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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 reflow, 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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for heat 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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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
device/heat 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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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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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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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 another preferred embodiment, the active solder is a rigid gold-
based solder with a relatively low CTE (about 13-14 ym/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 gold
and tin range from about 75 to about 85% by weight and from about 15 to about
25% by weight, respectively. For gold-silicon alloys the concentration of gold is
at least about 90% and the concentration of silicon ranges from about 1 to about
5% by weight. For gold-germanium alloys 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

Tb,



properties such as hardness, nodulus of elasticity, ductility,
internmetallic phase fornmation, corrosion resistance, coefficient of

t hermal ewpas®dmmy i nfluence on creep resistance and oxi deTiusozris7on. I n a
preferred enbodi nent, the active sol dé&r conprises indium titanium 20 and
m sch metal to provide a conpliant yet high CTE alloy that is substantially
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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.
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preci pi pat asd tryks/AHBbY. Typisally, the bonding component materials and thermal
conductivity enhancement component materials have CTEs that are greater
than about 16 pm/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 ym/m°C. Exemplary CTE modifying component
30 materials include beryllium oxide (about 8.8 um/m°C), aluminum oxide (about
6.5-7.0 pum/m°C), aluminum nitride (about 4.2 pm/m°C), silicon carbide (about
4.0 ym/m°C), silicon dioxide (about 0.5 pm/m°C), copper-tungsten alloys (about
5.6 um/m°C), low expansion iron-nickel alloys commonly referred to as KOVAR
or INVAR (about 5.2 ym/m°C to about 6.0 um/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-nickel alloys because they have a low



Frequently, the cooled alloy is nechanically worked into a wwre, a tape or
a preformfor use in the production of the TIM 2. CTE M snmatch 10 Anot her
met hod f owormsiont3a2 ni ng enhanced heat flow through the TI MpPCI/uso2/1yrevent
degradation in the intimate contact ap the interfacial region over the life
of the electronic device. Specifically, the differences between the
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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.



whi ch nmakes them anenabl e to post-alloying processing (e.g., rolling and
extrusion). Preferably, the CTE m smatch between the TIM and the substrate
is 5 betweoensabout 5 pnm nC and about 30 dani nC. More pref ecahisygz/148he CTE
m smat ch between the TIM and the substrate is between about 5 pm nC and
about 20 pmnC. Still nore preferably, the CTE m smatch between the TIM
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sheets tp afdlUE 4 s¥tondanbimal |hf6rra‘é@%§tena| 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



WO 03/ 007312 PCT/ US02/ 15870 10 Typically, the CTE nodifying conponent
particles are "pre-wet" with a solder to ensure bonding with the bondi ng
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now t o llzé% %{?ﬂbgf present invention is directed to an electronic device
package % ﬁg a sem conductor substrate 2 having a front surface
and a back surface, and el ectronic device (not pictured) on the front
surface of the sem conductor subsi¥atex+khwex 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 wthin the recess. In this enbodi nent, the recess extends

i nward fromthelnf\n@wtoftﬁ@@bav@ :m?vmttk@séerdtﬁaq tlae geveral b@febfsecﬁlfthbe front
surface and the back sur sert ,conpri ses a front
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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.



surface in contact wwth the Iid 19. The el ectronic device package further
35 conprises a first thermal interface material 5 which bonds the back
surface oWo osle7ssubstrate 2 to the front surface of the i ms@nsod7s870
Preferably, the package also conprises a second thernmal interface materi al
14 whi ch bonds the back WO 03/007312 PCT/ US02/ 15870 11 surface of the lid
12 to the (gg §xchanger 8. The insert conprises a thermal stress
relieving teriral that has a CTE that nore closely matches the CTE of the
substrate than \&esis ¢leinedisof the |id (see supra). Stated another way, the
CTE of the insert is between the CTE of the Iid and the CTE of the

substrate. 5 Therefore the first thermal interface material need
accommdat e t hel. r el Atheraa) indaepce C’ﬁfeﬂﬁgﬁﬁp@lﬁd'B@t%éﬂaﬁﬁ‘eth%@éfmabnd t he
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within the lid. Refefring now to rough
the lid 11 (i.e., tTie recess exd gélgg ﬁ%‘hﬁ&'@‘%ﬁﬁ@s‘?@ %&%ﬁiﬁqﬂégback
surface of the thad)abawt 300’ Keandseondigtingwsaentially ofiy ext end conpl etely
through the Iid 11. As a result,; the second thernmal,j fqﬂB?‘\te‘ﬁ ial 14
al so bonds the insert 16 to the Iheat 15 exchan%er _8.a b@ﬁ@i‘b Ili:l Vi ew
of the above, it wilgeleeteddom thrgraupcansiatingl ordngicet §mdf‘dluﬁetm|aHO)é-rﬂ|on

are achieved. As var%@gqmq'@pgﬁa edlirdshBer@ge i n the above conpositions
and processes wtho departing fromthe scope of the lnv§nt| it 20 is

[
intendePthat all matter contairkd in the above des@RUNEEH & qu@Lr pr et ed
as illustrative anObomiuctmt)aeﬂ\handemi@tmmnenﬂhaﬂm@m?mnﬁﬁ /' US02/ 15870
12 CLAIMS What is r terial for bonding
substrates, the ther@on%ﬂmfwgks r%?gt %Ut 1@5%{5@ ?gﬁi zed by a refl ow
tenperature that is less than adhout 350 C, by a theamultrinsindyygenvity of at
least about 15 WnK, qnd Qyoct&PRBhSiHeGHobR $BREIsthy %f Pre earth metals,

15 alkali metals, alkaline-earth metals, refractory metals, zinc, and
mixtures and alloys thereof; and
b. a CTE modifying component having a coefficient

of thermal expansion that is less than about 10 pym/m°C.

2. The thermal interface material as set forth in claim 1 having a
reflow temperature that is less than about 250 °C and by having a thermal
conductivity of at least about 20 W/mK.

3. The thermal interface material as set forth in claim 1 having a
reflow temperature that is less than about 200 °C and by having a thermal
conductivity of at least about 30 W/mK.

4. The thermal interface material as set forth in claim 1 wherein the
bonding component is indium.

5. The thermal interface material as set forth in claim 1 wherein the
CTE modifying component is selected from the group consisting of beryllium
oxide, aluminum oxide, aluminum nitride, silicon carbide, silicon dioxide, copper-
tungsten alloys, low expansion iron-nickel alloys, low expansion ceramic
5 powders, low expansion glass powders and mixtures thereof.



5 a. a solder having a nelting tenperature that is less than about 300 C
and consisting essentially of: i. a bonding conponent selected fromthe
group corwoggioogipf indium an indiumtin alloy, a gol d-ticmabt/ess7@nd
m xtures thereof; 10 ii. optionally, 8 thermal conductivity enhancenent
conponent having a thermal conductivity that is at |east about 100 W nK;
and iii. an intrinsic oxygen getter selected fromthe group consisting of
rare earth netals, 15 alkali netals, alkaline-earth nmetals, refractory
netals, zinc, ahd ke thermahiniedace natenial asctet farf inclain dnehersin tha ng
about 10 p el o ZE O O e B e

. 2. al  as or in aim
having a ®R@4 FWF@@@QQX"UQ&OW‘?PE'SI%%%Hﬁb%{oaﬁgﬁlﬂt %@%b&, W“Bffﬁé‘\a/i ng a
therrr;al cthieeival interfaceomatdridi.east about 20 WnK. 3. The thermal interface
material as set forth in claiml having a reflow tenperature that is |ess

t han about 200 C and by having a thermal conductivity of at |east about 30
WnK. 4. The thérmal Thetarfret intedace madteral ascsetfforth in Clairollavhereimie ei n t he

W i 2r mal Thatl s wherpini
ol ai'm 1o0RG! Biabo SOk iRty EDE el VETRS o MEtHeRG) IRt o Ol

consi st i ngaed theeCyH modifyiogicempamientisrhaudxiode fo aboul $Rm v Yalume ofdhe i con

car bi de, Siﬂein?l?f‘in@@rﬂ?@éjﬁatérw_p_er‘ tungsten all oys, |ow expansion
i ron-ni ckel alloys, |ow expansion ceram c 5 powders, |ow expansion gl ass

powders and m xtures thereof. WO 03/007312 PCT/US02/15870 13 6. The
thermal interfage nargeéittedrnas irefate mdietial a8 setiforth whelaénhnt whereistieder is

about 30% o _abput 90% vpl unme of. th i rial and the
CTE nodi fy{'\‘?émégﬁ%‘??%ﬁt"w9”@%%?%%%‘?@"@’@%{}?@ %6'%%‘%{{5@'?‘39@%&” he thernal
i nterface omsistirg of silvef,leoppbegrguid andmeixfusee andadioyathessoket forth in claim
1 wherein the solder is about 50%to about 90% by vol une of the thernal

interface materi al
9. The thermal interface material as set forth in claim 1 wherein the

alkali metals are selected from the group consisting of lithium, sodium and
potassium and mixtures and alloys thereof, the alkaline earth metals are
selected from the group consisting of magnesium and calcium and mixtures and
5 alloys thereof, the refractory metals are selected from the group consisting of
titanium, zirconium, hafnium, tantalum, vanadium and niobium and mixtures and
alloys thereof, the rare earth metals are selected from the group consisting of
lanthanum, cerium, praseodymium, samarium, neodymium, europium,
gadolinium, terbium, dysprosium and ytterbium and mixtures and alloys thereof.

10.  The thermal interface material as set forth in claim 1 wherein
bonding component is indium or the indium-tin alloy and the total concentration
of refractory metals in the solder is less about 10% by weight, the total
concentration of rare earth metals in the solder is less about 5% by weight, and

5 the total concentration of alkali metals, alkaline-earth metals and zinc is less
than about 20% by weight.

11. The thermal interface material as set forth in claim 1 wherein
bonding component is the gold-tin alloy and the total concentration of refractory
metals in the solder is less than about 5% by weight, the total concentration of
refractory metals is less than about 3% by weight, and the total concentration of

5 alkali metals, alkaline-earth metals and zinc is less than about 10% by weight.



and the CTE nodifying conponent is about 10%to about 50% by vol une of the
thermal interface material. 8 The thermal interface material as set forth
in cla mwowbeesin the thermal conductivity enhancenment @®OQFISOBEIES70 S
selected fromthe group consisting o silver, copper, gold and m xtures
and alloys thereof. 9. The thermal interface material as set forth in claim
1 wherein the alkali nmetals are selected fromthe group consisting of
lithium sodiumand potassiumand m xtures and all oys thereof, the

al kal i ne earth f2t al A thekmalgntesfacednatesal fondogdingsubstrates, ite thefrmadgnesi um

and cal ci upgy é‘?vféttéﬁa?%oﬁﬂ)‘i’isﬁuga‘é] gebggr&rﬁaﬁ;cgﬁpl}ﬁe@on&fé eéécﬂ% ; jal's are

sel ected fromthe group consi st tite rconium | I um
tantal um Selestedireraribe gremn oandstingeiinisdicoangernaniyiysand gyxdyres ané rare

earth get ahfoy ther&dfefrdash fngmaié BRYSEPYE S bl 'ﬁ‘lazn‘i)_fhe @a{mrph%jmmﬁnger i um
praseodymi um” samari um neodym um eyr gpi u adal i ni_u erbi um_ .
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i nterface gndetikresandelloyothenesfn cl ai m 1 wherein bondi ng conponent is
indiumor the indiumtin alloy and the total concentration of refractory

metals in the solder is | ess about 10% by weight, the total concentration
of rare earth né8al sThe thérenal antéeface snateds! atosettfoBhoimglami ghwheesinl the t he

total conc ' : ' , | | [
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Sbout SoPLgbi S BEITRR IR GINg SR At IR Y VR AT Ye

al kaline-earth netals and zinc is | ess than about 10% by wei ght. WO

03/ 007312 PCT/ U022/ 1587 14 12, t her.mal, i nterface terial for bondin
aubst1 ates. t he her 1aF el fegEon AFTa) L sl i Gl At ynp R BE ' "
conpri ses tpdhldcornzentration ofredfed ctoryahetalsid the soiddras lpssithban absubbvanlyy of ti n,
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al I oys tBerpefis |e53-thdR@bblet 0% by \%@?ft.ace material as set forth in claim12
I .

wherein the solder conprises about “/5 to about 85% by wei ght gol d and

about 15 to about
15. A thermal interface material for bonding substrates, the thermal

interface material is characterized by having a reflow temperature that is less
than about 350 °C and by having a thermal conductivity of at least about 15
W/mK, the thermal interface material consisting essentially of:

5 a solder consisting essentially of 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 ranges from about 30% to about 90% by volume of
the thermal interface material; and

a CTE modifying component selected from the group consisting of
10 beryllium oxide, aluminum oxide, aluminum nitride, silicon carbide, silicon
dioxide, copper-tungsten alloys, low expansion iron-nickel alloys, low expansion
ceramic powders, low expansion glass powders and mixtures thereof, wherein
the concentration of the thermal interface material ranges from about 10% to
about 70% by volume of the thermal interface material.



25% by weight tin, or the solder conprises at |east about 90% by wei ght
gold and about 1 to about 5% by weight silicon, or the solder conprises at
| east 5 awouB/o80% by wei ght gold and about 5 to about 15%ploy/use2/g3sro
germanium 14. The thermal interface material as set forth in claim13
wherein the total concentration of refractory netals in the solder is |ess

th bout 5% ' : : i I's i

| eas than about B0 By Mormayifierided mAgRAI0E bBARG shbsbftesn s ttrilll 7 © ' ©
netal s, alikteriace-raalerial isechractarized by inavingsa reflow temaperatisatthatisedess wei ght .
15. A therygh a'thFBSG@é A §¥r hﬁbingga’ tggﬂﬂgl &Q\cﬁ}éﬂ@&# ﬁf §6leabSbddiersmel

interface material 1s characterized, aving a reflow tenperature that is
less t hanVémbuthestieroahifderyca magteripl gopsisting eseentialyafvi ty of at | east

about 15 W nK g t6iglet B6RsBling 8éintiafe ofidRirh 2Ab SN, Ty WeigRe6FtitahRim Y of © 5
a sol der con |sttggga§s ent| i ndi,um . abq % by wei ght

| v aof ut, 0.5 to ahout
of titani FRGARC o By e tQﬁHﬂ%CE% W@P&?th%? CRPCRIMT acl’f,%hﬁ,herei n the
concentr atécbdenbn?be froot dboutr307%gds aboatroa¥ioby valQPhe of thedherralinteyfacel ume of
t he thernal {?nt Er ace material; and a CTE nodifying conponent selected from
the group PR of 10 beryllium oxide, alum num oxide, alum num
nitride, silicanCdé&r tioddyingidompamentiseblecthsl framphergroupgengisting bbys, | ow
expansi - - i+ : S aili expansi on
ol os pindesr Il 5, SLiHiin S, SRR iR e i e
t her mal i rdiexifaceoppardungsten algxs lewaxpansion inepicke! alloysi lonoBxRANSIAR une of
the ther MederhiepbREErsTTE ekdhnsiMPoRRsPRI?s BRE/HIRARES B8d@of, WhekBin A
t her mal mélerface materi gl f f] bon w{g{; substr at es, th? thehma% dr{terface
material i6eOREFERYRYGYE t“@ﬁ B Medhing epmpnerhigBess iiod eRatt 1Q4%118ss  t han
about 350 £bandoby bhaviumge af tHecthemihatiateHads miateriadf at | east about 15
WnK, the thermal interface material consisting essentially of: 5 a sol der

consisting essentially of indium about 1 % by weight of titanium and
about 0.2% by wEl.ghtAmfactive stideethalt weid eradaltic ahd nomametalliasidacasf attahe

| d 0 / 0 . |
Thtert ace Cihers i BB aoliticd Aot AMSKIAMY, Re alfd OLEE, |
consi st i ngCasMPrising bendingi aamponant selbcted fom &% areup gongisHugnchindiymean

silicon Caih@iiuﬂ?atinSaillb}/,cé’rf‘go@i-tﬂ?(é% af@RRRUrds RGP STNaRd bAYAtrinsRY6EgeANSi on
i ron-ni ckel all OYS, ?w Xpansi on - ) )
5 getter selected from the group consisting of alkali metals, alkaline-earth metals,

refractory metals, rare earth metals and zinc and mixtures and alloys thereof.

18.  The active solder as set forth in claim 17 wherein the bonding
component is indium or the indium-tin alloy and the total concentration of the
refractory metals is less than about 10% by weight, the total concentration of the
rare earth metals is less than about 5% by weight, and the total concentration of

5 the alkali metals, alkaline-earth metals and zinc is less than about 20% by
weight.

19.  The active solder as set forth in claim 17 wherein the bonding
component is indium or the indium-tin alloy and the intrinsic oxygen getter is
about 0.5 to about 2% by weight titanium and about 0.1 to about 2% by weight
misch metal.

20. The active solder as set forth in claim 17 wherein the bonding
component is indium or the indium-tin alloy and the intrinsic oxygen getter is
about 1% by weight titanium and about 0.2% by weight misch metal.



ceram c powders, |ow expansion glass powders and m xtures thereof, wherein
the concentration of the CTE nodifying conponent ranges from about 10%to
about 70%by3waisuzre of the thermal interface material. 17pcAUsaziisve sol der
that wets netallic and non-nmetallic swrfaces at a tenperature bel ow about
300 C wit hout extri nsi c fluxing, the active sol der conprising bonding

2 1oy an gol d-4Tn aTopeBTas SCioRb AR |7 W HRindhe Ronindy gen s
getter selcemnmhéntosrthmgolgrtmuailaymm ﬁtagrgddnh &llok(adamprestwlabomlmetbi ne-earth

metal s, JL?%%%@'\R%}@@C&I& ahd tt l??'fgtaﬁbfjt ?@‘90 tﬁ %lgﬁ'{f‘ﬁnmaﬁé}‘l’ﬁvﬁﬁtglnd

al |l oys ther Ive SO er as se erein the

bondi ng coraneestiation of refragieryrmetads intheseldards abpet/0.8rte abiout (%I by

fggctegi ;?tweighpfthé ital éd’ﬁde?ﬁ?rta%b{ o'f«%h@hﬁnét%lé i@Safbohh@m ﬁab%utlcpg/p wei ght,

centration r arth netal | ess an a out 5% by
wei ght, anWeighb thetetal wﬁ?@ﬁr@#laﬁ O?ﬁ?@ﬁne@amemﬁiai%ﬁ abut ). ito abPRel i ne-earth
netal s and) gy weidresand fntoadlaidnceRtration veriabls aBOut Ohaoabouy 6.5% bger as
set forth |n ﬁtal m 17 wherein the bonding conponent is indiumor the

i ndi umtinV y and the intrinsic oxygen getter is about 0.5 to about 2%
by wei ght tltanl um and about 0.1 to about 2% by weight msch nmetal. 20.

The active sol dﬂ etcftr(% ‘{]?éﬁcgh%&%7 d}?ﬁl Sh . the bonding conponent

|s i ndium or the |n c oxygen getter is about
% by wei ght ta.t anummeWMGmr subatr/atwhwwtfmﬁt%ﬁaﬁ%taaﬂ a berlo3/ 007312
PCT/ USO2/ 1q@#dde; 16 21. The active solder as set forth in claim17 wherein

t he bondi ng conmponent js the gold-ti and the oId tin alloy

conpri ses aboutb-77 & 9%389'08%6%00\@?99%{ éﬁ-!rf?c&rﬁftg (ﬁ?tm'?c‘?”@‘dft‘A'bOUt 23%
by wei ghg dubstraend the total concentration of refractory metals in the
sol der is about % b t he, total, concentration of
alkali netals i% abo%lﬁeﬁtbﬁn%gomgﬂpxbﬁg %hfrr% sé’ﬁﬁac taﬁp g)@gﬁsurface,
concentratamh of al kaline-earth netals is about 0.1 to about 0.5% by

wei ght , and thedtOtaéthCe‘?Hm%‘Fﬂ&éﬁéée% %nﬁ'b’&%dhﬁ tﬂB%&ckogu]rfatc% @Ryt 0. 5% by

wei ght. 22. An €l ecttonic device a sem conduct or
subst r at e $emicogdactor substeateftathe ﬁdtsurmzeko tbe &ink component, the

10 thermal interface material being characterized by a reflow temperature that is
less than about 350 °C, by a thermal conductivity of at least about 15 W/mK,
and by consisting essentially of a solder having a melting temperature that is
less than about 300 °C and a CTE modifying component having a coefficient of
thermal expansion that is less than about 10 ym/m°C, wherein the solder

15 consists essentially of:

i. a bonding component selected from the group consisting of
indium, an indium-tin alloy, a gold-tin alloy and mixtures thereof;

ii. optionally, a thermal conductivity enhancement component
having a thermal conductivity that is at least about 100 W/mK; and

20 ii. an intrinsic oxygen getter selected from the group consisting

of rare earth metals, alkali metals, alkaline-earth metals, refractory
metals, zinc, and mixtures and alloys thereof.

23.  The electronic device package as set forth in claim 22 wherein the
CTE modifying component has a coefficient of thermal expansion that is less
than about 8 ym/m°C.



b. an electronic device on the front surface of the sem conductor 5
substrate; c. a heat sink conponent having a front surface and a back
surface; wendoaz1a thermal interface material bondi ng thePoaaksoyussi@ce of
the sem conductor substrate to the friont surface of the heat sink
conponent, the 10 thermal interface material being characterized by a

refl ow tenperataye t i Sq A\ S . tivity
of at |east about 15% ﬂg%trbaﬁ%dd %@8%8% %'Sg)eet?ggﬁ%{? glﬁtutr"\e%%egegﬁ%
havi ng a rntbetmabintesfasermaterial comprises abegk3Qhdn akioot P030DY wokwme af tieE

modi fying Wéb@%ﬁ%_t@a%%wadW%olgfneéﬂﬁéf@TEmfyﬂ n that is less

t han about erein the solder 15 consists essentially of: |I. a
bondi ng coBR@MNtsel ected from the group consisting of indium an
indiumtin alloy, a gold-tin alloy and m xtures thereof; ii. optionally, a

thermal conduct .i ty. eeph n%:remsn eV(:orrgo ent aShavifn ant (?r onqu tivity
that is at |east2abolit® SHSTANIEEVIFRPEKage; as Sof fRP N S 25 YHERIY LG er
slelkelc_t ed fthermthategfavepmatenial sbmpgsesaboatr S08atd bbmﬂteﬂ%,b)a}d{whbdoml??ll S,

al kal i ne- ¢ : I I

t her eof . Zgijl&%h%%e?é@ftr%@%gg%ggpggo%ﬁiggg@sg@ggﬁﬁ\ﬁ'ﬁﬁﬁa?% 22 \M?)éfei n

the CTE nesnpgmerd. conponent has a coefficient of thermal expansion that is
| ess than about 8 pm nC. WO 03/007312 PCT/ US02/15870 17 24. The

el ectroni c device package as set forth in claim?22 wherein the thernmal
interface mater?@l cHhwpElestienigrirmicespaskageaoset fodbimglaim 2mwherein fre

sol der andhahfdlinfdifadeomakeidl is/éfarbdterigbd B9 reflbietefiberanite belovgabout

conmponent .25, . The el ectroni c devi ce package as set forth in claim22
wherein t t%ermal interface material conprises about 50%to about 90% by
vol une of the solder and about 10%to about 50% by vol une of the CTE

1 ai m 22 wher o 31t he ¢ Rlsehaficdod BRUGRAER F BREERBITR S Rholelh e "
refl ow t entperraalinterfasieonatesialiis ctegacterized by a reflow temperature below about
200 °C.

28.  The electronic device package as set forth in claim 22 wherein the
thermal interface material is characterized by a bulk thermal conductivity of at
least about 20 W/mK.

29. The electronic device package as set forth in claim 22 wherein the
thermal interface material is characterized by a bulk thermal conductivity of at
least about 30 W/mK.

30. The electronic device package as set forth in claim 22 wherein the
electronic device package is characterized by an interfacial heat transfer
coefficient between the back surface of the semiconductor substrate and the
thermal interface material that is greater than about 50 W/cm?°C.

31. The electronic device package as set forth in claim 22 wherein the
electronic device package is characterized by an interfacial heat transfer
coefficient between the back surface of the semiconductor substrate and the
thermal interface material that is greater than about 500 W/cm?*°C.



27. The el ectronic device package as set forth in claim22 wherein the
thermal interface material is characterized by a refl ow tenperature bel ow
about 2080@3/0@812 The el ectroni c devi ce package as set forch/se2/cisas m 22
wherein the thermal interface materi® is characterized by a bul k thernal
conductivity of at |east about 20 WnK. 29. The el ectroni c device package

t forth inglai | - face:
Char acter | zed DYa DN EHGI NG SRRt eOEED o Mo BT Bralh g
30. The el GTEmodifyingeorpopatkisgelested Font thergroun cangising ofheerlium t he

el ectroni g, ,lé}@mmﬁ{fﬁg&@el, BIFRRALACHREdE Slicol cabibat ﬁﬁécﬁ?d@xidé%bpbéﬁns“ er

coefficient between ack surface pkgg\e sem conductor substrate and the

t her mal i itBEgsteRlRYE JPWXRARSION iE0yPickekallayRaloVBRANSIN 0P@MEC. 31. The

el ect r ong Cpaleyere EloMaeXFBicreglass pbakdels and ehiriuresthenrbef. ei n the el ectronic
devi ce package is characterized by an interfacial heat transfer

coefficient between the back surface of the sem conductor substrate and the
thermal interfa@% neltee ekdctrohitdevicegpackage adhset fattbun cEOD 28 whiosih thaD

03/ 007312 7. . Ul i s set forth
in claim z‘g%é%ﬁ{r?j"?ﬁ‘é@ Eﬂ%r?rr%&? %@%ﬁ?%r%‘gh@e%?lgﬁ\édgg?@gﬁéggﬁgm the group
consi st i ngcartsishimgyafisilven, corpelie goi and mixtuess ard alleysiheneefni tri de, silicon
carbide, silicon dioxide, copper- tungsten alloys, |ow expansion

iron-ni ckel alloys, low %gansi on . ceramc 5 gowderg,, I giw gﬁza si gn, gl ass
powders and ni x34ir esThéglesgpnicievios,pagiags aoseidogan cim ‘é’(géred%t t
forth in chraimmélalghes selectétfrofmlergrbug eodsieting of lithirh assdiomndnd onponent

is selected framthe, gr.ou consj,sting of, silver,.. copper | d and m xtures
and al | oysPRURSFHBY gn%ﬁyxtyﬁees @rl‘%@h?)bsnﬁhgr%fgv ea'Ea'Hl&ﬁggﬁé“%tg@ Erth in claim
22 wher ei nsdlbeteddidmithe gedud sormistingedfanaguiediumnartchealgiuoupnd onigiuses$ agd of
l'ithium sgdi t | ' I hay ;

al kal i ne5 e@ﬁ}yﬁqhgﬁé%f,stﬂgrrgﬁggggwe@{ég%@ﬁ%%&%ﬁ%ﬁ;ﬁgﬂ%ﬁh@ﬁg?é? F’ﬁggg?é %ggnesi um
and cal ci uifeaivin,irconiues, hafdius,dani@jum: yanasiem anseniobiunaéndmixiwseapadar e

sel ect ed félﬁr?sgﬁéréb?,qge rﬁﬁfﬂééﬁﬁ H&al@farets'eiééﬂéd’FPon'FtHeC@r'&UFrBonQ%ftiﬁgldﬂﬂ

tantal um vanadi um and niobium and m xtures and , alloys thereof, the rare
earth met aRsthansmgesiim PraseRAREMy SsMArEHNdYRYUBS UFeRYManum ceri um
pr aseodyni gdol AR fewsiunt) @9dpiosim addngieirbitim and mixtures and alloys thereof.

35. The electronic device package as set forth in claim 22 wherein the
solder consists essentially of indium, about 0.5 to about 2% by weight of titanium
and about 0.1 to about 2% by weight of misch metal.

36. The electronic device package as set forth in claim 22 wherein the
solder consists essentially of indium, about 1% by weight of titanium and about
0.2% by weight of misch metal.

37.  An electronic device package comprising:

a semiconductor substrate having a front surface and a back surface;

an electronic device on the front surface of the semiconductor substrate;

a lid having a front surface and a back surface and a recess for receiving

5 aninsert;

the insert being sized and shaped to fit within the recess in the lid, the
insert having a front surface, a back surface, a surface in contact with the lid and
a coefficient of thermal expansion that is between about that of the lid and about
that of the semiconductor substrate; and



gadol i nium terbium dysprosiumand ytterbiumand m xtures and all oys
thereof. 35. The el ectronic device package as set forth in claim22 wherein
the sol dwo wcensists essentially of indium about 0.5 to @oautSo24sshy wei ght
of titanium and about 0.1 to about 2# by wei ght of m sch netal. 36. The

el ectroni ¢ devi ce package as set forth in claim22 wherein the solder

consi st ghessent | [ | : 9 ' | hdm and about
0.2% byﬁ\)/vei ght %ﬁH&X@%ﬁnd&eﬂﬂgﬁ&%%gﬂalg%ct r%trqféc é(vﬂrgédga?ggg_e conpri si ng:

a seni condsRMisonduetor subsirata e aglaast aportienef thedrentsusfasaaf theinsedle; an

el ectronic device on the front surface of the sem conductor substrate; a
lid having a front surface, and back surface .recess for receiving 5
an insert: the $%hser tN@Elecyos '%Baéﬁ%e@ﬁ §‘%r}grtﬁ 'V\Acfar‘nmrp{ WbeFeéE in
the lid, tH&%esirF] nﬁﬂfetlim@)géﬁ@s mWe]Er]gﬁtommé front Sla'fal\r;‘eICdxf therlfdatoes painsur f ace in
contact with the |id an c | Ci . expansion that is
bet ween ab%éh”eteﬂatbeg'fonttﬁﬂﬁsﬁ;?jgﬁﬂéh%bggl% Sg{fﬂé%]géﬁ%tlﬁg senm conduct or
substrate; and WD 03/ 007312 PCT/US02/ 15870 19 10 a first thernmal interface
mat eri al bondi th : ) ; at

g9 fpgégl‘ec%hfoa& il pépsﬁ%ig%@gpﬁﬂqﬁ g,gg.ﬁ‘#ﬁe&vglawn e ¢

| east a portion Of tf ront surtace . ectronic
devi ce pactesges isthedid exends inwvarddram e fret surfagenef thediskto tha bagk 1 d

extends i nyshd apetige front surface of the Ilid to a point between the
front surface and the back surface of the lid. 39. The el ectronic device
package as set forth in claim37 wherein the recess in the |lid extends

i nward from t he4dr onThé eldoremicdevite phcihdeoas bet foathkn ctaimf 3T evheteinltiee | i d.
40. The el ectr.oni c devi ce F@ck§%e. a@ ﬁlat forth in claim37 wherein the
¥ hae

insert is DSAPIRSEMBRESRIMN "d. 41. The el ectronic devi ce package
as set forth in claim37 wherein the entire back surface of the

sem conduct or substr ' ; f: ; ' by
the first ther nlwg T nﬁégfe L%é%%@@%lé?pé%d%ggﬁ @ﬁ\ rl@%ﬁgﬁl&%ﬁ%&hﬂiﬁ%ge as
set forth entirelkackTfacermsithe sagicondustaiisubsiratenisdondgditadha fopbnt surface
and back sgikacLof hRAnderf BY MW it Bidral intbAaEaRtatamaier i al for bonding at

| east a portion of the front surface of the heat exchanger to the back
surface of the lid.

42. The electronic device package as set forth in claim 37 comprising:

a heat exchanger having a front surface and back surface; and

a second thermal interface material for bonding at least a portion of the
front surface of the heat exchanger to the back surface of the lid.

43. The electronic device package as set forth in claim 42 wherein the
second interface material bonds the back surface of the insert to the front
surface of the heat exchanger.

44. The electronic device package as set forth in claim 42 wherein the
semiconductor substrate comprises silicon, the lid comprises copper, the heat
exchanger comprises aluminum, the insert is selected from the group consisting
of beryllium oxide, aluminum oxide, aluminum nitride, silicon carbide, silicon

5 dioxide, copper-tungsten alloys, low expansion iron-nickel alloys, low expansion
ceramic powders, low expansion glass powders and mixtures thereof, and the
first and second thermal interface materials comprise a solder selected from the
group consisting of indium, tin, gold, bismuth, lead, silicon, germanium, copper,
silver, lithium, sodium, potassium, magnesium, calcium, titanium, zirconium,

10 hafnium, tantalum, vanadium, niobium, lanthanum, cerium, praseodymium,



43. The el ectroni c device package as set forth in claim42 wherein the
second interface material bonds the back surface of the insert to the front
surface owotdmotseat exchanger. 44. The el ectronic devi ce packasgz1:30 set
forth in claim42 wherein the sem comwductor substrate conprises silicon,
the lid conprises copper, the heat exchanger conprises alum num the

insert is selected fromt D _consi sf.i f beryllium oxide | um num
oxi de. ar g prpdanudl e PRGINLES e iRt RreH i HiftCand

copper - t unpstenesaridoglloysitbereeftpansi on iron-ni ckel alloys, |ow expansion
ceram c powders, |ow expansion glass powders and m xtures thereof, and the
first and second thermal interface materials conprise a solder selected

fromthe group®onsTke legtrenici dryicepackage afoset, fophdmglaim 44wherein theon,
ger mani um filSPRREsecorid the?mal |ntéhdtTmatértis BbmBALSSCYEImBaBARST um cal cium
titanium zirconium 10 hg_f niym tantal légb v%ggdl Lfm ni %u;‘n I ant hanum
cerium pre¥BRONRRSRledies Ham roUpEPNEISHDY £E 8/l 0Xiges AYMINUAL ody mi um
eur opi um  @gade| alominom tnitfidle Ustlicaly SarbitRd, Bllicod idiuxide)topperturigstematiow, | oys

t her eof . 4|5. The el ectroni %ﬁqurl ce, package.as set .forth in IcI ai.m 44. wherein
the firtORRKAAOSIANI ARBICKE! Bl EPIRNA} SHRLIE BAYEILLS 1AW EKRANYA  yi ng
conponent glasepbwdefs amd nMidtuggsotinereafnsi sti ng of beryl i um oxi de, al um num
oxide, alumnumnitride, silicon carbide, silicon dioxide, copper-tungsten
al l oys, 5 | ow expansion iron-nickel alloys, |ow expansion ceram c powders,

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



