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WD 2004/ 079792 PCT/ US2004/ 006489 ELECTRI CAL BUS W TH
ASSOCI ATED POROUS METAL HEAT SI NK AND METHOD OF
wOoBMNIBATPLRI NG SAME This application is a PCT/US2004/006489
continuation-in-part of the inventors' co-pending
application serial nunber 09/708, 182, filed
11/ 7/ 2000, which is hereby incorporated by reference
in 5 its entirety. FIELD OF THE | NVENTI ON The present
invention relates generally to an electrical bus with
a means for dissipating heat from sem conduct or
conponents, and nore particularly is a nodule
conprising an electrically conductive porous netal
heat sink that has sem conductor 10 conponents
attached to a surface thereof, the sem conductor

ELERIRICAL Fugittn %%éﬁﬁ@b%ﬁég‘@ﬁ HEATISINK

al so includes_ the nethod of manufacturin or ous
netal heat ANBIMETHQR QF MANSIFACTURING GROUND

OF THE I NVENTI ON Many el ectroni ¢ conponents generate
heat during operation. This characteristic 15 becones
significant in instances in which an el ectronic device

W%léiéﬁﬁhéa@ioﬁqg%f é‘érﬁinuéﬁfoﬂ%fp%’rt oﬁfhéﬁﬂ%ﬁfdrseé@—?bghﬁmﬁ application

power .  An excel | ent exarrp e of Is ef

serial rﬁﬂﬁb{a @g}ﬁgrf Bf)].g gii]eedj ﬁ@%@@?%ﬁi?p i%ﬁ%’?ﬁjﬁ’qﬁgg%l? Qe by re%er\ence in

2004/ 079792 PCT/ US2004/ 006489 notors. Heavy el ectric
tlff@bﬁcles i ncl udi ng | oconotives, road and of f-road
vehicles, are driven by electrically powered traction
motors which turn the wheels or tracks of the

FIELD OF THE INVENTION

The present invention relates generally to an electrical bus with a means for
dissipating heat from semiconductor components, and more particularly is a module
comprising an electrically conductive porous metal heat sink that has semiconductor
components attached to a surface thereof, the semiconductor components being directly
and metallurgically attached via soldering to the heat sink. The invention also includes

the method of manufacturing a porous metal heat sink for an electronic device.

BACKGROUND OF THE INVENTION

Many electronic components generate heat during operation. This characteristic -
becomes significant in instances in which an electronic device is used to generate,
transfer, or convert electric power. An excellent example of this effeét. cited in

Applicants’ related application (referenced above), is the inverter used in electric traction
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vehi cle. These traction notors operate on AC power,
but the electrical power supplied by the energy
weauw4nagIt the vehicle is typically DC. This DECP@sen4/006489

must therefore be 5 converted to AC power in an

inverter. Further, the rotational speed of such

traction notors is usually controlled by neans of the

frequency of the AC power. The electric power

generation rectification / inversion / voltage contro

| frequency.control system (hereinafter sunmarized as
motorsoheavy @ectric sehiales; incledingHocometivés, moldi ana off-road vehicles, are

sem conductor devices, and integrated circuits to

driven B eledtriddlly ﬁ&ﬁéfé@hﬁd@ﬁ@i nilstors Qhictltirn thie Whes b9 tracks of the

generate a'great deal of heat. Many other electrical

vehlclgﬁﬂ’lhleﬁeggqod;@e Jﬁgwré %P%qu? AR %\ﬁg{"hbgﬁ '?ﬁ#%'ié’étng&vﬂ)&ﬁgr supplied

circu o comP
therefore als requi e, _Sone i pat i
by theraharoy &eses shitherveielesis upially @ncﬁegﬁhlﬁ;béﬁ@@wnrﬁuat therefore be
power converter used in an electric vehicle, current
converded toehCgpewenipeariinventerai Fuctber, the tfatienal speadoéisuch traction
cool ed heat sinks, or both in 15 conbination.

motorsSigTub@dllyy comtrdiRid by hieatis of theefrequensy o8 thoC priwem The electric
requi re sone nethod of heat dissipation, nost often

powerBQénéiQﬁJ)h "HctificafioR Y i lgfsléﬂ B aﬁed(g)rﬁrfol qq?édtg%cgj ¥6ntro! system

0 severa pro evice to

cool ed .t here nust be a uat ce aro t he
(hereitgragmfigrtay ?SP&WﬁrmﬂR@rﬂf?ﬂ@ et ﬂﬁm?' i pgiconducir
the heat. In the specific instance of the 20
deVlCG@olﬂMﬂfﬁﬁgfaﬁdt%@U@Se@t cpatrel the |W'ﬁ@%‘#°’f0§|¢ﬁ}éces all of which
traction notor applications typically utilize

generdter 2 grpatidealAcf peaker Manmy oftereelestriciat applicationss vequire the use of
assenblies and six diodes nust be enployed. The

semlcc?gﬁfdtbl* ealices hd W@gia&e@fmﬁchﬂs et ertraletiei.e They therefore also
pacitor -2 WD 2004/079792 PCT/ US2004/ 006489
require some means of dissipating the heat generated.
‘K To dissipate the heat produced in a power converter used in an electric vehicle,
current art vehicles use either air-cooling systems or water cooled heat sinks, or both in
combination. Similarly, other current art electronics applications require some method
of heat dissipation, most often air-cooling. The current art methods of cooling give rise
to several problems.

For any device to be air-cooled there must be adequate space around the device
for air to flow in sufficient volume to remove the heat. ‘In the specific instance of the
power converter for the electric traction motor, since traction motor applications typically

utilize three-phase AC power, six power semiconductor switch assemblies and six diodes

must be employed. The electrical requirements of the motors require that a capacitor
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bank be present in the power converter, along with the
power sem conductors and their acconpanyi ng di odes,
weemsimsi92swi t ch driver circuitry, etc. The nurbemSef04/006489
conmponents required therefore mandates a significant
space requirenent. This space requirenent is then
further greatly exaggerated by the need for space to
accommodate flow of air 5 around the power converter
conmponents. This space requirenment problemis comon
to all air-cooled electronic devices. In direct
bank beopresgat in thenpewer aenvertal, alongowih theppewer semicanducters and their
of cooling air is the fact that all electrica
accompaniirgsdibdest sersdrssswiteh drivérosiagitry)mte.y Tihei hdhber of components
environnents. This kind of environnment reduces the

ecurfHPANLSe HO1AEES ETnt REHTeg RBLBILTINS Hg cuvmen
o rr B ool ARLBBARCHE 84 o by Bopbate o of i

situation detrinmental to the function of the .
around:the: ppWeE IcoOpuEtek CompeRasts. of hisispaseJeRuirgmMent perble is common
air-cooling, sonme current art devices utilize
to all aimteoledcslectngnicwavidesul arly i n hi gh power
applications, to provide a nore controlled 15

PR dire@NEBMtradiBlibn o WS Réed &Y b Sacesarithé YIBWWedT cooling air is the
suitable for a power converter is generally not

fact thég%giéﬁécﬁ‘fégir tﬁg?ﬂcgﬁgpnatlidsﬁ%lg%{ fn eﬁ@llldégd ”F\Bh—isv%?\giieﬁﬁde Unvitonments.

conv er-coo | ea

. . nhecessity of inclpding,a water. cooling syst in a ;
This kipg ot sevirarment LR dhe Rt lFIder contATibant buidyp Contaminant
nore space is therefore required. Mreover, due to
buildup kanduidndy inpedrithe desirediieat transfer.sbutaoay aigoycause an electrical
dielectrically isolate the power 20 converter

failure ©f tipe device. f Tieneforehaircoealirng candineotly syedtem situhtioni detrimental to
initself, results in less than satisfactory cooling

the furittiohhst thereleemiduréeviceé tches and di odes. Further

probl ens created by the use of current art cooling

BdAE8 of tHe itbbletd Bhused by air-cooling, some current art devices utilize
water-cooling, particularly in high power applications, to provide a more controlled
environment. But a water-cooled heat sink system suitable for a power converter is
generally not readily available in a vehicle. Thus, utilization of a power converter that
is water-cooled leads to the necessity of including a water cooling system in a vehicle
that would not otherwise require it. Still more space is therefore required. Moreover,
due to the conductive nature of water, it is necessary to dielectrically isolate the power
converter components from such.a water-cooling system and this, in itself, results in less

than satisfactory cooling of the semiconductor switches and diodes.

Further problems created by the use of current art cooling methods, in particular
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-3 WD 2004/ 079792 PCT/ US2004/ 006489 by the size
requi renents denmanded by the current art cooling
weysi@mTtsot or power converters, are due to thePEamiS2004/006489
that the power converter conprises a |arge unit
contained in a conpartnment dedicated only to the
power converter. This necessitates that lead wres
for control and feedback systens nust be fairly |ong,
typically anywhere from2 to 5 10 feet. Longer wres
are by necessity heavier than shorter wires, both in
by thd ¥iZ& r@ﬁunréﬁbﬁfé‘ daRfarRicRCbyi Gl cﬁﬁbhf‘%rt leaBhRY évsl@rﬁs for power

significantly increase the potential for distorted

conve!?'tg%1 %é%\gy'é'l}g Rh% et Elééﬁletﬁgg) ;;%g%%ﬁgpggﬁgﬁégﬁ gqéfg%ﬁ fit contained

vehicl es therefore re e an oil-coolin
in a compartmeny dedicated anly 30 the) POWarcanyeRtess netpeégmtes that lead

the power converter allows the heat sink to be an
wires fanicegtral apd feedifackraystems mustypeofainyhlongo typicallyramywieere from 2 to
The oil-cool ed heat sink can thus serve as an

10 feéi' ecofigsrelviresvire By hetassity hbavienttha® iorier Viires, both in terms of
el ectronic conmponents are directly nounted. The

weight N BIRZHIGEN BB, KRBT it A B in et gt il or istorted

erformance of these electronic conmponents and 15

signa 'gherefore allows for a very conpact, high performance
power converter. The sane oil-_coolin ystem used to
d-dxgh power elestric tragtion motess: Sbéab%fprﬂiﬁ%oveh'ﬁ@sp@'\ﬁeﬂsuauy oil-
converter. The space requirenments are thus

cooled andisizhalehiclee $kerefene requirerdn ailiconiing aysterd. dtilizing a dielectric
wat er- cool ed systens. Accordingly, it is an object of

fluid sbBﬁ a3’ GIF R EobINheavist dshveriey iitlews thedhdat difk %“béfhn #legral part
el ectronic conmponents are attached to an electrically

of the SRR} bY thd'pBivet 'cBliviRe? MR ofiiboled heat sink can thus serve as an
electrical power bus to which heat generating electronic components are directly
mounted. The enhanced cooling capability achie\'/ed by oil cooling the electrical bus
greatly enhances the electrical performance of these electronic compeonents and
therefore allows for a very compact, high performance power converter. The same oil-
cooling system used to cool the traction motors can be used to cool the power converter.
The space requirements are thus considerably less than current art air-cooled and water-
cooled systems.

Accordingly, it is an object of the present invention to provide a module in which
electronic components are attached to an electrically conductive heat sink in a way that
gives rise to significantly reduced space requirements.

It is a further object of the present invention to provide a module in which
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gives rise to significantly reduced space
requi renents. It is a further object of the present
wonanrdon to provide a nodul e in which -4 WOPCT/US2004/006489
2004/ 079792 PCT/ US2004/ 006489 el ectroni c conponents
are attached to an electrically conductive heat sink
in a generally planar assenbly, thereby reducing
i nductance. It is another object of the present
invention to incorporate the electrically conductive
heat sink as an active part of the conponent
electrenic componerfls bte attasted to amelsvtrically) custiduetivé héa’@élﬂﬁ@ﬂ‘ﬁb generally
invention to allow the electronic components to be

planaﬁ%%’t‘%’g&@ﬁw rgg{}giﬁg ihdudeas @I ectrically conductive

requi renents o ‘the electrically

nduct i and th f .t he resent .
-ﬁv@nﬁns%earegﬁsg? (B heredeity Blbh  f, inciippfae He electrically
onprise a plurality of pathways unifornly distributed
condus.:twe heat ginkuas ap aglivedadt pbtbeueempenent sir¢uitiyt i on and
passage of the cooling fluid. 2. At |east one surface

dt ist $titl aresthesobjechofthe beesend inventiondotdiiowthelelectrshic components
el ectrically conductive netal that is suitable for

to be ﬁ%tél'ldrgfdb' ng%onG@BGlbrtEetéPeétHSalﬁ) 86hddtive h&RBaaaent s.
O her €le

nts of the heat si can be const ruct ed

TR ooty & tBibie@fiba D EaRiBATRLA A ang. they gblects of the

3. The{i)(m'rrust be a sufficient surface area-to-vol une
presentdnyentioR @7 asJPlIOWE i nternal  pat hways to provide for

the required convective transfer of heat fromthe heat

sl.iket beaheinknh sutst ecarhprigge & Ipluralitys of pathwayal uniformly distributed

conponents of the heat sink nust be netallurgically
throughonted atealtdw uniform distribution and passage of the cooling fluid.

2. At least one surface of the heat. sink must be made from a thermally and
electrically conductive metal that is suitable for metallurgical bonding to the electronic
components. Other elements of the heat sink can be constructed from metals offering
optimum properties for fabricating an electrically conductive heat sink. -

3. There must be a sufficient surface-area=to-volume relationship for the internal
pathways to provide for the required convective transfer of heat from the heat sink to the
heat exchange fluid.

4. All metallic components of the heat sink must be metallurgically bonded to each
other to minimize resistance to conduction of heat and electricity throughout.

5. The bonding surface of the electrically conductive heat sink must be prepared

to allow for metallurgical attachment of the electronic components.
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other to m nimze resistance to conduction of heat and
electricity throughout. 20 5. The bondi ng surface of
woheo4@remeri cal |y conductive heat sink nust bePpTaS2008/d06489

to allow for netal lurgical attachnent of the

el ectroni ¢ conponents. -5 WD 2004/ 079792

PCT/ US2004/ 006489 SUMMARY OF THE | NVENTI ON The

present invention is a nodul e conprising an

electrically conductive heat sink that has

] nts attached to the surface

SUM@E‘E’&@F*F’%M@M@ uctor conponents being directly

and netallurgically attached via soldering to one

slihe peesett inventiones ecmedule ¢ompasingan electrisally sonductive heat sink

and the nethod of manufacturing the heat sink with

that has semicdrdlctbrecdmpohenisatiachedits th&sarfasetheroff tharsemiconductor
el ectronic device that can be constructed with the

comp%ﬁ%%ﬁ@%‘%{i%&g?ﬁé@ ﬁw??all@ﬁ §§IW attBeRad 'vfé“sbﬁieﬁﬂgttgrqne surface of

or a ["ectric traction

the el%{;}?ig{aﬁg@%@#@gﬁeﬁgﬂ%gﬁd\f@e g@%ﬁgﬁ é:gtm@qfﬁcttw;pcthe heat sink with

al so serves as an el ectrjcal bus, and siXx such nodul e
associajed leclEnciGompRNeiS NG exeMiHe of- G alactionie dewice “that can be
In the preferred enbodi nent of the heat sink of the

constmuctbwithi theenodvle, acconding dovtherpreseritdmeentipn is dn ot-edoled inverter
with inlet and outlet ports to allow a cooling fluid

for ant @le&!ri@Wré&trdwmtort h8ixNGBT saitcRES anduwghe diodes! ér%ﬁnetallurglcally
a plurality of netal balls netallurgically bonded

attacl'{)e conﬁﬂtfs\%( WH@Q ?IPQLSS%E ?? &gﬁéf’%ﬂ %Yl'ddﬁx 5@&h modules
are ugEh e, A%eriol e iinie el fsl e e al thFPQ

serve as conductive paths to transfer heat and to
dinsthieppriederred eneediment of the heabsinkgof the Brasest mwe@m@n a hollow
t hrough the open spaces around the balls.

metal housing is fitted with inlet and outlet ports to allow a cooling fluid to flow through

the housing. The housing is filled with a plurality of metal balls metallurgically bonded
together at the points of contact so as to provide for both conductive heat transfer from
one ball to another and a plurality of fluid flow paths through the interstices between the
balls. The metal balls serve as conductive paths to transfer heat and to dissipate the
heat into the cooling fluid that flows through the open spaces around the balls.
Alternative methods of forming the porous metallic conductive interior element of the
heat sink include replacing the metal balls with a machined block of a conductive metal
such as copper, brass, bronze, silver, or aluminum, or with metal wool, or with metal felt,
or with open cell metal foam, or the like.

Because it is intended to mount electronic components directly onto the heat sink,
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Al ternative nmethods of form ng the porous netallic
conductive interior elenent of the heat sink include
woepl4aadnyg the nmetal balls with a nachi ned bl oe&TAK2@4/006489

conductive nmetal 20 such as copper, brass, bronze,
silver, or alum num or with nmetal wool, or with netal
felt, or with open cell netal foam or the |ike.
Because it is intended to nount el ectronic conmponents
directly onto the heat sink, -6 WD 2004/079792
PCT/ US2004/ 006489 at | east one surface of the heat

at leastnane wsuisfaceuof they heat fsinlg, theusmountingesiefdoeyrmast be made from a
thernally and electrically conductive netal that has a

themﬁanm hﬁd dlegtithhy etndettivd eharl th@%nagsa Odindij@r t gfd?ént of thermal -
thé electronic conponents In the preferred enbo

cxpafb PR B 98 S BRIBEh Bl zaﬁ%d@%%ﬁfgd
o GF5Ae 4 S Yo S B BEERIHEL bt KAy s B et can be

surface of the heat sink from nolybdenum alloms t he
used drevidedntheircergfiient of thermealnexpansicris wdthiy the range of 4.5 to 10
surface. Since nolybdenum silicon, siliicon carbide,

ppm/4Qct 8°Ci utherefere, dferming: onensurfacecokttia beatisinkofrom molybdenum
t hermal expansion, the expansion and contraction of

allow$ el %ﬁa‘ctr%n‘iﬂ‘ dg%%ﬁéiﬂs St E@C Fotiritéd Wré&lys 'tc?;”. 1thaf sufface. Slnce

tht of the substrate of the sem conducto

molygitimeSird SR Parité. il i ae%é’{ﬁ?aaagvssé‘ﬁéﬁr gpeficients of

annunt during heating and cool [ng, the problens
thermad exRANSION othegtXRansiarhapd copiractian abie: hea sng}wm@gng surface Wl"
of the chip substrate cracking and breaking due to
be simhar teethat bEthengubsieate wfiéhe semiromnsiuctarecitips. afinasdedth élements, the
elimnated. 15 In order to be susceptible to receiving
heat sink assedingaupfzicerdril theships sabdteate eyt and contract a similar amount
during heating and cooling, the problems of delamination of the chip from the mounting
surface or of the chip substrate cracking and breaking due to thermal flexing when the
component heats and cools is eliminated.

In order to be susceptible to receiving soldered components, as is a key element
of the present invention, the molybdenum mounting surface of the heat sink must be
nickel-plated. Nickel plating of both sides of the mounting surface not only allows silicon
chips to be soldered with lead containing or lead-free solders to the external side of the
mounting surface, but also provides an improved bonding surface for the brazing process
used to attach the porous metallic heat transfer media to the internal side of the

mounting surface and to complete the assembly of the heat sink. Electrodeposited

nicke! plating is sufficient for the external surface on to which the electronic components
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of the present invention, the nolybdenum nounti ng

surface of the heat sink nmust be nickel-plated.
wolizedaropk ati ng of both sides of the nounting BATUAZ@®4/006489

not only allows silicon chips to be soldered with

| ead containing or |lead-free solders to the externa

side of the nounting surface, but also provides an

i mproved bondi ng surface for the brazing process 20

used to attach the porous netallic heat transfer nedia

are td Qe %@ggﬂ{q‘irerl‘-f’clwe?} ' ﬂ??é ?Egn@ﬁﬁ&'ﬂ“ﬁ&h%“fn%ﬁ?or@”tﬂa& An electroless

conp asse
ectr sited nigc plating . is sufficient faor the
process i PRAMAL a%erbhnicgebw e Bredorsinoss Qhpdiaatink housing
-7 WD 2004/ 079792 PCT/ US2004/ 006489 are to be

prior tohstenaaly ofitveheat sink andscanesirent attaciypentef thevsoroas snetallic heat
that an electroless process is optimal to properly

transf‘é‘r‘?ﬁ@dﬂaﬁbﬁhé ihnané@facds st/fHeaRest Qﬁktﬁiﬁlsh@byﬁ’drﬁkmg When an
housing prior to assenbly of the heat sink and

electr‘éfﬂ%‘éﬁr%@és %tﬁéae{?f%‘?ﬁée I‘i’rﬁ}t L@ﬁg ‘Jﬁ@s‘@eﬂ 4{; {ﬁﬂﬁ%\ [matter to extend

A T

sinple matter to extend the process to the exterior
ofheleieaticallyioendugtivebeatsiniean be arsembias fromaeparate components
conductive heat sink can be assenbled from separate

selecteafppdesityns, maalfatedng and gesfognanceprefacinges n$ueghdomponents can
performance preferences. Such conmponents can i nclude

iru;1u<:{§=,hf=‘r1«acSI ntt&L oeﬂ'netrhﬁa{)@baﬁéi%ﬁ%bgﬁtt ‘éﬁ?ﬂa@?lfg:#*é Rk Bhousing body

ousi n 10 nade from a di

maden@w%%@@%ﬂ%@ﬁ#ﬁ%@%@%@bﬂﬁs gsééﬁésc%’pﬁe? Tnfolds and

range. GhARERES PORS Al eﬁﬂﬁfﬁ%ﬁéﬁ ed W5 &g of such separate

metallic internal el errent to be assenbled inside the

compehentsr readilyy enahtesc the epreéerredsi pivous upetaliairiateral eigrent to be
assen(;glr;rc]!?r:;iljg?ﬁe electrically conductive heat sink housing and manifold connections
for heat transfer fluid ingress and egress to be made. After the porous metallic internal
element has been placed in the interior of the heat sink housing and the remaining
components of the heat sink assembled, all components of the heat sink are joined by
brazing. The joints between the components of the housing have minimal mechanical
performance requirements, but do have to seal the unit with a sufficiently strong bond
so that pressurized fluid can flow through the heat sink without leaks.

For the preferred embodiment of the present invention, the porous metal heat

transfer element is constructed by packing relatively small, uniformly sized balls together

in the heatsink housing. It has been found by the inventors that balls having a diameter
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for heat transfer fluid ingress and egress to be nade.

After the porous netallic internal 15 el enent has been
wohem@diion the interior of the heat sink housi RQTAIS2004/006489

the remmining conponents of the heat sink assenbl ed,

all conponents of the heat sink are joined by

brazing. The joints between the conponents of the

housi ng have m ni mal mechani cal performance

requi rements, but do have to seal the unit with a

suf 'en I trong bon 0 hat ess rized fluid

betweaty 0 08,604 1048 deh fee ABAMEL nenpafio st baondex tagether and the
t he preferred enbodrnent of the present i nvention, the

bond pentact araa mushbasufficientlyflargestomtiow farcondustioniof keatand electricity
packing relatively small, uniformy sized balls

from mawﬁr bal. The mérllhedal ﬁdﬂ@irﬁ%ﬂéﬂw&bn fre A% :Q%%ﬂré%ﬁy plating the

y the inventors that avi ng a di aneter

balls %ﬁ’rﬂ“é&? GiéRe vgmyﬁ%gﬁt%ﬁé %?r)ungr‘f&@ﬁoe 39 Otggg dﬁggrgt 3 lt}razrng cycle, a

areot mal

S“ﬁC‘?Bgé{PM@ RO B, Brdu g HRw BB o5 bbY oS hetween the
ball to ball, The netalluyrgical bondi ng between the

balls. thlﬁspr@eaghrneme@ytrrﬁ &z Pft the geadugtivg theat transfer paths and
sufficient volunme of a brazing conpound so that during
minimizes Heirmal and|ledecteical esistangeent vol une of liquid is
produced to allow wetting at contact points between:

tihethebFréférre'd-rhérﬁbBHiﬁ?éiﬂS ch?éﬁ‘Bﬁﬁ-@ drOQuseidZ8s Qﬁew’tﬁ'ouF metal heat

conducti ve heat transfer path m ni m zes t

O e RN R T e pep—_—

the nefeizsany HURTLY 10 2HAWIEE A0 BGHe. WiBCARSY Ryalabl tschnology, of

necessary ductility to allow the nmanufacture, wth
balls @fuﬂweeamai/l sizerequired. t dtoweNerggoppér bidyssacs suheeptitﬂelto hydrogen

size required. However, copper alloys are susceptible
embrittienfert] @@ethe composition of the balls must be controlled to allow for the
necessary thermal processing required during brazing. An OFHC (Oxygen Free High
Conductivity) copper alloy is selected. The copper balls are plated with silver and
copper-silver eutectic brazing compound is formed on the surface of the balls during
thermal processing.

The module of the present invention is constructed so as to form a planar bus
device. The generally planar structure of the heat sink assembly and its companion
electrical components significantly reduces the inductance of the device. This allows the
semiconductor components to function more efficiently.

The module of the present invention can be used with many electronic

components without affecting the electrical operation of the component. In any
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enbrittlement, so the conposition of the balls nust be
controlled to allow for the necessary thernal
wonroe@ssiong required during brazing. An OFHC ( EXKYMS2004/006489
Free High Conductivity) copper alloy is selected. The
copper balls are plated with silver and 15
copper-silver eutectic brazing conpound is forned on
the surface of the balls during thernal processing.
The nodul e of the present invention is constructed so
.as to, forma a bus device. The generally planar
semicind Bt ReTtioh &1 fhe Pareroassia Shpoghdne: e jsstissipated as heat,
el ectrical components significantly reduces the
This hermes signifitant isé cugrentsegrentersthanl dsamips areDresults in rapid heating
sem conduct or conmponents to function nore efficiently.

of thel$emiveidiuetarf THis heatarist beﬂ‘éﬁfdve@ftocrﬂalri?@inltﬁé%ﬁ‘d:ﬂdh temperature
many el ectronic conponents w t hout affectlng

of N ES10%0 5 OB b SORREIIT AL S gs&p%mre ere s
i o S DS hiogE s BB beveen

hapn 100 anps and results in_rapid heatin of the
the m@éHiezehm?c@r&sentrmvgnh%tanﬁlmor@t cempeagntsdisithahtha semiconductor
the junction tenperature of the sem conductor at or
chip i etetallargicallyegitachied tb ¢heheahbimkethatitse heabeinktis edectrically hot, and
there is 5 rapid degradation and failure of the

- that 1€ FeRiHCARCrbly s UgRE dparlidrithe URCAItAPbIER elliBnic device. In

modul e of the present i nvention and pri

curofEARBPFAIS e Db BRI e B il muisting bt

h Si nk S ectric ho and hat the heat  si

thermafif cpBbicis a%é% O icafiha Matnitens “WrectlyBrgn 8 qsied hieat sink. In all
el ectronic device. In current art pr actice

casess ihg cBganst of neeliingc Aaspareateneiectricalaresistivityr rodl lower thermal
i nsul ati ng but

conductivity than with the present invention. Metal filled adhesives, greases, and gels

are used as interface materials when both electrical and thermal conductivity is sought.
Silver filled epoxies used for this purpose typically have an electrical resistivity greater
than 150 micro-ohm.cm at 23°C and a thermal conductivity of less than 10 W/imK at
23°C. The low thermal conductivity of current art interface materials implies that the rate
of heat transfer from the chip is less than with the present invention and hence that the
current flowing through the semiconductor must be maintained less in order to maintain
a lower level of internal heat dissipation and, hence, an acceptable junction temperature.
In those instances where the chips are bonded directly to a heat sink, and particularly
at currents greater than 100 amps, I°R heating will heat the interface. The more resistive

current art interface materials will result in greater interface heating than with the present
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10 thermal ly conductive plate or can be nounted

directly to an air cooled heat sink. In all cases the
woren®7eM2 nount i ng has greater el ectrical resi BCTAISEOP4/006489

and |l ower thermal conductivity than with the present

invention. Metal filled adhesives, greases, and gels

are used as interface materials when both electrica

and thermal conductivity is sought. Silver filled

epoxi es used for this purpose typically have an

: CL Ll C. reskstivi reater 15 than 150
mverr&}!o?r %ﬁ%hﬁbérﬁe@{'{fé@ﬁ'ﬁﬁ“@ePﬁéﬁ‘ a@BW@Bé puirent. of | ess
tgsn %S WmK at 23C. The |low thermal conductivity of
c PP Rf the ehighedyaniagesnef the presentjnvieation iathattiegreatly reduces the
of heat transfer fromthe chip is Iless than with the
spacgreguined fontbe elentromizicdraponehtsatb fuhetiorceffickimitly! ITHE Rékat sink of the
t hrough the sem conductor nust be nmaintained ess In

preseitdavehtiorBEESrAbshed ﬂh‘é"‘@émb%’rﬁbu@{)?f RE&H f??b%ﬂ%?aats prior art devices

di ssi pation and, hence, an accept e Jjunc

: ; i NSt ance ere rhe chips. are
navic SIS, 79 418 ORI Bk BERrhOR sPRlRS ifeer modue
currents .eaie t han 100 anps, 12R heati n8 w || heat
CQnStl”ﬁ%teErﬂC@P&gE% 0 [e8Rat Ip¥entien (rauitesgnin 0% ef the amount of space

interface materials will result in greater interface
requirashby e invarteninod ulenef gureandrart devices\OTBE MBIGMAFIRe inverter module
PCT/ US2004/ 006489 i nvention and, thus again, result in

of thel preseat inventiomisadlso yrdathy iduced! beiRg D 20 ko ebs the current art
advant ages of the present inventionis that 1t greatly

This t€i4h88uS hEduaRACR SRR 108 BB IR Chench of making the

conponents to function efflcFen
t invention acconplishes the same amount of .

comehBEnt B S8E7 bG5S B A5FS PbERERs BT TRal b stelc an entre

| arger sjze_and wei ght requirenments. A traction engine
comppﬂgg’; md”fﬁ)iﬁflrépakfdﬁﬁ ructed according to the present

invention requires only 10% of the anount of space

r Apathes @dyantage ofrthe presentdnvertiont iscthat that reailted size and compact

devi ces. The wei ght of the inverter nodul e
assembly of the semiconductor components allows them to be mounted closer to the
devices they control or support. This significantly reduces the length of the lead wires
required for feedback and control systems.

A still further advantage of the present invention when embodied as an inverter
is that it utilizes the same coolant supply system as does the electric motor of the
vehicle, thereby eliminating the necessity of a water cooling system.

A still further advantage of the present invention is that it provides a molybdenum
surface to which electronic components can be soldered. The chips of the component

circuitry are mounted directly on the surface of the heat sink, thereby eliminating

components and space requirements. One surface of the heat sink is electrically hot,
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of the present invention is also greatly reduced,
being only 20% of that of the current art. This
wonremigoas reduction in size and wei ght | eadsPCo/USk®4/006489

added benefit of making the 10 conmponent far | ess
expensive and nore practical to "spare", that is, to
stock an entire conponent nodule for repair use.
Anot her advantage of the present invention is that the
reduced size and conpact assenbly of the
sem conduct or conponents_allows themto be nounted

and saryee@stRart é theieewy. tTheydisecttattachmentsiguifitantljvieduces thermal
significantly reduces the length of the lead wires 15

and eleciicakbredistante bahaetn tnsl seanéarmluckdisédtiBonéntstdrd the heat sink.
further advantage of the present invention when

e di ' t R thal 4 FEEA sgue
conanfolRs fidrtage oF the Brecet pifion i€ gt dffe 3feRar structure
. th hicle, ,thereby elimnating the necessity of a
aCh'e&gﬁefpyﬁb%mWé‘"%ﬁqté“rﬁé IRAUCEANCEF ur t her advant age of t he
present invention is that it provides a nolybdenum 20
S

dheseand oisrcebjeciscand sdyan nefnthe prasebt invention will become

sol dered. The chips of the conponent circuitry are
apparenyito thbsé skiied in the arbin dew oftheafeschiptitreof the kst presently known
thereby elimnating conponents and space

mode efrryeng BLStheMneerftivif 2 GeSdribdiEnd1@H avd BX il i i
fSTBHTANG O inelivemivrl f¢ dogiritie 0759}%;% B illutrated in the drawings.

PCT/ US2004/ 006489 and serves as part of the circuitry.
The direct attachnent significantly reduces thernal

| cal i, St en the sem conduct or
BR!EEEﬂ%ShEﬁ(Di@ﬂoOFﬁ@*éﬁ'&@ﬂﬁg Still another advantage
of the present invention is that the planar structure
atig. évis top sidecperspestiver dawoefsan invecteameduls askheswled with IGBT
and ot her objects and advantages of the present
modulesvand iconstrutiedesonting to the present invention.
Fig. 2 a bottom side perspective view of the inverter shown in Fig. 1.
Fig. 3 is a top side perspective view of the inverter shown in Fig. 1 with a cover
plate ready for assembly.
Fig. 4 is an exploded perspective view of the inverter shown in Fig. 1.
Fig. 5 is a perspective view of a heat sink element of the present invention.
Fig. 6 is a perspective view of an alternate embodiment of the heat sink housing.
Fig. 7 is a perspective view of an alternate embodiment of the heat sink housing
with the top surface removed to show the interior construction.
Fig. 8 is a sectional view taken along line 8-8 in Fig. 5.

Fig. 9 is a sectional view of the heat sink with a first alternate embodiment of the

internal element.
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apparent to those skilled in the art in view of the

description of the best presently known node of
woanwyrymy2out the invention as described herei RCUS2@3/006489

illustrated in the draw ngs. BRI EF DESCRI PTI ON COF THE

DRAWNGS Fig. 1 is a top side perspective view of an

i nverter nodule assenbled with IGBT 10 nodul es and

constructed according to the present invention. Fig. 2

a bottom side perspective view of the inverter shown

in Fig. 1. Fig. 3 is a top side perspective view of

t Heigi A0ds taesectiomah view Bf the heat sinkawitp wesecopldaditerhatd ¥mbodiment
for assenbly. Fig. 4 is an expl oded perspective view

of thefhddtgidverter shown in Fig. 1. 15 Fig. 5is a
perspective view of a heat sink elenent of the present

a8 AT 2ctasBinalin foR RBHCSHER BeKkS e s Apsentigvenion
IS a perspective view of an alternate enbodi nent of

t he heat sink housing wth the top surface renoved to
show the interior construction. Fig. 8 is a sectional

DETAILED QESCGRIPTIQN IOMIHE NVENTIQN 5. 20 Fig. 9 is a

sectional view of the heat sink with a first alternate

erfidprasent vehtien id atcenselicttlresBatmodule thE2 comprises an electrically
2004/ 079792 PCT/ US2004/ 006489 Fig. 10 is a sectional

condfl Moat Wk 5t Mot s 7 600€. Qe ean geptical it of
semi%ﬁ,qﬁ%ﬁﬁ%@%&% %%?%%%ng\ka%ﬁw %&gg,ﬁeé t'fhe l%gé}'sink. The heat
sink serves as an electrical bus. While the direct attachment of semiconductor
components to, and the active function of, the module is of great benefit in a number of
applications, particularly those that generate and / or trénsfer power, one specific
example of an electronic device that can be constructed utilizing the module of the
present invention is an oil-cooled inverter for an electric traction motor. Six IGBT
switches and twelve diodes are metallurgically attached via soldering to each heat sink,
which also serves as an electrical bus, and six such modules are used in the assembly
of the 3-phase inverter.

Referring first to Figs. 1-4, one embodiment of the present invention is as a
module comprising semiconductors attached to a cooled electrical bus assembled into
an inverter 10 for an electric traction motor. The inverter 10 uses oil as a heat transfer
fluid. The inverter 10 is installed in line with the oil-cooling system of the motor of the

vehicle, so that no additional cooling system is required. Because of its compact design,

the inverter 10 can be mounted directly to the motor of the vehicle.
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5 The present invention is a construction of a nodul e
that conprises an electrically conductive heat sink
wohedd/0femet i ons as an active el enent of an el eBCTiUS2104/006489
circuit of sem conductor conponents that are
nmetallurgically attached to the heat sink. The heat
sink serves as an electrical bus. Wile the direct
attachnment of sem conductor conponents to, and the
active function of, the nodule is of great benefit in

a r of l.Licatio articularly those that
gelﬂgéﬁgﬁﬁ S&ﬁajfﬁaﬁﬂ%@tm\sﬁriﬁrrﬁ%ﬁewge%a@ %kﬁyfaamwsing 12 that encloses

exanpl e of an el ectroni c_device that can be
the copanants ofi the inverterd O: hEhersutent olutputegensrateehby the inverter 10 is
invention is an oil-cooled inverter for an electric

accessext at onultipleosutpst Xern&Rdls WM&P@%@@Werh@in&%@EP%ody, and are

are metallurgically attached via soldering to

connb&RY & e odfﬁkhtcbqa%ké& %ré!fe@ef‘ﬁw\feﬁe‘?' 5! ﬁj;ll‘f‘%'cu?%%gfoutput by the

and si x such nodul es are use € asSe

; = I fve Ref er.ri first to Figs. 1-4, .
inverten S0 135 s PSP OB s GeBth, e, it rastfarcwBiels of the vehicle.
ul.e npri si_ng sem conductors attached to a cool ed
gﬁg@thqag EhEY f&i‘%éﬁ?@i'@ﬂi ojl firosn thenmiotereafitbe vebicleenters the inverter
electric traction notor. The inverter 10 uses oil as a

10 threugh a cankinginlef parit,dandraxits vieea teolah®outiet pisit.alThe il flows through
line with the oil-cooling systemof the notor of the

the heat eirlksc1, waizht baéh havadsh WGBW&WE&?'&SQS%‘I?%@%@ on a top

requi red. Because of its conpact design, nver

sutadd feech ERSHIEANE sk TRl ST ang 12 sac

: e at. the inverter 10 conprijses an external .

diodeRoTRE TRBTo5 i Sutetvia 0B meraliEgRabiatadios e heat sink 16 is the
i’nv rter 10. The current output generated by the

moduje, ok the pragent Jnveniioss s Ehewa arrisix peh KaBFuawitalr asserhbly 18 / heat

. Which protrude fromthe inverter body, and are

sink 16 modules that are utilized in the inverter 10. The six IGBT modules are

necessary to enable the inverter 10 to provide 3-phase AC current as its output. A

capacitor bank 20 is included in the inverter to provide a storage mechanism that

provides a pulsing means for the inverter 10. The capacitor bank 20 compriseé a

plurality of capacitors fixed side by side.

The IGBT switch assembly 18 / heat sink 16 modules and the capacitor bank 20
are mounted on a laminated bus device 22. The bus device 22 comprises a planar
central body 221 secured between two end plates 222. The six IGBT switch assembly
18 / heat sink 16 modules are mounted on an upper surface of the central body 221 of

the bus device 22. The capacitor bank 20 is mounted on a lower surface of the central

body 221 of the bus 22.
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connected to the output brackets 14 of the inverter
10. The current output by the 5 inverter 10 serves as
wOheo4mpasme source to drive the traction wheel sPOT/USE®4/006489
vehi cle. The heat transfer fluid, cooling oil fromthe
notor of the vehicle, enters the inverter 10 through
a coolant inlet port, and exits via a cool ant outl et
port. The oil flows through the heat sinks 16, which
each have an 1 BT switch assenbly 18 nounted on a top
surface fhereaqf. ch 1 GBT switch assenbly conprises
510" 8Bntraf bRdy 22T Rervescas Pomaunios. meRt fethevplutalty of output
assenbly 18 netallur%ically attached to the heat sink
brackeds i14. t ontpitibsackels Ad aiesioply heawan elentricdllyscandarctive elements
six such 1GBT switch assenbly 18 / heat sink 16

that serdeltoconvay teeuntant bredlided from theviaveRer 30-to THE ctitdut terminals.
| GBBT nodul es are necessary to enable the inverter 10

Lead! QirB5CHtbAF tie Epagcgfo.nAﬁh‘éH{sLggghﬁvﬁ@e?%{/eg%%p Aéfgxed to the output

capaci tor ban I's inc

tenMﬁé%yide a storage nechani smthat 15 provides a pul sing

hs for the inverter 10. The capacitor bank 20

conpr.i ses a lural ity of capacitors fixed side by
siQetherderepdrface ot iekuerBl @ contactrhasiexengdingaipward from a first
nodul es and the capacitor bank 20 are nounted on a

side phthengestrabbedyl@2i1ceornprisethantuppeteportionX a pusitiveeus 223. The
pl anar central body 221 secured between two end

positivk des22P diso ldeend X dowWardvrbANtHRseatrd b oty 31 fo ?r%t%?]dee a contact

sink 16 nodul es are nounted on an upper sufface o
area R TH6 SnHeil A 26 MG PO octtap e BRA  upwara o
e BB AR B BRI R e B DA B i 224 oratty of o
contag?%gtrsi; innganc?eanrt]esr [fac?rrt:iotnho?c tﬁleucre?\ltriatl %03; 2?’2%t gclajrtnprise an output connecter
bus 225.

The raised portions of bus strips 223, 224, 225 form a pair of longitudinal
mounting channels. Each of the mounting channels is used to securely mount three
IGBT switch assembly 18 / heat sink 16 modules, so that the six IGBT switch assembly
18 / heat sink 16 modules are aligned in two rows. The positive bus 223 and the output
connecter bus 225 form a first channel 226 that contains a first row of three IGBT switch
assembly 18 / heat sink 16 modules. The negative bus 224 and the output connecter
bus 225 form a second channel 227 that contains a second row with the three remaining
IGBT switch assembly 18 / heat sink 16 modules. The first row of the IGBT switch

assemblies activates the positive segment, in 120° intervals, of the AC current

generated. The second row of IGBT switch assemblies activates the negative segment,
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brackets 14. The out put brackets 14 are sinply heavy,
el ectrically conductive elenents that serve to convey
woheo4masment produced fromthe inverter 10 to PO®US2004/006489

output termnals. Lead wires fromthe traction wheels

of the vehicle are then affixed to the output 5
termnals. On the upper surface of the bus 22, a

contact bar extending upward froma first side of the
central body 221 conprises an upper portion of a

siso BT OHR B e AC SRR ALl e e B RS e o e

.cont act re rt, capaci tor. bank 20. A plurality
deV'Q?fﬂ éﬁ%‘ﬁa%&%f@é%ts"ﬂgﬁsawde hgatsink 16 sadides aad the capacitor
front side of the central body 221 conprise a negative
banki2@stwba assepibledibs genefallydfiateflanao eleméntsarEhis Roastruction reduces
center portion of the central body 221 conprise an

the i 10T i i ‘
o UEc R USSP 0Ty 40T ST b assambes

' wiEACH e nt i annel s | .

18 ol 3i8ele) Pk R TRBRLY” iR PrRflet "o assT BeF0RR3568 aidng inverter 1o.
18/ si.nk 16 ules, so that the six | GBT switch
adheHTS SN sseBliRR ThsaroaliNed taee SHITgRe T the haat sink 16 by
rows. The positive bus 223 and the output connecter

a propesgs psimgi» metallicimaterishthah seltz2e fidvaacmsstarichwebatjaining surfaces

row of three 1GBT switch assenbly 18 / heat sink 16

of thensdmhiesndddtorsnefdihe VEBTUSWRSH aB3enille 1@ bAUItheohe®Csink 16. One
bus 225 form a second channel 227 that contains a

eSS X e AR e g Rl LRedfl! DG Shgchment of e
chipsét@&ﬁéﬁfe}t?%lﬁ%@qifﬂ:?\ﬁﬁ%{a@&g%é" ﬁ{q'qﬁ\%k%séé fglﬂﬁeﬁggt'ritcélvsesistance of the

ond row of | GBT switch assenblies

‘ d. T
interf %‘ﬁbg%egy W%ﬁiﬁzgtgpilq\@rgeégw&tﬁm to_hgndle more current (as compared to -

current art' devices) without overheating the switches. Development of the present
invention has shown that the interface thus formed has a volume electrical resistivity less
than 50 micro-ohm-cm and thermal conductivity greater than 10 W/m+“K at 23°C.

In terms of electrical operation, an electronic. component constructed according
to the present invention is in most ways electrically equivalent to prior art components.
One key exception is that the upper surface formed by the bank of heat sinks is
electrically hot, and is used as part of the circuitry. This allows the elimination of the
insulating plate on which the component circuitry is normally mounted, as the chips of
the circuitry of the present invention are mounted directly on the upper surface of the
heat sinks.

The inverter described herein as an example embodiment of the present invention
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WD 2004/ 079792 PCT/ US2004/ 006489 al so in 120
intervals, of the AC current. It should be noted that
woOherdsgryeet ure of the bus device 22 all ows t heCcT/@8I004/006489

switch assenbly 18 / heat sink 16 nodul es and the

capacitor bank 20 to be assenbled as generally flat,

pl anar el enents. This construction reduces the

i nduct ance present in the inverter 10, thereby

allowing the I GBT switch assenblies 5 18 to operate

more rapidly, which inproves the overall performance
uses@s itsdnpuhvap0@volfdDC ptentiaiRieraratedhby tise pbiviee Solifcelbe the vehicle

affixed to the surface of the heat sink 16 by a

in whiclodteissinggilleg. aThetoutputcoMiieeinvattet tsaeogﬂdrﬁﬁ A® ddrfiht. The IGBT

across and wet adjoining surfaces )

f 18 t .
Switch SRR, 88 18 model Siecil OF BrCHRoaltd, BF the Heat sinks 16.
Each?tﬁsthfg% sﬁ(lsi 16 ?%é%kg'géllg Tgr% %Eh%%%ﬁafat??tc,&gggég%ner circuitry.

the thermal and electrical resistance of the
In th¢ Rieferredeembpdinedit, theibppag suiface 0f dhe deat gintkeis formed from nickel
handl e nore current (as conpared to current art

plated evdlyledenuwini Wwhich hasea biaitaregefiloterstwi tisdrasal e%éﬁéi%ﬁ@snémcon This
of the present invention has shown that the interface

mearnishthat ftRe rgibdnasuBstitb Usrethel éﬁif}m:cﬁ?@ﬁ rl‘i%ﬂl f};&é;r&e@@ expand and

than 50 m cro-ohmcm and t her

contra& sihafdrhsuas’h& h M@lﬁ%ﬁg %g &ﬁéﬁ:\(%{eé'}eats and cools. The

operation, an electronic
accordln res ipvention is in nbst wa
fema'@mﬁvﬁeg@% P st ol SRK Maysiia 91 & rieplnnmed framecopper.
% exception is that the upper surface forned by the

reingheew chiefista Figs| 20t the diday sinks, 1@ridcluseus quhir of coolant
as part of the circuitry. This allows the elimnation

througtiwaye 16Rris theit lmenqn‘satﬁ'ue)mrwgﬁ\hay@QGQ%VIRBI{:de an open section
circuitry is normally nmounted, as the chips of

on arEABK e SRR RS B h 3685 IRIA T open sectr
allows a heat transfer fluid flowing into a first throughway 162 to spill over into the
interior of the housing 161, and engulf the heat transfer medium therein. The heat
transfer fluid fills the interior of the heat sink 16, and flows into the open section of a
second throughway 162, and then out of the heat sink 16.

Fig. 5 illustrates a preferred embodiment for the heat sink housing 161. The
housing comprises a central main body with an open interior 163. After a heat transfer
medium 24 is placed in the open interior 163 of the central body of the housing 161, the
housing 161 is sealed by a pair of end manifolds 164. The end manifolds 164 are

secured by using sheets of brazing material to minimize any added electrical resistance.

Figs. 6 and 7 illustrate an alternate embodiment of the heat sink housing 161"
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The inverter described herein as an exanpl e enbodi nent
of the present invention -16 WO 2004/079792
wWOCTI4#0$2004/ 006489 uses as its input a 600 vol PCDDS2004/006489

potential generated by the power source of the vehicle

in which it is installed. The output of the inverter

is 600 anp AC current. The I1GBT switch assenblies 18

are mounted directly on an upper surface of the heat

sinks 16. Each of the heat sinks 16 is electrically

s \ES rt of e inverter circuitry. 5
in the Housh 187, 158 (AR iNay3162 e TeEAied st e Usper Rurface 165 is
heat sink i's forned from nickel Plated mol ybdenum
sepaigie frorp dke mainhadyr ofctber housingt16df ta hlowdhsertiparcfithe heat transfer
as silicaon. This neans that the silicon substrate of

mediyme24 hitjs eabisidred thaetheeuppér suiface 186 Wil B¥RABINAENRting surface for
contract a simlar anmobunt as the heat sink housing as

the séifcdniveidredorpaientd Hhd R4l q:ergﬂﬁ'? H@fﬂ?ﬁ@@?gﬁﬁﬁﬁb%ﬁ%um. After

of the heat sink housing 161 are typlca

N . i ef | Fi.gs.. 5-7 h
the hESPPEEsTof GBI 2 MBS L ke bRy o i, W povsing 161 i
% 2 ip their interiors. The throughways 162 each ) )
seale SRM attaching SRR NPREE EHBACE JRSargafibbY Usingesheetsef brazing material.

thereof formed by a lower inner wall 1621. The open
sébeiheat transfendluid aeters theinveeter fl0dramithe wbokant 8UppE port through
first throughway 162 to spill over into the interior

an uppkr shpplyosige ﬁ@leﬂ?ért (ﬂﬂ@ugﬁ%woﬁé}ﬁn@e@ﬁ thé ﬁ?léf F@kt 18, of the first in

medi um t her ei n. he heat 15 fransfe luid

ine IGBTESUAEN BsdeiPoIofH /U ik 76 abbOR b kBch oS R Mo rows of

ctron of @ setond throu
e heat sink 16. Fjg..,5.illustrates referred o
asserpifs hhASePBRd SHBPhEsiHSdnisk back AiiagoRay omaming) of the firstin ine
housi ng conprises a central nmain body with an open
heat sinjiscaregrapped. The troughways 16208 the firstrirdinerheatt sisks are connected
placed in the open interior 163 of the central body of
to thettheoughweaysg! @B af thehsecond in line heat sinks, which are in turn connected to
the throughways of the third in line heat sinks. The connections of the throughways are
accomplished by using known rubber connectors. On the outlet end of the inverter 10,
the lower throughway openings of the third in line heat sinks are open, and the upper
openings are capped.

The heat transfer fluid thus enters each row of heat sinks from an upper inlet side,
flows through the row, and flows out of the third in line heat sinks at a lower outlet side.
As the heat transfer fluid flows through and around the heat transfer medium 24, heat
conveyed into the heat transfer medium 24 from the IGBT switch assemblies 18 is

removed by the heat transfer fluid.

In the preferred embodiment, the heat transfer fluid is cooling oil for the electric
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20 housing 161 is sealed by a pair of end manifolds
164. The end manifolds 164 are secured by using
wehew gt brazing material to mnimze any ad#ed/usS2004/006489

el ectrical resistance. Figs. 6 and 7 illustrate an

al ternate enbodi nent of the heat sink housing 161'.

-17 WD 2004/ 079792 PCT/ US2004/ 006489 I n the housing

161', the throughways 162 are retained, but the upper

surface 165 is separate fromthe nmain body of the
housi ng 161" to_allow insertion of the heat transfer

motornaggd Jhe heat transter dnediymy Adds enpluraline ofipiar platedacappesdalls. The

will be the nmounting surface for the sem conductor

coppec doglisn2hieze dbrdzed Itb eduly efterearitk td dhaadhllsr ofthe heat sinks 16 in a
nol ybdenum After 5 the heat transfer rredl um 24 is

uniqué E§§ér‘nﬁﬁl prdcass."eherpRek |%rw g@. oFife b m/ggéé“an éﬁ&euent means

seal’ed by attaching t per sur ace

of Cfe%*’/nﬁé@t%cﬁ? (P o2 Wi, 4‘6@?% 57 05 tEF BalS R4 anhyith the interior

wals SRR Seatt i RebisTHERds oM renten & stiRriarnest tiansian Rash in the heat
in line | GBT switch assenbly 18 / heat sink 16

sinks H@dlhedlow pathsicreatedrretwrentbedals 24 tavesmeodthi kaundenies and are

second supply side inlet port (throughway opening) of

relativelydafgd. sFreenfldw throbglathe hoktstravisfe caiediihm idf betical so that debris from
t hroughways 162 of the first in |ine heat sinks are

the m@H A S nétol&é&&nv\% fmf:aﬁmawwﬁe%ﬁt%neﬁ of e ﬁeggmg 1'6“1.

[1Tne heat sin are In turn connecte

R R T AR ———

si ng kno r ubber connpect or On the outlet end of
formeéj qulivwm&h% viges epMisianaeior useowiRtRS rEgeemtigyention require a
the third in line heat sinks are open, and the upper
heat sigenBrwith ar poroappaetallithintéroat etenaerstf 24 thatusetvesas a heat transfer
enters each row of heat sinks from an upper inlet
elemeft.dThe heat transfer element 24 allows fluid flow through passageways thereln
In the preferred embodiment, the porous heat transfer internal element 24 is formed from
a large plurality of metal balls bonded together to provide a plurality of fluid flow paths.
The flow paths through the internal element 24 serve as conductive paths to transfer
heat from the mounting surface 165, and to dissipate the heat into the cooling fluid that
flows through the interstices around the balls 24. Thus the metal balls of the internal
element 24 must be in thermally conductive contact with each other. The metal balls
are metallurgically bonded together at the points of contact so as to provide for both
conductive heat transfer from one ball to another and a plurality of fluid flow paths

through the interstices between the balls for convective heat transfer into the cooling

fluid.
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flows through the row, and flows out of the third in

line heat sinks at a lower outlet side. As the heat
wonrengiem2fl uid flows through and around the hear/us2004/006489

transfer nmedium 24, heat 20 conveyed into the heat

transfer nmedium 24 fromthe | GBT switch assenblies 18

is renoved by the heat transfer fluid. In the

preferred enbodi nent, the heat transfer fluid is

cooling oil for the electric -18 WD 2004/079792

PCT/ US2004/ 006489 notor, and the heat transfer nedi um

2}t isrefaired thatiat IQﬁstpneeaurﬁacat@‘dthedmairsmhlHcmsm’@wel61 is formed
copper balls 24 are brazed to each other and to the

from wied | b evfunt h & digbdiersirnkisasL & ddéﬁ%lem%ﬂhérrﬁéﬁéﬁﬁéﬂswn similar to that
process. The spherlcal shape of the balls provides an

of SIllg\Aé‘r?%hﬁc%'ﬁtcd'fBFl%S an8f eﬁl%r 2 %%r {ig.ngj\%tgenféF Wpﬁ‘aﬁﬁe taleasg one surface

aplurality of°

of 0 R Gyt iy bl SRARLR S Sonents of the

%ds 16. The fl owcs)a.t hs created between the balls 24
e'ectfﬁa iRt EeNaied dikecthonthe molibgdenus sunfaceyof thierkesat sink 16.

flow through the heat transfer nediumis critical so

The malybdeetimi molinting surfaceo?65 ofihieatasisk & hascpw®efficient of thermal
trapped in the interior of the housing 161. Referring

expansion siviririty that @Qlﬁoﬁtﬁérefdraetﬂ}eékpe}ﬂsﬁw and %t?a'&ﬁon of the heat

present i nvention are forme

s TSGR {60t L OB L ticondctor

el enent ﬁ}er t .serves .as a heat transfe

chips. elg th RRMERLE: FRYSITK BOLARG SHEfage (165and ﬁmed:hlp substrates,
fl owthrough passageways therein. In the preferred

expanghnigadi a@mtract similgsrarneunisaduringiriwatingi andr cadling, etirenproblems of
24 is formed from a large plurality of netal balls

delamiratitedoft thg ehipefrotothermuusiingisinfacea 65 Yor of tHd é'hlﬂ §dU§Wate cracking
pat hs. 15 The fl ow paths through the internal el enent

and brghkif Yfe 36 T fEking WREAthd Bofp@RshEheats and cools is eliminated.

In order to be susceptible to receiving soldered components, as is a key element
of the present invention, the molybdenum mounting surface 165 of the heat sink must
be nickel-plated. Nicke! plating of both sides of the mounting surface 165 not only allows
silicon chips to be soldered with lead containing or lead-free solders to the external side
of mounting surface 165, but also provides an improved bonding sdrface for the brazing
process used to attach the porous metallic heat transfer media to the internal side of
mounting surface 165 and to complete the assembly of the heat sink 16.
Electrodeposited nickel plating is sufficient for the external mounting surface 165 on to

which the electronic components are to be soldered. However, it has been found by the

inventors that an electroless process is optimal to properly nickel plate the interior
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heat fromthe nounting surface 165, and to dissipate

the heat into the cooling fluid that flows through
woOheodinemesti ces around the balls 24. Thus t heraetak004/006489

balls of the internal element 24 nust be in thermally

conductive contact wth each other. The netal balls

are netallurgically bonded together at the points of

contact so as to provide for both 20 conductive heat

transfer fromone ball to another and a plurality of
t hr.ou s between the

uld,f| at.h the interstic
surfacgof tie, R R BTG b 1 PRk fe, SSSeblY vl thoihasg Sink 16 and
fluid. -19 WD 2004/079792 PCT/ US2004/ 006489 It is
concugieat attpehmenhof e pesets oratalliomedia 2% to tie listatnali sutfaces of the
housing 161 is forned from nolybdenum WMl ybdenum has

heat smkdumis‘img:nentbyobraggﬁ; mh@xaa@%améégrb&o%ssgsé &l foPthe interior

silicon, silicon i de, and gallium arseni
: g, i+ ii f 0 he heat . .
of the BOGHRbrIo: P sl gRETe eRclE B kentlo frdextéial sice of the
onent f the,5 electronjc devjce tg be nounted
m°””t@\%p€‘kf?ﬁ“§? 165 At Vab DRy fininating ihe eledmodenasitaragess.
i@' The mnlgbdenu_m mount | n& surface 165 of heat sink
hpygh melyedenymds et diffissit teunickelplaies thainvientdrahave found that

that of silicon; therefore, the expansion and

a suitablenichet platingfeanttes beeducesii ark treomountiog Sureeee168 by flash coating
simlar to that of the silicon substrate of the

with ars ectreadpesiebrosdysP SWhilb AR @Q&tﬁcg@ééﬁjﬂ%r%cew?néxéfs%be used to

sink nounting surface 165 and t I'p substrat
preparg e B e B the TR HeoSBt Rstheaf 19 paBSbaTth 1 Yhas been
ciscoue by 16 TR SRt b o B Taat KoL Gincanty
. conponent heats and cools is elimnated. In order to
improvgd by, Bagheeating withrant elagtiolessaprecessi utilizing honos-nickel. s

2&2? %as?li c?c;raetinntg a molybdenum body with an electroless boron-nickel, the plated
components are heated to 1436 - 1472°F for approximately one hour in a thermal
diffusion process. The thermal diffusion process may be performed in either a hydrogen
atmosphere or in a vacuum.

In the preferred embodiment of the present invention adapted for use with a power
converter, the heat sink 16 is formed as a rectangular enclosure having external
dimensions of approximately 0.5" thick by 2.5" wide by 5.0" long. It is envisioned by the
inventors that various numbers, shapes and size of electronic components may be
utilized, according to the requirements of specific applications, and the dimensions of the.

heat sink will vary accordingly.

For the preferred embodiment of the present invention, the porous metal heat
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of the present invention, the nol ybdenum nounting
surface 165 of the heat sink nust 15 be
waizek@ropk at ed. N ckel plating of both sides oPCThs2004/006489
nmounting surface 165 not only allows silicon chips to
be soldered with | ead containing or |ead-free solders
to the external side of nounting surface 165, but
al so provides an inproved bonding surface for the
brazing process used to attach the porous netallic
heat .ransg?r media to the internal side of nounting
transfer, mediym, g5 the, dniesiog Jigatransfae elasenbidd iss construciad by packing
sink 16. 20 El ectrodeposited nickel plating is
relativelyr sinall.euniféronlyt dized metalial batisutogietiiersinr fhac intdBér ohtHed heat sink
whi ch the el ectronic conponents are to be sol dered.

housnﬁgomeven haist béers fheRNbY Qh'@%\ﬁéhtbﬂ?setha't lbéﬁ@tr&rvﬁ]gt Eae’iaﬁ%ter between

el ectrol ess process is optimal to properly nic

005 B3 1 L4 T8 FROAEENEHGot s g oo o

161. pri I he heat sink 1
sink KGRI 1BT: | ohi Bonntodiect mEeBonyst h%etsa?fq@twe&ﬁrsezw allow for
to the |nternal surfaces of the heat sink housing 161
condugtjomptheaind/pleatrigiy dlase theomeusting suefesei 18 5istaland throughout the
the interior of the housing 161, it is a sinple

poroustaidtelheat tearisferdelehenir 24.cFhke hnetahergiod] donding béitvedn the balls is
the 5 nmounting surface 165 as well, thereby

achlev%H' HV ;Sléinh@ the bAILWRE SUFRRRRSojurnké 6?5%%2 J&V&f]hnd so that during

denumis very difficult to nickel

| braz@wee"é%gﬁﬁczeggf@wﬁ N

h an el ect odeposit, process., Wile this
betwegt Joe EaEpGbI% MoreRsess ug 28 MBCRRBIFtYS hetdgapdier paths and
t he other surfaces of the conmponents of the heat sink
minimiges dhergnaleand electiioal pesistancedi scover ed by the
inventors that the plating process for these surfaces
iltsstsoudah beiateartthat mamgrdiferenbindtédasls andedhapesvédnb@Bhosen for the

el ectrol ess process utilizing boron-nickel.
individual heat transfer media of the internal element 24. However, in the preferred
embodiment, a copper ball is used. Because copper alloys are susceptible to hydrogen
embrittlement, the composition of the balls must be controlled to allow for the thermal
processing required during the brazing process. In the preferred embodiment, an OFHC
(Oxygen Free High Conductivity) copper alloy ball is utilized.

The alloy must be free of contaminants to be properly bonded in the brazing
process. For this reason, the commercially available copper balls are first chemically
milled to remove a significant amount of material from the surface of the balls. The

degree of material removal necessary is defined by the condition of the balls as

purchased.
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After flash coating a nol ybdenum body with an

el ectrol ess boron-nickel, the plated conponents are
woaeeaid@mdode 1436 - 1472F for approxi mately one ROUAUSR2IV4/806489

thermal diffusion process. The thermal diffusion

process may be perfornmed in either a hydrogen 15

at nosphere or in a vacuum 1In the preferred enbodi nent

of the present invention adapted for use with a power

converter, the heat sink 16 is forned as a rectangul ar

+ havi nal _di nensions of, ,appr oxi mat el
G ELBBHI-SIER L B8 (FAIRG cingBling, B et BOhGi ki bk together.
b ﬁhe i nveptors that various nunmbers, shapes and
The eg%ﬁ C gPrReeevalAlioyds mrederrd byrdijstirlating silver entd the copper balls,
according to the requirenments of specific

and theppthermallyrerocessing hihediesaitanpnsatdk tohachibetthe iptsper amount of
will vary accordingly. For the preferred enbodi rren? of

liquefachien pr tort ' | iti
el 198RS R I Y1 E0E2 Ll i ifodeposing

' i A I ; 4 J t ted b
a 0.0008 510,861t IaK BT of cEMliel Pt E G PaIeTR: 2
[ h [ he, i [ f the h i nk
Ao B30 e ot SR RiRndy o RPSHiombl hiveriror
bal |'s having a_diameter between 0.05 and 0.15 inch
heat sigkdhaysingrdf1. THe bausingrift ispthenssenued dn aduazimghfixture.  With an
and to the heat 5 sink housing 161. The bond cont act

appropiate fintuge, the bralzing tozyether dfathgdndvidudl @4l§ @F the porous metal heat
conduction of heat and electricity fromthe nounting

vanstef GEREAUSR bcoaillc b K XL LK, 1BGERLSPIA e performec
concu A8 Y3 e SIEESE SRR B b, bess

ft Hsd 40 208008 287 Fol 6 rinng at “contact points

b) Hold at 1000 + 25° F for 20 min.

c) Heat to 1400 + 15° F in 30 min.

d) Hold at 1400 + 15° F for 20 min.

e) Heat to 1500 + 10° F in 5 min.

f) Hold at 1500 % 10° F for 10 min.

g) Furnace cool to 500° F.

The resultant heat sink is then ready for installation of the electronic components.

Because one surface of the heat sink 16 is used as a mounting surface for the
component circuitry, that surface must be relatively flat, and will typically be formed from

molybdenum. Occasionally during the brazing process, the bonding of the balls to the

wall of the heat sink housing 161 causes excessive deformation of the wall. The amount
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10 between the balls. This increases the size of the
conductive heat transfer paths and m nim zes thernmal
wana4@reoderi cal resistance. It shoul d be cl ear PCAS2004/006489

many different materials and shapes can be chosen for
the individual heat transfer nedia of the interna
el ement 24. However, in the preferred enbodinent, a
copper ball is used. Because copper alloys are
susceptible to hydrogen 15 enbrittlenment, the
co ition of the balls nmust be controlled to allow

of acqEpiabi Varancg.fr O%ﬂ%wﬂﬁvw eeeidingdtogthe speeifie application. If the
brazi ng process. In the preferred enbodi nent, an OFHC

brazinggxpgess takas thegnountinsuiface 1§5«ftheheat sink bBloutside acceptable
utilized. The alloy nust be free of contamnants to be

toleramees) exddjtidnat pedcéssingis teqaigedg process. For this
reason, the comrercially avail abl e copper balls are

fTHe fla®ieeBioFahé Ynodiling durfite! 165 BFYE Pétaﬁéeiﬂgg‘ﬁ é&‘i‘%)ﬁerestored by

amount of material fromthe surface o

: r i al v ssary is defin V., the,
machifif i fo-pRIG 12 sl PR 3t nBS RS Bk ise Ny thathitShing of the

2004/ 7972 PCT/ US2004/ 006489 A copper-silver eutectic
mountig,surace %é&?ﬁobef acerBRlisnedduna aofiing rpeessogEh@soining process
i The eutectic copper-silver alloy is produced by first
simplygnuelvag applyieg hight pressurectopiberhdusing (a catddfarimimg process) until the

thermal |y processing the resultant matrix to achi eve

surfacé lie bpowgietrwithin irdcepfablé flatmeksdinitsd. | n the preferred
enbodi nent, the balls are prepared by
el ectrodepositing 5 a 0.0005 to 0.0010 inch thick
| ayer of dull silver onto the copper balls. After the

id ver plated, they are introduced

ALTEéE&¢i%E@ﬁﬁ%$@$EBﬁJOf the heat sink housing 161. The

housing 161 is then secured in a brazing fixture. Wth

&rgs. 9 and 10 illustrate alternate embodiments of the method disclosed herein.
The alternatives are the choice of materials and fabrication method used to manufacture
the porous metallic heat transfer element 24. Fig. 9 illustrates a first alternate
embodiment 24’ that utilizes a metal foam, such as copper foam, or a metal block, such
as a copper block, with a plurality of throughways or channels 26 machined therein.

Fig. 10 illustrates a second alternate embodiment configuration of the heat sink
24" that utilizes a metal fabric such as copper wool or copper felt. The processing of the

heat sink 1 remains unchanged as the metal fabrié has inherent throughways formed in

the material.

The above disclosure is not intended as limiting. Those skilled in the art will

readily observe that numerous modifications and alterations of the device may be made
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appropriate fixture, the brazing together of the

i ndi vidual balls of the porous netal heat transfer
wehemie79and t he seal i ng of the heat sink housPa@g/ussmb4/006489

can be performed 10 concurrently. The foll ow ng

thermal cycling is used during the brazing process: a)

Heat to 1000 25 Fin 60 min. b) Hold at 1000 25 F

for 20 mn. <c¢) Heat to 1400 15 Fin 30 mn. d) Hold

at 1400 15 F for 20 mn. 15 e) Heat to 1500 10 F in

: ' t F for 10. nmn. Fur nace
while fetéhihg, trieighingRof Hie fvehioh, iocidingl he Abave eiasiosure shouid
IIatlon of the electroni c conponents.
be C°r§gff‘£$£€3 mited enly Ly be restrigieas ofithe appendedsdainmess a
nmounting surface for the 20 conponent circuitry, that
surface nust be relatively flat, and will typically be
formed from nol ybdenum Gccasionally during the
brazi ng process, the bonding of the balls to the wal
of the heat sink housing 161 causes excessive
deformation of the wall. The amount -23 WO
2004/ 079792 PCT/ US2004/ 006489 of acceptabl e vari ance
fromflat will vary according to the specific
application. If the brazing process takes the
mounti ng surface 165 of the heat sink 16 outside
acceptable tolerances, additional processing is
required. The flatness of the nounting surface 165 of
the heat sink 16 can be restored by 5 machining and

re-plating the surface. It has al so been di scovered
that flattening of the
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nmounti ng surface 165 can be acconplished by a coining

process. The coi ning process sinply involves applying
waigl/pymssure to the housing (a cold form ng PCOMSI®Y/006489

until the surface is brought within acceptable

flatness limts. ALTERNATE EVMBODI MENTS 10 Figs. 9 and

10 illustrate alternate enbodi nents of the nethod

di scl osed herein. The alternatives are the choice of

materials and fabrication nethod used to manufacture

the porous netallic heat tr fer element 24. Fig. 9
illustrates a first al terh&?gﬁn%nbodi ment 24' that
utilizes a netal foam such as copper foam or a netal
Meataimsuch as a copper block, with a plurality of

t hroughways or channels 26 machi ned therein. 15 Fig.

1 10 iA postesat fos fornsing enHeat siﬁkro@h? di ment
configuration of the heat sink 4" that utilizes a

% trickd] Pitiry exeRoPang Qﬁt@ﬁﬁ&‘é‘?%c@é of GPRE: difk égu%@ﬁ

processing of the heat si remai NS unchang

' ' rent through s,farnmed | n ]
PR paind Raid S0l ElinpofieBty of i Mekriaplated heat sink
limting. Those skilled in the art will 20 readily
housingfoca yéeq'm?:irtd? BIRCESSdi fi cations and al terations of
the device nmay be made -24 WO 2004/ 079792
PrFives POaLinga 6uselliofntemal elemenhwithrepluealith bﬁt}ﬁ'oo? hivags therein,
i nvention. Accordingly, the above disclosure should

2

3

4

5

6 H ptawiry saieinternbl efeheshtanlan dYerdreofiRd heat sPRShAsing,
. t he appended cl ains. -25 WO 2004/ 079792

8

)

0

B 864ty 4aROMEA%iIR-AblSing in a brazing fixture, and
e) thermally processing said heat sink housing and said internal element, such
that
1 said silver layer and surface metal material of said internal element liquefies to
11 form a bond between adjacent components of said internal element and to any

12 contacting surfaces of said heat sink housing, and to form a bond between the adjacent

13 components of said heat sink housing.

1 2. The process of claim 1 wherein:

said thermal processing comprises;

a) heating said heat sink housing and said internal element to 1,000 °F + 25 °F
in sixty minutes,

b) holding said heat sink housing and said internal element at 1,000 °F + 25 °F

o o A W DN

for twenty minutes,
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W claim 1 1. A process for formng a heat sink

conprising: 2 a) nickel plating exterior and interior
weoeund4amaem™2of a heat sink housing, 3 b) subject Pag/Us210d/006489

nol ybdenum conponents of said nickel plated heat sink

4 housing to a thermal diffusion process, 5 c) silver

plating a netallic internal elenent with a plurality

of throughways therein, 6 d) placing said interna

element in an interior of said heat sink housing, 7 e)

S i,ha sai,d heat ,sink .housing in a brazing fixture, .
a‘ﬁj@tl&% %?{Qﬂ}&ﬂ?ﬁ;'ﬁ'bhewgsiw gaiddntasaal elementdost 460 °F + 15 °F
and said internal elenent, such 9 that -10 said silver

in thirfygpitesid surface netal material of said internal
element liquefies to 11 forma bond between adjacent

o) ripoidiegt saioheztisthii hogsinglargl @avianhteélnﬂt &18n Y at#§49% °F £ 15 °F

contacting surfaces of said heat sink housing, a

fortwérﬁyfﬁ]mu&s@d bet ween the adjacent 13 conponents of
sal d heat 'sink housing. 1 2. The process of claiml

I:0; aid thermal. processing conprises; 3 a
#@Z{eﬁﬁlﬁgsﬁ%ﬁ?ﬁeﬁ% 'h%“ﬁ‘ﬁ%@ﬁ"ﬁgsadﬁdm@am%l glement 4o 1,§00 °F + 10 °F
. ~_elenment to 1,000 OFt 25 OF 4 in sixty mnutes, 5 b)
in five MiNHISSy sai d heat sink housing and said internal
element at 1,000 OFt 25 OF 6 for twenty mnutes, -26

Wholding said heat SIGK/HIGRIYARD 64”internal element at 1 ,500 °F * 10 °F for
ten minutes, and

g) furnace cooling said heat sink housing and said internal element to 500° F.

3. The process of claim 1 wherein:
nickel plating of said exterior and interior surfaces of said heat sink housing is

accomplished by an electrodeposit process.

4. The process of claim 1 wherein:
nickel plating of said exterior and interior surfaces of said heat sink housing is

accomplished by an electroless process.

5. The process of claim 1 wherein:

said thermal diffusion process is performed at 1436 - 1472°F.

6. The process of claim 5 wherein:
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7 c) heating said heat sink housing and said internal

element to 1,400 OFt 15 OF 8 in thirty mnutes, 9 d)
waabdiogrsai d heat sink housing and sai d i nt er R@I/US2004/006489

element at 1,400 OF t 15 OF 10 for twenty mnutes, 11

e) heating said heat sink housing and said internal

element to 1,500 OFt 10 OF 12 in five mnutes, 13 f)

hol di ng sai d heat sink housing and said internal

element at 1,500 OF 10 OF for 14 ten m nutes, and 15

.fyrnace cooling said heat sink housing and said
i%)ﬁfﬂ{eﬂr?&m | n {Sopefdernted in adydragenayvesphere. cl ai m

1 wherein: 2 nickel plating of said exterior and
interior surfaces of said heat sink housing is 3
acconpl i shed by an el ectrodeposit process. 1 4. The

7t adessroebss loricairh SWeei: 2 ni ckel plating of said
exterior and interior surfaces of said heat sink

' I-$ i i ctrol ess process.
?Qié!f.sfﬁ_léﬂrgagF@g@%}[ﬁ%f&aﬁfﬁﬁlwm%g@&ﬁhﬁ2 sai d thermal
di ffusion process is perfornmed at 1436 - 1472F. 1 6.
The process of claim5 wherein: -27 WO 2004/ 079792
PCT/ US2004/ 006489 2 said thermal diffusion is
Berd herhfeaess obhclayrbykareitnosphere. 1 7. The process -
of claim5 wherein:
said internal element is made of copper

9. The process of claim 1 wherein:

said internal element is chemically milled prior to silver plating.

10. The process of claim 1 wherein:
said silver plating process deposits a layer of dull silver 0.0005 to 0.0010 inch

thick on said internal element.

11. The process of claim 1 wherein:
end manifolds of said heat sink housing are secured to a main body of said heat

sink housing during said thermal processing.

12. The process of claim 8 wherein:
said end manifolds of said heat sink housing are secured to said main body of

said heat sink housing through the use of brazing sheet,
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2 said thermal diffusion is perforned in a vacuum 1
8. The process of claim1l wherein: 2 said interna
wehemwie7oes nade of copper 1 9. The process oPCTiua20om/M06489

wherein: 2 said internal elenent is chemcally mlled
prior to silver plating. 1 10. The process of claim1l
wherein: 2 said silver plating process deposits a
| ayer of dull silver 0.0005 to 0.0010 inch 3 thick on
said internal elenment. 1 11. The process of claim!l
wherein: 2 end mani folds of said heat sink housing are
secured to a main body of said heat 3 sink housing

[ said thermal processing. 1 12. The process of
%iﬂ?esp(ﬂ?gﬁéi‘ﬁzc@"biivﬂh%rﬁw:manifoI ds of said heat
sink housing are secured to said main body of 3 said
HeaimeuntiogBirfaceofisaid heat sink isisecuweddo azinain bbetf said heat sink
-28 WD 2004/ 079792 PCT/ US2004/ 006489 1 13. The

housiny dorrsg sald iheninal prodessiign: 2 the nounting surface of
said heat sink is secured to a main body of said heat
sink 3 housing during said thermal processing. 1 14.
The process of claim 10 wherein: 2 said nounting

r e of [ t,Sink housing is secured to said
ﬁls%i‘ ﬁ%%o%r&cgggog CEagﬁ%d@xﬂtefEﬁ"nk housi ng t hrough the use
oftPrazin% Sh?Ft- ) . L
sala mounting surface of said heat sink housing is secured to said main body of

said heat sink housing through the use of _brazing sheet.
15. The process of claim 1 wherein:
a mounting surface of said heat sink housing is secured to a main body of said

heat sink housing during said thermal processing.

16. The process of claim 1 wherein:

said internal element comprises a plurality of metal balls.

17. The process of claim 16 wherein:

said metal balls are made of copper.

18. The process of claim 16 wherein:

said metal balls are chemically milled prior to silver plating.
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1 15. The process of claim1 wherein: 2 a nounting

surface of said heat sink housing is secured to a nain
woaados/0a9798ai d 3 heat sink housi ng during sai dPCEIS2@U/006489

processing. 4 16. The process of claim1l wherein: 5

said internal elenent conprises a plurality of neta

balls. 6 7 17. The process of claim 16 wherein: 8

said netal balls are nade of copper. 1 18. The

process of claim 16 wherein: 2 said netal balls are

' L | Or | .Silver plating. -29 WO
g%?@%’%&%&f%ﬁt%%%@%Q 1 19. The process of
clajm1 V\/Eelrei n. 2 said internal element conprises a
r?@ida'lnf“?r paLelsaienticomrIises metallic blpckwithvsaid giwality ofshroughways
.machi ned therein. 1 20. The process of claim 1.
machiRgthgrain.2 said i nternal el enent conprises a netal
foam 1 21. The process of claiml wherein: 2 said
internal elenment conprises a netal wool. 1 22. The
process of claim1l wherein: 2 said internal el enent

QgﬁthS@gcésggf glaihe! Wherdin23- The process of claiml

wher ei n:
said internal element comprises a metal foam.

21. The process of claim 1 wherein:

said internal element comprises a metal wool.

22. The process of claim 1 wherein:

said internal element comprises a metal felt.

23. The process of claim 1 wherein:

at least one surface of said housing is formed from molybdenum.

24. A process for forming a heat sink comprising:

a) nickel plating exterior and interior surfaces of a heat sink housing with a
plurality of throughways therein,

b) subjecting molybdenum components of said nickel plated heat sink housing to
a thermal diffusion process,

c) silver plating an internal element so that a silver layer is formed on an exterior
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2 at |l east one surface of said housing is fornmed from
nmol ybdenum 1 24. A process for formng a heat sink

woan@ro7siong: 2 a) nickel plating exterior and PATRIS2MA/006489
surfaces of a heat sink housing with a 3 plurality of
t hroughways therein, 4 b) subjecting nol ybdenum
conponents of said nickel plated heat sink housing to
5 a thermal diffusion process, 6 c) silver plating an
internal elenment so that a silver layer is forned on

: rior 30 WO 2004/079792 PCT/ US2004/ 006489 7

Ofsa'%‘p]tggﬁtage’%?%mﬁal el emrent, 8 d) placing said internal

el.enent in _an interior of said heat sink housing, 9
@b akingisalf idemnahelamentnin avinterior phsaidthesti sink housing,
fixture, 10 f) heating said heat sink housing and said

ie)tsecukhg sladdrbesat sink hdBthgOm & b2azifg fixturell si xty
m nutes, 12 g) hol ding sai d heat sink housing and said

ifPhEAtRy s?gﬁheﬁi*sirﬁé hdudlRg aFb éai@ﬁwt;g;rr(al blerhght 17000 °F i 25 °F in

m nut es, ) heating said heat sink housing an

; i nal elenent to 1,400 OFt 15 OF 15 in thirty
sixty rﬁthP}%%é 16 i) holding said heat sink housing and said

Iﬁ?fﬁﬁ‘ggl S%E?F F;Q{wé'gi‘ihlﬂj’% gﬁﬁteﬁllc? m?gwﬁa‘ifmml%gi g’;‘gt@ ¥ +25°F

internal element to 1,500 OFt 10 OF in 19 five
for twemty, mingtes, :

«Q

h) heating said heat sink housing and said internal element to 1,400 °F + 15 °F
in thirty minutes,
i) holding said heat sink housing and said internal element at 1,400 °F + 15 °F for

twenty minutes,

j) heating said heat sink housing and said internal element to 1,500 °F % 10 °F in
five minutes,

k) holding said heat sink housing and said internal element at 1,500 °F + 10 °F
for ten minutes, and

) furnace cooling said heat sink housing and said internal element to 500° F; such

that

said silver layer and surface copper material of said internal element liquifies to
form a bond with adjacent components of said internal element and to any contacting
surfaces of said heat sink housing, and a bond between the adjacent components of said

heat sink housing is formed.



w

20 k) hol ding said heat sink housing and said interna

element at 1,500 OF 10 OF 21 for ten mnutes, and 22
woOpodsorymee cool i ng sai d heat sink housi ng andPe@&iug2004/006489

internal elenment to 500 F; such 23 that 24 said

silver layer and surface copper material of said

internal elenent liquifies to 25 forma bond with

adj acent conponents of said internal elenent and to

any contacting 26 surfaces of said heat sink housing,

o Ty RBOmSRagans 2ARhUBIN. 31 V0 20041 070792

PCT/USZOO4/006489 1 25. The process of claim 24
viriekelipiating off exetiopsurfaces affsaid heat mnkm%mgas acofplidhed by an
heat sink housing is acconplished by an

electrmi&;xdsuq:d'epesst process. 1 26. The process of claim 24
wherein: 2 nickel plating of exterior surfaces of said

heat sink housing is acconplished by an 3 electroless
process. 1 27. The process of claim 24 wherein: 2 said

thaer .t lcop.progess is performed at 1436 -
?}?ZHQ pl%cgégsdf%éalﬁ}g%@%e '8¥-cl ai m 27 wherein: 2 said
th mal?édl ffusion is performed in a hydrogen
ing of exteripr cee & 83id beatgink housinglie ascomplished by an
sai d therrml diffusion is perforned in a vacuum
electroless process.

27. The process of claim 24 wherein:

said thermal diffusion process is performed at 1436 - 1472°F.

28. The process of claim 27 wherein:

said thermal diffusion is performed in a hydrogen atmosphere.

29. The process of claim 27 wherein:

said thermal diffusion is performed in a vacuum.

30. The process of claim 24 wherein:

said internal element comprises a plurality of metal balls.

31. The process of claim 30 wherein:

said metal balls are chemical milled prior to silver plating.
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1 30. The process of claim?24 wherein: 2 said interna

el ement conprises a plurality of netal balls. 1 31.
woheo4prrowess of claim 30 wherein: 2 said netal POaIUS3004/006489

are chemcal mlled prior to silver plating. -32 WD

2004/ 079792 PCT/ US2004/ 006489 1 32. The process of

claim 30 wherein: 2 said netal balls are nade of

copper. 1 33. The process of claim 30 wherein: 2 said

silver plating process deposits a layer of dull silver

0.0005 to 0.0010 inch 3 thick on said copper balls. 1

34. The process of cIain124 wherein: 2 said interna

e lic block with said plurality
§]2t o%'f?r‘f\n?g C%’Wagﬁ feihherein. 1 35. The process
of claim 24 vvher ein: 2 said internal element conprises
saidematals brile are l:BladeDfEGOppel‘,ess of claim 24 wherein: 2
said internal elenent conprises a netal wool. 3 4 37.

The process of claim?24 wherein: 5 said internal
el ement conprises a netal felt 1 38. The process of

8BaTReZrotess 8F Blaim 30 wherein:

said silver plating process deposits a layer of dull silver 0.0005 to 0.0010 inch

thick on said copper balls.

34. The process of claim 24 wherein:

said internal element comprises a metallic block with said plurality of throughways

machined therein.

35. The process of claim 24 wherein:

said internal element comprises a metal foam

36. The process of claim 24 wherein:

said internal element comprises a metal wool.

37. The process of claim 24 wherein:

said internal element comprises a metal felt

38. The process of claim 24 wherein:
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-33 WD 2004/ 079792 PCT/ US2004/ 006489 2 end nani f ol ds
of said heat sink housing are secured to a nmai n body
wohowargomeat 3 sink housing during said ther REI/US2004/006489
processing. 1 39. The process of claim 38 wherein: 2
said end mani fol ds of said heat sink housing are
secured to said nmain body of 3 said heat sink housing
t hrough the use of brazing sheet. 1 40. The process of
clain124 wherein: 2 a nounting surface of said heat
k ho sing is secured to a main body of said 3 heat
Wﬁakﬁldﬁg’féaﬂ heatssinky hoteingaarepsentised ite @ mainbodyTbé said heat
process of claim40 wherein: 2 said mounting surface
sink hayfsingiddringasaid tmsrnied ysooessisg.secured to said mai n body
of 3 said heat sink housing through the use of

brazi ng sheet. -34
39. The process of claim 38 wherein:
said end manifolds of said heat sink housing are secured to said main body of

said heat sink housing through the use of brazing sheet.

40. The process of claim 24 wherein:
a mounting surface of said heat sink housing is secured to a main body of said

heat sink housing during said thermal processing.
41. The process of claim 40 wherein: «

said mounting surface of said heat sink housing is secured to said main body of

said heat sink housing through the use of brazing sheet.
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