﬂbﬁaﬁgf h%Hermal

surface of the lid to a point between the front surface and t
surface of Cemdugtivily emhencerment cemppnesies a front surface 17, a back
surface 18, and a

4, The thermal interface material of claim 1 comprising an indium-tin alloy as
the bonding component.

5. The thermal interface material of claim 4 further comprising a thermal

conductivity enhancement component.

6. The thermal interface material of claim 1 comprising a gold-tin alloy as the
bonding component.

7. The thermal interface material of claim 6 further comprising a thermal

conductivity enhancement component.

12



surface in contact with the lid 19. The el ectronic devjce Eacﬁage fﬁrther
35 conprises a first thermal interface material 5 whi 2 Kk
surface of the substrate 2 to the front surface of the insert 17.
Preferably, the package also conprises a second thernmal interface materi al
14 whi ch bonds the back 10 10 Novenber, 2005 surface of the lid 12 to the
heat exchanger 8. The insert conprises a thernmal stress relieving materi al
that has a CTE that nore closely matches the CTE of the substrate than
does the CTE of the lid (see supra). Stated another way, the CTE of the
insert is b8 weer hertbernal isterfase materighaf elain dTroprising adifbsives alioy s the

Ther ef or e, IE}H fll’ E%&i interface material need only acconmopbdate the
relatively ? fingé:spgn ‘%Trg?ch between the insert and the substrate rather
than the larger CTE m smatch between the substrate and the lid. As a
result, the greatest CTE m smatch is typical between the insert/lid

interface afd beddgsthermab interfase maderniasefr glaprg & yiprtbar cpmpfiginge@ thesma hat
of the_ [ d’nS\E,’Vﬁﬁ%étﬁﬁiget’@%ﬂ?ﬁn‘%”%9"@@%%%S' on nounted within the |id.

Referring e rece may extend through the lid 11 (i.e.,
the recess extends fromthe front surface to the back surface of the 1id)

and |ikews sert yextendc Ietelyt roughth d 11. As a
result, the 1%se5-g‘ﬁ‘d Hﬂ"te?éf-‘%rmat%‘% fis 149é[}’ eﬁbmﬁs mMediBARg 16
to the heat taﬁg(%r he
several obj eétﬁ?%gh |s|t§\%%{bloo re@{ S%IEIEtggggﬂﬁ ggdﬁdoéosr}%&lgﬁgggb%%nﬁj be
nmade in t heoaley ealuimposoxidenslamidupr outeidse silivonhoarbides psiticom glidxiden ichve
scope of the invention, i ntended that all matter contained i a th

above descr PBEPABHOBE OPHI'%"F%@Q%% 10 EXPRNSIOP CRIFDIE RAESIS: oM SXPATAN § ﬁ@s
sense. 11 1QoNReedd mplGRsGhAtdgs 1. A thermal interface material for

bondi ng conponents of electronic devices, the thernal interface material

conprising: a solder conponent conprising a bonding conponent selected from
the group 11. The thermal interface material of claims 1-10 further comprising an intrinsic
oxygen getter selected from the group consisting of rare earth metals, alkali metals,

alkaline-earth metals, refractory metals, Zn, and mixtures and alloys thereof.

12. The thermal interface material of claims 1-11 having a reflow temperature

that is less than about 200°C and a thermal conductivity of at least about 30 W/mK.

13. The thermal interface material of 1-12 wherein the solder is about 50% to about
90% by volume of the thermal interface material and the CTE modifying component
is about 10% to about 50% by volume of the thermal interface material.

14. The thermal interface material of claims 3, 5, 7, or 9 wherein the thermal
conductivity enhancement component is a component selected from the group

consisting of silver, copper, gold, and mixtures and alloys thereof.

15. The thermal interface material of claims 1-10 or 12-14 further comprising an

intrinsic oxygen getter selected from the group consisting of lithium, sodium,

13



consisting of indium gold, bismuth, tin, |ead, antinon silver, and

m xtures and alloys thereof; and a CTE nodifying co emher, 2005
coefficient of thermal expansion that is |ess than about 10 pmimC. 2. The
thermal interface material of claim1l conprising indiumas the bonding
component. 3. The thermal interface material of claim2 further conprising
a thermal conductivity enhancenent conponent. 4. The thermal interface
material of claiml conprising an indiumtin alloy as the bonding
conponent. 5. The thermal interface material of claim4 further conprising
a thermal PelassiIMyNagnesiva, calebiN, thaiues girgoniem, amiumeiartalumavanadie,

mat eri al of i risi =14 0 .t he I nt .
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conducti vi t gadolsioee terbium odyepresitim, 12tedfiumo wadbrixturéd @nd&lloybenéreef.mal
interface material of claim1l conprising a tin-silver alloy as the bonding

conponent. 9. The thermal interface material of claim8 further conprising

a thernal nd | W n 10, Lher | 0t
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powder s, a”WH@réi‘h%S%ohﬂﬂr?eﬁwéﬂent%ﬁﬁk"és%odt'th'ﬁcbfaflﬁj‘i‘lt %%Wg}rﬁi% |§! s

1-10 further conprising a I nsic oxygen getter selected gr oup
consi sti ng efd@hout 4arto mboat 26% bwnWeidht timeoathe borxdikalcomporant bomgriaks at

f | sand ni d, al h f_ 12 The.th |
bt ert ace” miasr papuERow Y Weich SoRhabR apout TP abiict B5k by ieioth Sidoly o7 29 ess
than about BBR&INgEbrapsREitTRIMmRRBUSLIEXEL IRt 8% Ib§aséighPeuly At ¥hailt 5 to

about 156% by weight germanium,

17. The thermal interface material of claim 1 comprising: as the bonding
component of the solder, indium, about 0.5 to about 2% by weight of titanium, and
about 0.1 to about 2% by weight of misch metal, wherein the concentration of the
solder is between about 30% and about 90% by volume of the thermal interface
material; and

a CTE modifying component selected from the group consisting of beryllium oxide,
aluminum oxide, aluminum nitride, silicon carbide, silicon dioxide, low expansion
iron-nickel alloys, low expansion ceramic powders, low expansion glass powders
and mixtures thereof, wherein the concentration of the CTE modifying component

is between about 10% to about 70% by volume of the thermal interface material.

18. The thermal interface material of claim 1 wherein the solder component is an
active solder that wets metallic and non-metallic surfaces at a temperature below
about 300°C without extrinsic fluxing, the active solder comprising a bonding
component selected from the group consisting of indium and indium-tin alloys, and

an intrinsic oxygen getter selected from the group consisting of alkali metals,
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13. The thermal interface material of 1-12 wherein the solder .is about 50%
to about 90% by vol une of the thermal interface natediSNoXember 2005

nodi fyi ng conponent is about 10%to about 50% by vol unme of the thernal
interface material. 14. The thermal interface material of clains 3, 5, 7,
or 9 wherein the thermal conductivity enhancenent conponent is a conponent
sel ected fromthe group consisting of silver, copper, gold, and m xtures
and alloys thereof. 15. The thernmal interface material of clains 1-10 or
12-14 further conprising an intrinsic oxygen getter selected fromthe
group consi Sdkakgewarth mﬁt%lﬁa ref@gtannmatals) sankosaihh Bletalsogiscpand syxiyrgs and
magnesi um ég By Htanl um zirconium hafnium tantalum vanadi um

ni obi um | anthanum “cerium praseodym um samarium neodym um europium
gadol i nium terbium dysprosium ytterbium and m xtures and all oys

t hereof . 16. hg_thermal interface material of aim1l con§r|5| ng, as_the

cl
bondi ng coﬁ'@on e theymal dpteriacee pstarialeph clai@settlddof ¢ HEa e @ reflow

consi sting t I and m xtures and all oys thereof;
wherein the%@hgﬁngreﬁ@%gﬂgﬁ?gﬁﬁ%??@s about 75 to about 85% by wei ght

gold and about 15 to about 25% by weight tin, or the bond| ng conponent

conprises a |_eas abo 9Q% wel, d about to about 5% hy
wei ght sili é@n ﬁ?ﬁ{ ?n‘g?o x’@tﬁ%ﬂ)%r?& '@0@5%89 %@ﬂpyatgm%gwe é'%)%'%y
wei ght gol d|@§3,qhghg@0 b to about 15% by wei ght germanium 17. The thernal

interface material of claim1 conprising: as the bonding conponent of the
sol der, indium about 0 5 to about 2% by weight of titanium and about 0.1

to about 2% isch netal r.ei he. conce ntration of the.
sol der i s bAnetiF SRmE! ieiack Mgl o 20 bAving rTRHG Smrtagive thet s
interface I|’@§Se[hbﬁ|250a0d a CTE nodi fyi ng conponent selected fromthe group

consisting of berylliumoxide, alum num oxide, alumnumnitride, silicon
carbide, silicon dioxide, |ow expansion iron-nickel alloys, |ow expansion

ceram c po ISy on nd m xt ures . thereof. rein
The- concont 72t i elitef i8R%:e thethr FoS g oRBen it dhule N A8 catdfe o
about 70% bwemiam&eﬁhcématbhémfﬁhphﬂh yface material. 18. The thermal
interface material of claim1 wherein the sol der conponent is an
a solder component comprising a bonding component selected from
the group consisting of indium, gold, bismuth, tin, lead, antimony, silver, and
mixtures and alloys thereof; and
a CTE modifying component consisting of a component selected from
the group consisting of beryllium oxide, aluminum oxide, aluminum nitride,
silicon carbide, silicon dioxide, low expansion iron-nickel alloys, low
expansion ceramic powders, [ow expansion glass powders and mixtures

thereof.

23. The thermal interface material of claim 22 wherein the CTE modifying
component consists of a component selected from the group consisting of beryllium
oxide, low expansion iron-nickel alloys, low expansion ceramic powders, low
expansion glass powders and mixtures thereof which are readily wetted into the

solder component.
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active solder that wets netallic and non-netallic surfaces at a tenperature
bel ow about 300C without extrinsic fluxing, the acti ) Novembery2005si ng a
bondi ng conponent selected fromthe group consisting of indiumand
indiumtin alloys, and an intrinsic oxygen getter selected fromthe group
consisting of alkali nmetals, 14 10 Novenber, 2005 al kaline-earth netals,
refractory netals, rare earth netals, zinc, and m xtures and alloys
thereof. 19. The thernmal interface material of clainms 1-11 or 13-18 having
a refl ow t%rgr']p;&%ure that is | ess than 350C. 20. The thermal interface
material of 4t i theroah fiergeemasenalfor konsting componaats ofsledtennic davinegabE.
21. The theyg | er ..c]laim?20 having a refl ow tenperature
A LS Tdersl (e

that is less than interface material for bonding

conponents of el ectrord mldewd:mponéﬂilﬁ:orﬁﬂﬂﬁiﬁ%b Hdhding 86MpBRERY ddlbcted from
conprising: a solder conponent conprising a bondi ntg conponent sel ected from
in

the group consi stiAgreuP censising Qfdndiumpigdleloismuthntin, lead, antimomp sifversander ,
and m xtures an%i%dréyépﬂrm[ﬁ?flﬁerﬁﬂfj #HdCTE nodi f yi ng conmponent consi sting
he g

of a conponent selected trom rdup consisting of beryllium oxide,
al umi num oxi de, al um @uthaminal icdaductbiity! enmarcenistecoripbherstnhaline i therh@iv

expansi on iron-nickel allaqys,. | Qw expansi ceram c powders, |ow expansion
gl ass powders an&oﬁthﬁ’r’té{gxafc'ﬁea(r%é%qsﬁ .ufﬁrﬁ@ Wﬁ@#‘m&l interface material of
claim 22 wherein the CTE nodi fying conponent consists of a conponent
selected fromthe group consisting of beryllium oxide, |ow expansion

i ron-ni ckel 281 | oyidie themmahiptertacermeteriaiit claim@dnsherteimthesthipamnal eondllctivity
powder s and_pj er eof ich are readily wetted into the sol der
conponent . ‘fgh%"’lé\’ﬁégﬁg%m?o% s Selecied ﬁ‘@"ﬁéﬁ‘ggm@ £aREshRg ef pilyers eppper,
bondi ng conpewreahd raktfts Ghdlioys dextcpes. the

26.  The thermal interface material of claim 24 or 25 comprising indium as the
bonding component.

27.  The thermal interface material of claim 24 or 25 comprising an indium-tin
alloy as the bonding component.

28.  The thermal interface material of claim 24 or 25 comprising a gold-tin alloy
as the bonding component.

29.  The thermal interface material of claim 24 or 25 comprising a tin-silver alloy
as the bonding component.

30.  The thermal interface material of claim 24 or 25 comprising, as the bonding
component, gold and a second metal selected from the group consisting of tin,
silicon, germanium, and mixtures and ailoys thereof:

wherein the bonding component comprises about 75 to about 85% by weight
gold and about 15 to about 25% by weight tin, or the bonding component comprises
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thermal interface material conprising: a solder conponent conprising a
bondi ng conponent selected from the group consisting!éLHEH&EHEELgaaé,

bi snmuth, tin, lead, antinony, silver, and mxtures and alloys thereof; and
a thermal conductivity enhancenent conponent having a thermal conductivity
that is at | east about 100 WnK. 25. The thermal interface material of
claim 24 wherein the thermal conductivity enhancenent conponent is
selected fromthe group consisting of silver, copper, gold, and m xtures
and alloys thereof. 26. The thermal interface material of claim24 or 25

conpri s: ngf ahlgaghabeutt ¥ bbromiglntggcd@@pd@wg 149 abwutes%lriar waight niﬂi@wnb,anféhe
e ey . i u _ . .
corponent .. 98BS RBonet RTBIReR A RaRLp RS itk P Blobb b d AR S 1

a gold-tin abbay15%sby h,@i%ﬁ@@irmgnqmﬁr_ponent. 29. The thermal interface
material of claim24 or conprising a tin-silver alloy as the bonding

conponent. 30. The thermal interface material of claim24 or 25 conpri sing,

as the bondj - . t al - f t u
consi sting Sf i e BfianRsetdar OE AR 23 2o b e S e e P
wher ei n t hecdropoherg of tihg goRler, indium,i sest Aod td aBout eaboweighdUf thanivenh gand
gol d and abqut ]Cﬁﬂ)to about 25% by wei ght tin, or the bondi ng conponent
conpri ses 13P0H) ONbiR ABERt 2%0bYy weighto{dnisgh saetabwhargindiefancesitratian @f Aeut

L, a0 SR e e S S GO IR

ger mani um Bateribhe thermal interface material of claim?24 or 25 conpri sing,
as the bonding conponent of the solder, indium about 0.5 to about 2% by
wei ght of titanium and about 0.1 to about 2% by weight of msch netal,

wherein t he 39ongRal fiakinan iRbrthie maREAPLY IchifR! YESA ARHY: ApATIAg AP e 90%
by volune o he thermal interface material.
modifying component selected from the group consisting of beryllium oxide,
aluminum oxide, aluminum nitride, silicon carbide, silicon dioxide, low expansion
iron-nickel alloys, low expansion ceramic powders, low expansion glass powders

and mixtures thereof.
33.  The thermal interface material of claims 24-32 further comprising an intrinsic
oxygen getter selected from the group consisting of rare earth metals, alkali metals,

alkaline-earth metals, refractory metals, Zn, and mixtures and alloys thereof.

34.  The thermal interface material of claims 24-33 having a reflow temperature
that is less than 350°C.

35.  The thermal interface material of claim 34 having a reflow temperature that
is less than 300°C.

36. The thermal interface material of claim 35 having a refiow temperature that
is less than 250°C.
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32. The thermal interface material of clainms 24-31 further conprising a CTE
nodi f yi ng conponent sel ected fromthe group consistinngiEQ¥§E¥MHhé¥¥g&ide,
al um num oxi de, alumnumnitride, silicon carbide, silicon dioxide, |ow
expansion iron-nickel alloys, |ow expansion ceram c powders, |ow expansion
gl ass powders and m xtures thereof. 33. The thermal interface material of
clains 24-32 further conprising an intrinsic oxygen getter selected from
the group consisting of rare earth netals, alkali netals, alkaline-earth
metals, refractory netals, Zn, and m xtures and all oys thereof. 34. The

t her mal i nt 67 ot elestrenicalevisie package eppl@dng the thgrmalistariane treatpdalaf glaims
that is Ies% é@?n 350C. 35. The thermal interface material of claim 34
having a refl CPEHH@FE%ure that is less than 300C. 36. The thernal
interface materia, of L£kémBoRdubRy s08state Hakvy 4 RERESATdteSaridAback SuMass
than 250C. 17 10 Novenber, 2005 37. An el ectronic device package enploying
the thermal interf-ace amiedectegniordevics e the I®nd ostpfacs @f:the. semiconductor
seniconduct%hbgHgﬁ}rate having a front surface and a back surface; b. an
el ectronic device on the front surface of the sem conductor substrate; c.

a heat sink conpanent dbwatiniacdrpotherstiiavirgea frogt surfzelargid baclesudfaut; afld a
thermal interface material of clains 1-36 bagnding the back surface of the

seni conduct or subfbt r at@thesmah interfass matena ©f climee3f bendingdke hasssweldce 18
of the semiconductor substrate to the front surface of the heat sink component.
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