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One alternative to the foregoing non-metallic TIMs is a solid metal sheet or
preform made of a typical solder alloy. The metal TIMs ensure high thermal
conductivity value (e.g., about 80 W/mK for an indium sheet). Metal TIMs may also
exhibit a favorable solder or wetting behavior upon reflow which facilitates a low
thermal interfacial resistance. During reflow, the solder and substrate are heated, the

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

FIG. 1 is a cross-sectional view of a conventional semiconductor device/heat sink
configuration.

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

FIG. 3 is a cross-sectional view of an embodiment of the semiconductor

device/heat sink configuration of the present invention.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON | nprovenents in
el ectronic device performance are frequently

weaceemmpadtred by i ncreased power consunption aRdT/US2003/037645
decreased devi ce size, which independently or
cooperatively may result in increased power densities.
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0 an electronic device substrate. In certain
soliet,anCER niddéfyimgl cderpoperfdrene ft imddsirable tasddxess Thévimabatismatch,
i n.other applications where heat transfer is not .
A8 po e shors Pofhire ApaRIes eAn FHHSIGDIES™ Rell GaR Ptiqglly be used in
g function as a TIM A. Sol der The high
%&?&%e% eﬁal'%{sborrpri ses a solder that allows the TIM
t 0 bdFit fireseat ingéntmmadsor iatledestssaldez préferme haying kghangedrwettability

"substrate" refers to sem. conduct and/ or heat ..

(g R BG AGHEE SHOMEE: ThoS BT BF atras the S10ciaiyp D Tactions as a
BRE MR lliStherShlicaMdns Whbfe Hedt @fdr & ndRABA or ¢ /6therwise
"substrate” wth the TIM Wen thermally processed,
inheretlyMdehaat,dhdbpretbrnt does et Bnpisarr astael M. a t enperat ure

| ess than the failure tenperature of an active

(el ectronic) device (e.g., below about 350 C,

Qrebrepbl y bel ow about 250 C, and nore preferably 25

bel ow about 200 C). The solder nelts below the active

devi cBhefhigh peréormanpeT BY ¢paiprisgstassoldes thap allewinierFivetodiead to a

al l.ows the fqrmtion, of .a.chem, Lor. j

ShHEEnht SscaeiBeaRE i R St ¥ s8bicaBRREN o e
@iidcdrifone I/ R laBy WP atiele, déviées dpparatug @Re fdlich istjéi@ed to
solder nelts at a tenperature | ess than about 300 C,

amotifee push) ‘gubistrets” withrthelBBYt Vehen thermally pregessgdnthe TIM should bond

O T e .
ERVet(e.85 b@ow\/’(@oaﬁ’)@ﬁf 0B AR ErBETH USSR QBSUtQ30 645 and mbepreferably

sol der may conprise a conventional soldering materi al
ohdw hbow @00 €3 Bhe solder melts below the active device failure temperature, wets

to the substrate and allows the formation of a chemical and/or mechanical bond that
effects good heat transfer between the TIM and the substrate when solidified. In general,
the solder melts at a temperature less than about 300 °C, preferably less than about 225
°C. In certain embodiments the solder melts at a temperature of less than about 170 °C,

such as between about 160 °C and about 95 °C.



adj ustment of the CTE. For exanple, the solder may
conprise Sn, Cu, In, Pb, Sb, Au, Ag, alloys of each
wohodshe4d7or egoi ng, such as Au-Sn, Au-Si, Au- GepCamg2003/037645
ot hers such as Bi alloys. &, for exanple, the solder
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t hermal cond i vity enhancenent component. The 20. .
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*39% 3Bl b, SRREBEIIMb B @OUeto8 BY tind hBOutW tksbout 3% Ag. Tn
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15 laaothen ethlsodimentAt is abi-Ag allexicapuprising 80497wika Bi end 3t205¢% Ag.
thereof. Ag, Cu, and Au have thermal conductivities
of about 425 WnK, about 400 WnK and about 315 W nK,

L TREEE A HnWuct WS Enkehcdnfent ¥Binpahdrdts have rel atively

high melting tenperatures (e.g., the 25 nelting point
of ~ Ag Tosinetisasgthegisliow throegh é;g T%M iadqueterred smbedimeyt of the

R MM IR T e e
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cuprates, and silicides. Another_ class of preferred
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T B PAES5Ta|CELAS00 41 3P G0 o g e

Qmﬂﬂcédﬂdhbtmﬁéﬁt&mbemams WanKoalsowt 406 W/ndd amxi)a‘tatueals W/mK,
into the solder in an_anount ran m about 1 wt
%@Gcta%(it Sush mgtals typagallyrdiaye B Weg’é%lglb [tmg;temperatures (e.g., the
ﬁ{lﬁg bl 0L RGRLANIE & Q)?@ﬁﬁ?ﬁb@lﬁql@%&d’war{ﬂ 8R%u30@8ut 1,065
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h Oiﬁergﬂ‘é/f%ré‘d comlﬁttr@nﬁsfwe 1$1<gh dermaMOnANEE/§eeTTics such as, but

/ US2003/ 037645
not limited to, AIN, BeO, BN high conductivity cermets, cuprates, and silicides.

Another class of preferred thermal conductivity enhancement components are carbon
and carbon phases including diamond, carbon nano-tubes, and related derivatives.

30 The thermal conductivity enhancement component is incorporated into the solder
in an amount ranging from about 1 wt % to about 50 wt%. For many applications, it is
preferred to incorporate between about 5 wi% and about 20 wt% thermal conductivity

enhancement component, such as 6wt% Al, into the solder.
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C. CTE Modi fyi ng Conponents Heat flow through a TIM
can be inproved by preventing degradation in the

wonvismat@7cont act at the interfacial regi on oveCcTse003/037645
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élfuﬂwmn?%ahma@r@ s ingligde by IBLAX §€ foout 8.8
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Uit @)esilitBieselitle (dbdued.p el/er U?,Chﬂz&nedibﬂde (mmt @b pniven°C),
present invention the CTE nodif onent

lcwwpspmsem irapwnicksl piays emmerly refe @ 1:0 Q§| QY AReiAIGAR (about 5.2

an/eé% dgg)\r/%oghg Sr;f%frglnf’#gqlg-g' e&%aﬁsn§ &q&k VIV?IJSSE f& ?rsgﬁh%ut 1.0
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ductility which makés them anenabl e to post-alloying
eprhodinsit g the(presgnt inveritlonthe 648 resdifyisg eamporenibdanpyisey low

e R B bR G A TR B e by
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hsw b lrelatovedy bxghfdscfalbyyvhmhmal@ Ehem gmendile b?ep%ééﬂoxlh@processmg

FILERNE R

st &rate is between about 5 pm/m°C and about 30 um/m°C. More preferably, the CTE
mismatch between the TIM and the substrate is between about 5 pm/m°C and about 20
pm/m°C. Still more preferably, the CTE mismatch between the TIM and the substrate is
less than about 10 pm/m°C. Most preferably, the TIM is tailored for the desired CTE

mismatch for the particular application.
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m smatch for the particular application. WO
2005/ 064677 PCT/ US2003/ 037645 6 Al though the amount
wohosmedrar and CTE nodi fyi ng conmponent dependsPom/ushm3/037645
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paxtidinlai- apysicatién,ahpTIM abdfetpblylcomprises ahobb30rde ekout REYsTp3vyolume
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the preterred enbodinents, the above-describ

theondinig euRRARCES dUring refewsn baprsticulde gt pf he &ggiﬁi & ipgybe
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L
shhgiDoMRuROdpdsisipg rréduatibly proeedsingd Inlcenteast,sn dre preferred
conpounds. This avojds an added operatjon and added
embedimants, fekaboyedsecribsd dhermal Goprastivay gnhancgmentcompongits and
t ' i LSH:Ret;

G RRULYRE P ot B shOdtis ook V8 ot e fuck ULy senge these
cdfighohénte sonsit bhigwif tistabbaeaoted dpédificdliyoecited ebapagnitngr compounds.
for. .20 wetting. D. Blendi The conponents .of .
Ty aerids anaddge PPEIBRM G f\ﬂﬁ?@ g@?ﬁ% ,ngatﬁa P@PG@F@PM and less

[ £ [ . £.Qr RAWH ;
PRt ie3h i Frchfp: RSOl U St RGOl ueine
cofnippaaes tensisting balyoxdiths aditivey, wihwls sutfhemiedifoatipnes goating for
conpaction, then wought 25 netal processing to yield
Véqting (ribbon) or foil subsequently processed into
preforms. An alternative nmethod achi eves conbi nation
of the additives wth the solder by high shear vacuum
i Blendingf t he powder or particulate into nolten

sol der,. Thi s high hear vacuum m.x. provi des .

suf 1 [ EeGioPTRpnRS PEeikrathyi! egnduelivied RANAG Ry il GTE modifier
£ té@f@%lly $iitel 66 BE phwdkr SP SR piftichtds whisteedlst e blended. These
pre-wet the additives. In particular, it has been 30
wirpooers ezh bheambinedbypryrds dlending, gicay corapaatios, thae wrought

rlngt\a{lelg}%éé?sgintg?o ?11%13: S 1[1{) I(r‘i”‘bqoolnﬁ1 ort E)‘iel subsequently processed into preforms.

An alternative method achieves combination of the additives with the solder by
high shear vacuum mixing of the powder or particulate into molten solder. This high
shear vacuum mix provides sufficiently aggressive mixing that the components become
sufficiently dispersed without a need to pre-wet the additives. In particular, it has been
discovered that this aggressive mixing permits the invention to be carried in the
preferred manner described above where the additives and are not pre-wet, making the

solder simpler and less expensive to manufacture.
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PCT/ US2003/ 037645 7 A further alternative nethod for
conbi ni ng i nvol ves physi cal vapor deposition (PVD) of

the solder onto the surface of the additive. This

yi el %ﬁﬁﬁt i oY cbibin®iY AP REE it
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wrelghtng softetei@end eirdeght. One preferred alternative is
kinetic spraying as disclosed in U S. Pat. No.

6,283,386 (incorporated by reference), in which the
powdel G QP ARSRAEeIh EhOORAS Go-RYrag MheHadliti B laflil B8l dery} thermal

Kinetic spraying method is preferred due to reduce
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Increasing the heat flow through the TIM by sel ec.t;*gn% _
Wfé@ng.lihxsgm@wtspwm@tbed iserelerred duaipdredudied dompatiopit oxides,
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|n€erface. n fact, the resistance to heat flow at

such an interface can be up to about two orders of
magni tude greater than the resistance of the TIM The
primary cause of a low interfacial heat transfer

E: Ofriristi @x¢gch Gevlet €ompbeer?) formati on of areas at the

interface in which the substrate and the TI M are not

in i ApipAditien temereasing therfirat flow dyeugh bas INEDY sedecting heat

[ ati . . t he:
R ARS8y bt SR R pphiRia
itnprevegient inethé héat floackom shd dvarqerte sebatate istealiaed byimcreasing the

heplF AR I GeetFieBY & IR eln ik B SUraRCe i BESH o gsuh an
iangﬁéé &hHRtph a?&ﬁ t&b Mrdcss O BasBfudb BAAtR RO hS \%s}é(n%%g@fthe

o> nore preferably greater than~about 500 Wc
Thvpi Tlad primary cihdd afsddwtintejfodial Imatieaistaredefficomnt {smftea the

talized sem conduct or. and, a heat, si r ires . . .
RIS O AT28 AP .H% %%-131 yihiqh the Pﬂﬁ%@%‘ @Eﬁmﬁﬂ@%ﬁg%% m mntimate
cfoﬁ%@ﬂ. ks, BHEd AERScPhs hBRatldMndiBeuR I EQRHIGL fFay from the heat
substrate, and the heat sink conponent to activate
soteee] Ai sscomglapy cwes sf wduced|Heatdranister Mrivighothegnterfags is the presence

osflilzrarfiggsei%ferrggt%{ﬂccp%lasgsley(ﬁbﬂgqgl hslgher thermal resistance. Preferably, the

interfacial heat transfer coefficient of the TIM is greater than about 50 W/cm2°C and
more preferably greater than about 500 W/ecm2°C.

Typically, a TIM used to join a semiconductor (or a metalized semiconductor)
and a heat sink requires mechanical and/or chemical fluxing to remove oxygen from the
surfaces of the TIM, the semiconductor substrate, and the heat sink component to
activate the joining process and allow the TIM to wet the surfaces. Chemical fluxing is
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
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werrghb@@,@byutr?@f’/am, gbaut ho Nsl, alequti6%o Py @slsabpnh@r%(bewb Sm, Gd,

]%’ét@b%ld]yﬁwg E’tgééfe?ﬁg’n hpet t% Orggﬁtg%/tfo\?\i/teo:f Qﬁffa%tork g{e?%lg ﬂ‘{ tthg si)lder is

eahenhbad 109 wiwékkiatte, tot'al kﬁicbﬁtﬁaiﬁﬂroﬁ’k‘ara Baktl nfetals s less than
| ess 20 than about 20% by wei g I n one_ exenpl

Bt chinencrbR ek R o af sl laHBeganand zine is lss
[ msch nmetal as oxygen getters to
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s ubst mr&neekbmpml érBbodibenie iRV cdrbprises ifdivhes did soldertand

conpri ses about 5 to about 2% by weight, Ti and

fét@@l@fn dmiseh m@ah £5 OX B SFLIHE iprOVidie S qompliag] § yehhigh GEE alloy
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found to yield a conpliant TIM sol derapl ed
mag,ndebwlnew Mgre preteEsatindt ompgise ot 134 Wﬁl@ilte% pd about
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yet anot rred enbo
Edieplimt TﬁHVI sbBieﬂibIeldgmtth gotg-loaded] sbintkefacial téfects, and therefore less

likely to fail at the interface as a result of thermal cycling .

In yet another preferred embodiment, the solder is a rigid gold-based solder with
arelatively low CTE (about 13-14 pm/m°C) that is typically used to attach sub-mounts
or secure fiber optics (e.g., gold-tin, gold-silicon and gold-germanium solders).
Typically, for gold-tin alloys the concentrations of gold and tin range from about 75 to
about 85% by weight and from about 15 to about 25% by weight, respectively. For

gold-silicon alloys the concentration of gold is at least about 90% and the concentration
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cohbimations theseof aceobhedqaitedto lwﬂqpps@d@ suigk nge-misiallic surfaces

| der le.to wet. no i,C faces
toghre fspLoPiRg bemitgopecptiong; T sty ¢ baid d SFCReR e
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such as, "but not limted to, Au, Au/N, N, Cu, Sn and
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ted ]
TR S ecy T v
I@&Qeﬁ?}tﬁé *HM 28l bE@FeSsolder of the present invention may be thermal processed

at elevated temperatures (e.g., greater than about 500 °C) to provide more effective

S

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-
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‘ ) Having | cﬂ&%&%ﬁ@@ alloy is
A solder which is highly ﬁlled W1th a thermal conductivity enhancement

component and/or a CTE component typically has low metallurgical fluidity. This low
fluidity impairs capillary flow essential to good solder fillet formation. This problem is
addressed in one embodiment of this invention by producing a solder preform . This
30 solder preform functions as a TIM in certain applications, but in other applications
where enhancing heat transfer is not critical or is otherwise inherently adequate, the
preform does not function as a TIM. This preform structure is applicable to both TIM

and non-TIM bonding applications. The preform in one embodiment is a multi-layer
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cuprates, silicides, and carbon phases. In embodiments incorporating a CTE modifying

o)

component, any such component which is compatible with the bonding component may
be used. Examples of such components include the aforementioned components selected
from the group consisting of BeO, ALO;, AN, SiC, SiO,, low expansion Fe-Ni alloys,
Jow expansion ceramic powders, low expansion glass powders and mixtures thereof. In

a preferred embodiment, the CTE modifying component consists essentially of the
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surface of the substrate. Interface internetallics at
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i.el d h | d fill
e PEeRBel EFcen Fo Fhondbrflal opRuffier ot A
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, and t he thickness of each of the
bondmg component in the sphere body, as well as the sphere body surface layer

thereover, may be selected from among, for example, the group consisting of Sn, Cu, In,
Pb, Sb, Au, Ag, alloys thereof, Bi alloys, and mixtures thereof.

One method for preparing the sphere body is to stamp a disk of solder material
from a solder strip. A sphere is then formed by reflowing the stamped disk in a column
of hot oil. The solder spheres are then coated with unfilled solder material by plating,
physical deposition, chemical deposition, or spraying. In one typical embodiment, the

sphere body has a diameter of between about 0.003 inch (0.075 mm) and about 0.06 inch



20 second and third layers is between about 0.0001
(0.0025 mm and about 0.02 inch (0.5 m). An
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‘énecsmn@)manbﬁ ¢t énto dlpa rshw@%toacblew theed@swct thicknessor nore

of the additives. For exanple, an indium based foil
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mesh, the copper is coated with a bondi n{c{; conpone

such Amangdnany degicgs in whigh ﬂlembpﬁ@d@icrlbpda Mgnd Ssmlder preform of
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t he spon e may_be cut into thin sheetsﬁéo achi eve t
eleairarids ArecRackase | qumpisees EeTCRGHCAN SReYTads AfpVing a front

e L T

poef soffacdfa first thermal interface material 5 which bonds the back surface 4 of the

semiconductor substrate 2 to a heat sink component 6 having a front surface 7, the heat
sink component comprises a heat exchanger 8 having a back surface 9 and a front
surface 10, and optionally, a lid 11 having a back surface 12 and a front surface 13. If
the optional lid 11 is included, a second thermal interface material 14 bonds the back
surface of the lid 12 to the front surface 10 of the heat exchanger 8. In accordance with
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 1id and the heat exchanger in such a typical electronic device package.
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for the CTE nmi smatch betvxcﬁen the substrate and the lid
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e 5 sem conductor substrate. The package al so
the inseit apd tle dubstratd rapiier thandberjarges €5 Bamiseatetsbetwgerf the substrate
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el o S0 Biecagies | ErPSha BEEY PoRTRe™ foasgid
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poi nt between the front surface and the back surface
infert ¢rm Hej cdmpTessionmeamtedowitipnitkelid.a front surface 17,

a back surface 18, and a surface in contact with the

lid 19. The el ectronic 10 devi ce package further
conprises a first thermal interface material 5 which
bonds the back surface of the substrate 2 to the
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does the CTE of the Iid (see supra). Stated another
way, the CTE of the insert is between the CTE of the
lid and the CTE of the swgbstkater *Fherefore, the first
t her mal

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 is intended that all matter contained

in the above description be interpreted as illustrative and not in a limiting sense.



interface material need only acconmodate the
relatively small CTE m smatch between the insert and
woOheosgalogtr at e rather than the |arger CTE mi smRCThS2003/037645
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conpr Wirdgoldgr pretad Pr%%]é‘é’erpﬂpé%‘; [ %S&E’rs § Prgt\{lﬁ%t‘er%ﬁomer
10 psrg]f% gy nd a bottom surface and conprising a sol der
ondi ng conponent and an additive selected from

anong 5 thernmal conduct|V|ty enhancenent component s,

CTE nodi fyin re he

secontt %Ir’él‘élg n;éﬁ) F‘&?f‘é‘? ?éieﬁﬁfd%bme?aeaondmg
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| aye 2. . The mul.til ayer solder preformof claim1l

%\ﬁb? Yna?%@l’étmeag}er‘?@t al bonding conponent, the

second sol der netal preformlayer, and the third
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gr oup3. dﬂwsmsltllaygr sofldeBpref@mn of dalnPB whetsin fhe, addiivesompyises a

L aﬁpgg}@i,c%ggy S@PHB‘%E‘?% rcmnggl)l(%ll SRS tﬁ&]ﬁrﬂr:n?%non Al-rt&q coated Cu,

@GdA§ | A€ 268 ANbYsBEredf, AIN, BeO, BN, high conductivity cermets, cuprates,

silicides, and carbon phases.

4. The multilayer solder preform of claim 2 wherein the additive comprises a
thermal conductivity enhancement component which is uncoated and is selected from
among Al, Cu, Ag, Au, and alloys thereof, AIN, BeO, BN, high conductivity cermets,

cuprates, silicides, and carbon phases.

5. The multilayer solder preform of claim 2 wherein the additive comprises a
CTE modifying component selected from the group consisting of BeO, Al,O, AIN, SiC,
Si0,, low expansion Fe-Ni alloys, low expansion ceramic powders, low expansion glass

powders and mixtures thereof.



thermal conductivity enhancenent conponent sel ected

fromanong A, Al-coated Cu, Cu, Ag, Au, and alloys
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9. The multilayer solder preform of claims 1-8 wherein the first solder preform

layer further comprises an intrinsic oxygen getter selected from the group consisting of
rare earth metals, alkali metals, alkaline-earth metals, refractory metals, Zn, mixtures

thereof, and alloys thereof.

10. The multilayer solder preform of claims 1-9 wherein the first layer has a
thickness between about 0.001 (0.025 mm) and about 0.125 inch (3 mm), and the
second and third layers each have a thickness between about 0.0001 (0.0025 mm) and
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16. The solder preform of claim 11 wherein the additive comprises a CTE
modifying component which is uncoated and is selected from the group consisting of of
BeO, Al,O,, AlN, SiC, SiO,, low expansion Fe-Ni alloys, low expansion ceramic

powders, low expansion glass powders, and mixtures thereof.
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agliB9d chft % RS |d AP mbicopbRME wHihNs uﬁ&m&ﬁarﬁns selected from
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consisting of rare earth nmetals, alkali netals,

al kal i ne-earth netal s, refractory netals, Zn, mxtures
t her elef Thasolderpriefym afiedaimefl 1-180vhervin tagsrire hodydthar
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layer has a t hi ckness between about 0.0005 i nch
alloyothe®ofim) and about 0.05 inch (1.25 mmj).

20. The solder preform of claims 11 - 20 wherein the sphere body has a diameter
of between about 0.003 inch (0.075 mm) and about 0.06 inch (1.5 mm), and the sphere
body surface layer has a thickness between about 0.0005 inch (0.0125 mm) and about
0.05 inch (1.25 mm).



