ELECTRI CAL BUS W TH ASSCCI ATED POROUS METAL HEAT SI NK
AND METHOD OF MANUFACTURI NG SAME This application is a
continuation-in-part of the inventors' co-pending
application serial nunber 09/708, 182, filed
11! 712000, which is hereby incorporated by reference
in 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 nodul e
conprising an electrically conductive porous netal
heat sink that has sem conductor conponents attached
to a surface thereof, the sem conductor conponents
bei FlEETRIEAL BUSMNTHASSOCIATER ROROUSIMETAH HEAT SINK
soldering to the heat sink. The invention al so
i ncl udes t hANPEMETHOSX ORMANUEACGTURING $AMBuUS net al
heat sink for an electronic device. BACKGROUND OF THE
I NVENTI ON Many el ectroni ¢ conponents generate heat
during operation. This characteristic becones
si gtis ppplicatiomisi ansardinuationi-in-patti of theaimventorst co-pindidg application
Is used to generate, transfer, or convert electric
sefiph Wambenp9/20e; $82, difed EHHBRO® whichtib herebi fireotporatet &§ réference in
_ Applicants' related application (referenced above), is
its eplretynverter used in electric traction -1 notors.
Heavy el ectric vehicles, including | oconotives, road
and off-road vehicles, are driven by electrically
owered traction notors which turn the wheels or
FIELD,@R STHIE INVIENTIOBhi cl e. These traction notors operate

on AC power, but the electrical power supplied
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 eff_eét, cited in

Applicants’ related application (referenced above), is the inverter used in electric traction
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by the energy source of the vehicle is typically DC.
This DC power nust therefore be 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 control
/| frequency control system (hereinafter summarized as
power converter) requires the use of nultiple
malerg; Haavy @lestric vebiglese including Ipenreefivas.caad and wiftread yehicles, are
control the sem conductor devices, all. of which
drivem by glectically pawetasalragipn reelers whialy temnHbe whesist of tragks of the
applications require the use of sem conductor devices
vebiplg. {Thesg tracten mictosipperatecorcAGthowler,thivé the gleetyical power supplied
therefore also require sone neans of dissipating the .
by thexengfgr soutcedf thw vehide iptypisalyhBChcllis PLophveednust therefore be
power converter used in an electric vehicle, current
coryerteddhi AT gowes én an tinverteai Fudber, itheg ratationahsperd efasueh traction
cool ed heat sinks, or both in conbination. Simlarly,
maoterhds usvallyesontralied by eeaneof the empiencydf thesAC eguier.cThe electric
some method of heat dissipation, nost often .
powern gerasationy rectification inversion { voltageockntiof / freqliénty agintrel system
rise to several problens. For any device to be
(hesginatiersivgunarized @s power ¢naveder) teuuires thease af owitiplet seeniconductor
device for air to flowin sufficient volunme to renove
deviers, st integratedeciepits ité i controlsthensemicbndustor gewves, all of which
converter for the electric traction notor, since
gengrate: a @estodanl ohppit chieny wther yaivatridal ppplisatinszeequire the use of
t hree- phase AC power, six power semn conductor swtch .
sepicenddntoredeviers and inteasaled cirguits toheontrpbitegrad. Triyetherefore also
- electrical requirenents of the notors require that a
requip seMmeoneanofisgiratiag MreBeattganaratete power converter,

along with the power seniconductors and their
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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acconpanyi ng di odes, sensors, switch driver circuitry,
etc. The nunber of conponents required therefore
mandat es a significant space. requirenent. This space
requirenent is then further greatly exaggerated by
the need for space to acconmodate flow of air around
t he power converter conponents. This space requirenent
problemis common to all air-cooled electronic
devi ces. n glrect contradiction to the need for op
bagk be prasgnt b pAgEr GAVERoh aloga it the peWer Seraisendusters and their
all electrical devices function best in_enclosed,
aceRIMPANYING Jiadasy Sensprs. sMiteh daver cisuiyiatad The number of tasironents
reduces thenPotentlaI for contam nant bui | dup.
reqyiied dhersiose mandaleg s sigaificantspacs (rauispraaet. t This gpage equirement
heat transfer, but may al so cause an el ectrical
is then) Hmefcﬂfewveemﬂpt?éed by theopepdefosispacartsl aepgmregdate flow of air
directly create a situation detrinmental to the
arquadthe SRWEF cenverter eempeneats. dEs spaceequirareentiprebiem is common
probl ems caused by air-cooling, some current art
to B'é@i"‘t?@g'eﬂtq|¢qtf?é'° fcep- cool i ng, particularly in high
power lications, to provide a nore controlled .
env'Pr%WﬁE?ﬂntrasmw%twmé\eBe derapgnispate for the gy pkgaoling air is the
sui tabl e faor power converter is generally not
fact @aﬁi|q'be'aetﬁF#fa1ﬁV@e§ fungtion el @ enginsed, pen-ventitated engronments.
power converter that is water-cooled |eads to the
n‘ﬁe‘@'@% of egvironment resticey the peteetial dgotantagnisgrtiuidum  Lontaminant
vehicle that would not otherwise require it. Stil
buldupLcanhiat enlydmpgde Bregiasired Heat eansfauh e Ma 3 also e@nesetan electrical
t he conductive nature of water, -it is necessary

falyecp e GPLse: y heisiare Ai-qoqting etk dlirecty fiasta eﬁ't%ma@mgma* to

m suc ter-cooling systemand this, Initself,
ther'ré’gﬁ’f%oﬂﬁele& lcaHi % ati sfactory cooling of the

d h di od Furth : 5
o GRS " TPl AL BHEHODIng, SPT BT B Sovipgs uiize

wa earrctolo nl'glgl,a[;arttcular!y in high power applications, to provide a more controfled

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 iﬁcluding 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



-3 by the size requirenments demanded by the current
art cooling systens for power converters, are due to
the fact that the power converter conprises a |large
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 10 feet. Longer wires
are by necessity heavier than shorter wires, both in
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sig%gatly enhances the el ectrical performance of these
el ectronic conponents and therefore allows for a very

gion%ﬁt pqﬂr%e&& irgEﬁH?lnﬁ‘\%%O?g \Qﬁ%ﬁ\ﬁ? Bl iviegﬁ?eﬁgfrgﬁésuaﬂy oil-

- “cool'1 ng System used 1O CO he tTa
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requirenents are thus con
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I's an object o resent 1nvention

of Yﬂ%dhifc%itwom% Powe? 'cgﬁ\];err%'ﬂ' ﬁF]é: 8#1'98613{!2 heaPdifk 3hh %ﬁjéeger{ré’ as an
an el ectricall'y conductive heat sink In a way that

electrical power bus to which heat generating electronic components are directly
mounted. The enhanced cooling capability achieved by oil cooling the electrical bus
greatly enhances the electrical performance of these electronic components 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 sp'ace 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
invention to provide a nodule in which -4 electronic
conponents are attached to an electrically conductive
heat sink in a generally planar assenbly, thereby
reduci ng i nductance. It is another object of the
present invention to incorporate the electrically
conductive heat sink as an active part of the

elevtronio Remporérits did dtlachéd td an elettribalRidnbestive Pe8EdiniOm d Héherally
present invention to allow the el ectronic conponents

pldn@r BesamitivltheteBy faducinghamdeshded the el ectrical ly

conductive heat sink. The requirenments of the
el egtisi grther SEBEIUGE e pheint Sh\mfrtio@’snl_@ tfﬁs?ﬁgétﬁgtgté Sbctrically

the present invention are as follo

cofiduthiveneat ShBY b Qctivelpaif af thi \eoRfpoRastiYgyuni fornly
di stributed throughout so as to allow uniform
o%%cc%“npgnents

di sk isi i bhetePotijedt dERRPPestnt INENRMLL alidiv iHetéséicA Len

n
| east one surface of the heat sink must be nade

to bé eidt@ilurgicaiy bonBLE fd theCbdtiicaNP REHGIIVE BB shk.t hat i's
suitable for netallurgical bohding to the electronic

CONMpE RIjuiremBhi8 F Rl SIBBIREAYUonblQivedRIat SinR KarkdPiheUdjects of the

I
constructed fromnetal s offyerlng opti mum properties

prdsent ihadrtionadré A8 faldwa! ectrical Iy conductive heat sink,
3. There nmust be a sufficient surface-area-to-vol une

r el AThe Nt Ridkomubh Bompligy Baplurdifl BY@uthways RiféhAS diStributed
the required convective transfer of heat fromthe heat

threigHout 8o BBeo all@@uniforhd@isEiButidniartl pdssade of TRt &dlihg fluid.
conponents of the heat sink nmust be netallurgically
borzleak leastedsurface 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 electricaliy conductive heat sink must be prepared

to allow for metallurgicat attachment of the electronic components.



other to m nimze resistance to conduction of heat and
el ectricity throughout. 5. The bonding surface of the
el ectrically conductive heat sink nust be prepared to
allow for nmetal lurgical attachnent of the electronic
conponents. -5 SUMVARY OF THE | NVENTI ON The present
invention is a nodule conprising an electrically
conductive heat sink that has sem conductor
d 1o the surface thereof, the
S@'@W@%W@ﬁﬁ' nts being directly and
lurgical ly attached via soldering to one surface
of Rér e@&'ﬂ’g@@m'?a addlecqampsising an degiically candyctive heat sink
hod of manufacturing the heat sink with associated
thgtef@éﬁemw@ dusiep eerepgnentsattached ippthe sutfacetherasthe aemiconductor
devi ce that can be constructed with the nodul e
compepeets heindodifactly spd matallurgicaliyiatigphedsvia solsiering twbael surface of
inverter for an electric traction notor. Six |GBT
the, glectrically candustivelheat sinls @ad the wethed of manyfiasturing the heat sink with
attached to each heat sink, which also serves as an
asgpciated jelegtropigcompenentsx Qnr RXarpelaIcsn ele@romisedeviee thaé can be
assenbly of the 3-phase inverter. In the preferred
°°@?FB{5«S?GI1’€H'B "l?f mpgigde ﬁé%&fd@s A% ther present investion isianeicaaled inverter
low mnetal housing is fitted with inlet and .
f°fo€!ﬂ ?@P‘"ﬁéﬁcgw gotary ik 83% switehgs fanditwelve digdew are matgivrgically
ﬁgFEFOUSIng The housing is filled with a plurality of
at togaeh Beglsink, whichialsRisep es e electrisghburs and sixisygh modules
éi J @f cont ct so as to provide for both conductive
arg Heke iy ﬁ?lsé‘?m'?y&lfrfheo?r@ #38 iNvederanot her and a
lu it f fluid flow paths through the interstices
Eet (nea‘@ﬁ "hferetl SMOdmank ohdieaheas #iMksol das pEesgst invention, a hollow
ductlve ﬁk&hs t? transfer heat and to dissipate the
Sl fiousiads il Wi ¢1pndiqutiat peris lorallgwe ¢anling Griditadiow through

en.s es. arqun h alls.
the I[?ousmgp a‘?he hous?ng .% ﬂllleg w?th a plurality of metal balls metailurgically 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 efectronic 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
replacing the netal balls with a nachined bl ock of a
conductive nmetal 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 at |east one surface
ableash enteatfacs 0k the heatnsinkt the mowrting CurfaBelSihubEbERIRIe from a
froma thermally and electrically conductive netal

theinaaliyh asd celedtrigalinrcondddtive ohetat tHalt HaBes MRrhitar SCTRMIRINGBf thermal -
to that of the electronic conponents. In the preferre

eEpaNSDNTEN thalTf yihae BledtrbRic UsGHpdridintd. "R W8 Hrbfatred embodiment
surface. Qther netals and netal alloys can be useg

moiybdenien i¢ bedd for ded frioDhiriy s@fackh aBtHBY meRARSd AMtd! Jilloys can be
within the range of 4.5 to 10 ppm K at 23C

ufdtbpeividied  théio coefigentnef thufhalCxpahsibh s WRRIL thé Mndd 8.5 to 10
nmol ybdenum al I ows the el ectronic conponents to be

pprofiktat 23ACT eThergfoten foriling oHE fsaffce & fHeChedIRiNKPASRAURblybdenum

- silicon, silicon carbide, and gallium arsenide have

alows ther eleatrbiic cdomiohenfs td Ber mBLnted PRt o thBE surface.  Since
expansion and contraction of the heat sink mounting

melybdernen,vgilidon, Sifcdw ¢drbide, 4 bARIM Arsdnite BaVeSdimthCcdfficients of
the semi conductor chips. Since both elenents, the

thegadl exparsiom th éxpansivh GAG ompfblibh of BRINRabIRE oahehg surface will
expand and contract a simlar anpbunt during heating

bexsithilgntol thatopf thérsubstratel ofithe eémidehduttdrahipan Sicettith ehients, the
fromthe mounting surface or of the chip substrate

heat siok moyintimgls bfaea land thedehip $ubstrhter exgantilaad icostrad aRinkike amount
conponent heats and cools is elimnated. In order to

dusing destingpandteoling, the pedbiémg of d¢ladminaton oNhe AR ffom &fe imdunting
a key el enment

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 improﬁed 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 nol ybdenum nounting
surface of the heat sink nmust be nickel-plated.

Ni ckel plating of both sides of the nmounting surface
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 used

aieﬁ‘é’a‘?%?@?%“aepe SRS, TFaE beb (R o FBMRihorReSan Srectroless
PERER 5 55 *'*‘Q?ﬁﬁﬁgf? el pigle Zﬂ!‘gﬁr@e"@ Liapes. 1 heat sipk pousing
P'?“?‘%?%aﬁ"abs'ﬁs{ B8 Padr e iaiul o Reined A freriimis pgtalic heat
el AR e Infethe nBRe o e TR 510K %§§§$%hgsbf€?nq hihen an
B et iliedsR T sk rob sdhefr SRR Binlnsh 52 S inalehfo extend
ok RS o TR g o ety eusi®e 8 38 of s process

&} I8 rshicaly FapeliPlgat %ﬁéﬁﬁ%&@%ﬁ%ﬂﬁ%ﬂ fihin SsPadite gomponents
sissdellBr 3%35%@% BihieP8 3% RertGiann PetTeicn SRk Pdmecnents can
inf S Borieo 57 yiecing %v%r"s%ﬁin&@&ngaﬁﬁf 8 A YK bonning boay
i (16072 LG mMAISHATTR i AR AR ¢ el S, and @
’a”gnéﬁe%@“““ﬁ% e"#’ﬁ‘“fseF’%@ﬁﬁ'ﬁ-‘ug"‘?%@?’af‘?q?@g'ﬁ*ﬁ?‘é?‘a%ﬁjs ot i, deparate
colfondif, Rladhy dhaBRANE. Frerer AP PABILE TmPEAF inlerfdiHefiint to be
sﬁéﬁlﬁl@%hﬁﬂdé ﬁ%’e‘#&fﬁ%@y g&n%%ﬁ\)ect%l Q.{lnlgf?&gslﬂ'f:gté demgﬁ ﬁatld éérm%ctlons

ousl and mani onnectl
for heat transfer fluid ingress and egress to be made. After the porous metaliic 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 heat sink 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 elenent has been
placed in the interior of the heat sink housing and
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
regui renments, but do have to_seal the unit with a
beteen 0i09rand,0.45 inshare siimak o Tha dally muist be ibpeded togiether and the
can flow through the heat sink w thout |eaks. For the
bondgaptactarea bersyificiontiy laegede allew for icanduction of hedtand electricity
porous netal heat transfer elenment is constructed by
frora drll kyballe| Ehei roetaljurgicall hondingi tedwedry theitméisliscathleved by plating the
together in the heat sink housing. It has been found
balls withesyffiienttvoiume hha trating coeponnd ao dhatnduring a bazing cycle, a
between 0.05 and 0.15 inch are optimal. The balls nust
sufficiast yalume; efglistuitkis pinducsdeto dlomdweting at tcontacbpointst bdiween the
sufficiently large to allow for conduction of heat and
ballp. e Thisi proegss inceaasalthe t sizeh #if | the Teemdustival heatgiraradfer paths and
bondi ng between the balls is achieved by plating the
misinipes therralandraleatiiond resistanne. of a brazi ng conpound so
that during a brazing cycle, a sufficient volune of
|i qin the; @e&‘@ém@dﬁﬁem icopparchalls rage assed antthe tpopmisntatal heat
between the balls. This process increases the size of
trangter elemant in vrdeHeaptimizeresnductvatteat ransfenriand becase copper has
thermal and electrical resistance. In the preferred
the peerss AR rHuctilty paliovwhiiel manufactuese avith sutratiyavailaisle te¢taiology, of
heat transfer element in order to optimze conductive
bajie gf ther yAalt sire regwirede diawaver.oppeer alioys arb suseaptibeatoyhydrogen
"ﬂl]mi lity to allow the manufacture, with currently
empritiamant.ese deh famegsitiofof they kadls grusthie samtralledi toeallow for the

u
requi red. However, copper alloys are susceptible to
ne’:@%aggg\ﬁrmal 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 ifs 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
processi ng 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 conpound is fornmed on the surface of
the balls during thermal processing. The nodul e of
the present invention is constructed so as to forma
S?JT'"&H%U%QISE' PadiPN @ therpewercpassingl throvightbe chipris dissipateaf as heat.
Eihe heat sjink assenbly and its conpanion electrical
This DEERMBRE signifigantmt eurrnty gieetardhan 100ampaiand msolkts infrapiddeating
device. This allows the sem conductor conponents to
ofithp semisendueter. cTHis beatimoust be Temovastiol reaintairt the jyrictis tdmperature
I nvention can be used wth many el ectronic conponents
ohfhe issmiconduetet pher helaw @narsreptable levet ritiove thisfterperature there is
conponent. In any -9 sem conductor a portion of the
rapishiqoradation and: falluse o thehserainpmduictor dhips | Pae ey diffehamt . between
Thi s becones significant at currents greater than 100
thg medule,of the presest inventiopi andirsiar Al gompénarite s that the semiconductor
sem conductor. This heat nust be renoved to maintain
chinyis mefaliyroieally alfpsbeditaithe heef sink dhatde bemt dinktioeleatrically hot, and
bel ow an acceptable |evel. Above this tenperature
- thattbp et sink assemblis iy usket aparhntitheaircuitrg of thet lectronic device. In
sem conductor chip. One key difference between the
- CUFeAtiiE PEACtice serpicerdustorichips tah ba namudtast toan ededtrically insulating but
conponents is that the sem conductor chip is
thermally |Icopdvting Ipjate pf eathbe mayntede dinectly te ianlajr adoled hidat sink. In all
heat, sink is electrically hot, and that the heat sink
cages dfp Peans Gf dppunting dias” gfeaten celesiricali resigtivity antk lower thermal
el.ectronic device. I'n ~current art practice
°°§9‘|’ﬁt’é’6¥15}'@6‘t‘65‘h e Ryesend ipveation uMetad ﬁFQﬁ’ aghesivestgreasdsl and gels

areia Gggtli gg iinqgrfabcl('-lztmaterials 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/im¥K 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, IR 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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thermally conductive plate or can be nounted directly

to an air cooled heat sink. In all cases the neans of
nmounting has greater electrical resistivity and | ower
thermal conductivity than with the present invention.

Metal filled adhesives, greases, and gels are used as
interface materials when both electrical and thernal
conductivity is sought. Silver filled epoxies used

_for this purpose typically have an electrica
inweatian and, thusgraain, desult indimiteliensninHligwabimcyfrea  23C and

a thermal conductivity of |less than 10 WnK at 23C

The Pogwet thechief advantagasiof the prgsentinvestion igthatiitgreatlyseduces the
materials inplies that the rate of heat transfer from
spage reavired for thegpleatneais aamprnents tofuasian efficientiyt iTha hgatsink of the
hence that the current flow ng through the
pessanicigveniionaccamplishes thesameaiamaunt ek heatiirapsies asmsior art devices
maintain a |lower |evel of internal heat dissipation

haviag vasilydarges sizgcanshwelphlersquinements. tfetrpationtangine inverter module
those instances where the chips are bonded directly to
censtrusied scpprdingrie thepresent inventjon reguicasraniint % gf thaaarount of space
than 100 anps, |ZR heating will heat_the interface.
regyiredrby therinvgrier madulerofcHaant agtdevicgs < Fhaweighheldhe lvgrier module
wll result in greater interface heatiqg than with the
ofthe peasent inyentionyeaise grealin educaddeing-any 20% sfithat pthe current art.
limtations in allowable current. One of the chief _
Thigiramengeds erductien igrsdzacand waighbhlepdnto the edded benefit ehmalking the
reduces the space required for the electronic i
CRIBPRIISRE fAr degsoengnsive @nd enare dragticalto “spare’h dkat isitaistagk an entire
‘the present jinvention acconplishes the same anount of
coreeenant gioguler foptengiuse- art devices having vastly

| arger size and wei ght requirenents. A traction_engine

i nveinatier adyantage gh eprerepbiventionrisithalthegedyred pizesis compact

i nvention r%&]ﬁi res only 10% of the anount of space
a?s@aﬁixf ghtheysarmigondvgior camprarNis aliyys e tnbe gqunted closer to the

devi cgs. The wei ght of _the inverter nodul e .
devices they control or siipport. 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
tremendous reduction in size and weight |leads to the
added benefit of making the conponent 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
arcbaeves as oad of thengituitryt STHe! dinest attdshment sigaificantytréduces thermal
closer to the devices they control or support. This
anyl glactricalaesisiance Hetweentthe sbritghducddr ddntponeal akdtBS heat sink.
required for feedback and control systens. A still
f ur tSilir aredhvenachgatage dhtheppassent inventiont isOthathRé planar structure
enbodied as an inverter is that it utilizes the sane
achimved for theppoduls peiess iludance.t he el ectric notor of
the vehicle, thereby elimnating the necessity of a
vat dihese ahiirharyctijeots aAd sidvantagey bhie REYAN iRGALS wilhBecome
present invention is that it provides a nolybdenum
apparénd dethose skilledinahe attrinview of gLt thdBest presently known
sol dered. The chips of the conponent circuitry are
modrioft cagryitigrant tHeyinemtioi es desdribed hefeirt 4l dilist@itetkin the drawings.
thereby elimnating conponents and space
requi rements. One surface of the heat sink is
electrically hot, -11 and serves as part of the
BRIEFADESCRIPTION OF Tl DRAVINIGSENt significantly reduces
thermal and el ectrical resistance between the
senfFigoridsattop stlermeospective view df he inesater siodkle assémbled with IGBT
anot her advantage of the present invention is that the
meduleraands constriuoted acaaidingviedhé preseheinwadiohe reduces
i nduct ance. These and ot her objects and advant ages of
t he Figr @sehettam sidetpesspastive viewas tee 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 sectionat 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
carrying out the invention as described herein and as
illustrated in the drawi ngs. BRI EF DESCRI PTI ON OF THE

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

i nverter nodul e assenbled with I GBT nodul es and
constructed according to the present invention. Fig. 2
a bottom side perspective view of the inverter shown

i n FFig. 10is Fisgctiohal Vel of @id BéASiHROKBPS Sbbyf %lie?ﬁ‘ét@femdbodlment
the inverter showmn in Fig. | with a cover ate

of tre kageiRl Y. Fig. 4 is an expl oded perspect ive view
of the inverter showmn in Fig. 1. Fig. 5is a

per spigell 1 iea ¥étRimalk Rwdak oFith& pRIcBSES the fpréa%‘?lt RIVERESH,

invention. Fig. 6 is a perspective view 0
al ternate enbodi nent of the heat sink housing. Fig. 7
IS a perspective view of an alternate enbodi nent of

DETAILED DESOR{PTION OFOTHIMNVERTION Op surface renoved to
show the interior construction.” Fig. 8 is a sectional

Vi eViTheafreserttlirv@tidd R camStrirdliokio a n%duFé @at SorhrisBs an electncally
sectional view of the heat sink with a first I‘ter

cemduntiverisht Sihk tthat funbficisnad afl £RBtelemdmt & 9n él&thc%l Zircuit of
sectional view of the heat sink with a second

serhiconddter conmpofedt® Nhat apé nicbMuRficily altddhed th the Heht | bﬁk 2 The heat

schematic flow chart of the process of the present
sinkvesntésoas arDiTedtrlcaDbRESCRINTE | (R §ecl HiabhMENMT bPNemiconductor
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 aiso serves as an efectrical 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 serniconductors 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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The present invention is a construction of a nodule
that conprises an electrically conductive heat sink
that functions as an active elenent of an electrical
circuit of sem conductor conponents that are
nmetal lurgically.attached to the heat sink. The heat
sink serves as an electrical bus. Wile the direct
attachment of semnmi conductor conponents to, and the
active function of, the nodule is of great benefit in
a nuih beseendhaltheaverterd 0 comprisesiamextymattssinghi@that encloses
generate and / or transfer power, one specific
eots oftheingetterot. cThirvircent tdutrtut ganerbted by the inverter 10 is
constructed utilizing the nodule of the present

ageessed iabmultipleaoutpitl teooiohis dvhicty prateide fiim g ﬁhﬁférrﬁdﬂy' and are
traction notor. Six |GBT swtches and twel ve di odes

connectest ol ther ajitprst] brackets 44 hofdthe iiavestel der | Tige tcQrreACButput by the

_heat sink, which also serves as an electrical bus,

Inyeiders1 kserveshasithejoner sperce d@ driventHehteactie s ekl of the Vdificie.
3-phase inverter. Referring first to Figs. 1-4, one
enbottierheat trarsfertieidp candiag bil fromethe imaitoriof thevehiclgyestielsthe inverter
conpri sing sem conductors attached to a cool ed .

1@ theeugti 2 avolantsnlelysetyiahe exitsntia a caolanhoetiet port.1Thé olf fiaws through
electric traction notor. The inverter 10 uses oil as a

thedhaat tsinka sibe which| edoll. haviean IGRT switcH @ssenbiynIBahba@ded on a top
line with the oil-cooling systemof the notor of the ,

surtsice dhereok o EpblatiGBY saudtdh tasserably camigrisgs SisIGBT's and 12 fly-back
required. Because of its conpact design, the inverter

digdess The HeBhswitcheassemblyctd metaiunghallyrattavhed to thiedheat sink 16 is the
vehicle. -13 It can be seen that the inverter 10

medwp raf $hes presertyipwntian. Hbets ang sb2 sudtalGRMsWitehesssenitdy 18 / heat
conponents of the inverter 10. The current output

sigle ri8r modulepythethare utilised dn the inverteactbssBe aix IBBT inpidales are
output term nals which protrude fromthe inverter

ngeegsary deenable 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 sini( 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 inverter 10 serves as

the power source to drive the traction wheels of the
vehicle. 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 GBT switch assenbly 18 nounted on a top

sur f Hi® Centealody 224cservessas sumpuntingsmeans for dvenpiuralitg of output
six |1@BT's and 12 fly-back diodes. The I GBT switch
bracketsitdy The otei|bragkgisct arp simplnbeavy, electriballyeatudtivalelements
16 is the nodule of the present invention. There are
that seyadn conpsy theiquernLRredutsidfrang the inearter 18itaithel Gutput terminals.
nodul es that are utilized in the inverter 10. The siXx
Leass wirgsgiiprasthgr tactioa cwhesly ¢f the sebitiecarshihen rafforddeto e output
to provide 3-phase AC current as its output. A
tefmfs- t or bank 20 is included in the inverter to

provide a storage nechani smthat provides a pulsing

nearfn thsy upRes spiges efdhe bos 22he centpeidiar extebding upWard from a first
conprises a plurality of capacitors fixed side by
side ot thergantratipdy 324 cqempsisesn wpper portiemof aipokitit® bus 223. The
mpdul es and the capacitor bank 20 are nmounted on a
PosifiyeRuse@3Aleo epdondsdomnwarthfromtke genttat body230otoproddss a zontact
Plgnar central body 221 secured between two end
angp lerdhe sapacitppand; 20. | Acplprality ef caisedssantant pars extendingatpward from
sink 16 nodul es are mounted on an upper surface of the
the dtont sife 96 thy oeplraldiody 224 caiiprisred negative bugRed.c Apdurality of raised
bank 20 js nmounted on a | ower surface of the centra
¢ bags ing cemgr prriion of the centralcbady A2 gompaisg aputput connecter
b&?ﬁéﬁs as a nounting neans for the plurality of output

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
the current produced fromthe inverter 10 to the
output termnals. Lead wires fromthe traction wheels
of the vehicle are then affixed to the output
termnals. On the upper surface of the bus 22, a
contact bar extending upwar d fron1a first side of the

entr b ri ses portion of a
5o 1 2R shno B cusgn; Winebbie foses beSibeaiuenasof e bus
central baody 301 to provid
dng'ﬁ? 2@?9" 8‘5 IYEB? SWHED asspmbly 2/513 / Bﬁ?ﬂ@lf&@ﬁ ‘Aoﬁ!ﬂ'%ﬁr and the capacitor
b3 %6 sed contact bars extending upward from the
PP'& tabgassamiiedas apnorally frdchlanar plereents.i Thisconstrystion eeduces
bus ,224. Afplurallty of raised contact bars in a
theipevstanss: present & theravartaniPathersbualiowing dber}3BE switch assemblies
gutput connecter bus 225. The rai sed portions of bus
18de PB%’a?zG‘Ofez@@‘th whighoimprevesdhe ovgrall pademanice af the inverter 10.
channel s. Each of the nounting channels is
used ht":‘o' c%ﬁ"&hyasﬁﬁfﬂ?ﬁﬂest H ate affixedtodhg swfecef dbheatsink 16 by
/ heat sjink 16 nodul es, so that the six | GBT swt¢h
apLeGess U§ing pgmetall material khat melts duflew agioss and wieb adjpiningisurfaces
The positive bus 223 and the output connecter
o e “Sepmiconstictoss of tha IGHE sHEph Bsteiiariscemt tenbeat sinkk 46. One
r m;of three | GBT switch assenbly 18 / _heat sink 16
ditaat aceppplishes the, desited result issalderies. olibe dired @liachment of the
Qus, 225 form a second channel 227 that contains a

iRt I9h r'tﬁﬁt &It andicantly; reduses e dhergal pBelestricelresistance of the
ln?eﬁécn&& /| heat sink 16 npdules. The first row of .
ebyienapiing fhe Hysrteleyysian fa/handle MRee gustant (ascompared to

C
o ERT AR e iCoskavivatth RteRRIngr e avichss.  dIpvaBpment pbdhe present

m@gl%tlon ta%%h&i}ﬁ th%?&%tirllt\elsfacseetggg Porrhed 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 electronicl 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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-15 also in 1200 intervals, of the AC current. It
shoul d be noted that the structure of the bus device
22 allows the IGBT switch assenbly 18 / heat sink 16
nodul es and the capacitor bank 20 to be assenbl ed as
generally flat, planar elements. This cohstruction
reduces the inductance present in the inverter 10,
thereby allowing the 1 GBT switch assenblies 18 to
operate nore rapidly, which inproves the overal

ses BOTETNL 2000 ik DA BBInEEl dderalif bl DG Slire af the vehicle

assenblies 18 are affixed t e sur

. A i ] i tegjal that
u$mif:h]aﬁlsbiﬁstaﬁed9r@ﬁ@%ﬁmbﬂg\teaig J Fid bgo gﬁﬁ é&g:@rreg? The IGBT

melts to fl ow across ol ni N

e R eR o e i Bl ori ) YR S ERRInL e hel sinks 6.

Eaer of 81 Hed® dinks 18 iéé’llaglﬁéélﬂ%ot,ghﬁ inFe%Céﬁ [gaﬁ r£ ‘gt(cjtﬁrsre érgw}e{l%fé circuitry.

the chips to the heat sink Signitican

ot 5 he, _.interf .
" e Ta R ARG e (Rt SRS Cordhe baf s rSEfr%fﬁﬁi from nickel

. } ' W t it .
PR ver Rogederurt RIRARE & i An Rl e as lfcon. This

meBHE Mhdt ARe A0S QQ%%'{raw af tr{eh& iﬂg{) Bf Meai?ts?rf]eg ﬁc?rg%f% rrv%ﬁ el;]cggnd and

a volune electric resi stivi ess

CORtCOa @M%ﬁﬁdnﬁﬁ%%&%inﬁqﬁhg fn%?é?:ir Iﬁt?lgsagw} Sools. The

WVI< at 23C. Internms o rrcal ope

refdaifihg QUHSCEEUTIIREL s?r&r}%u%fﬁﬁtﬁqsﬁé ﬁ)&{{%ﬂ? g%rrrfe@ tae copper.

present invention IS I n nost way
eqUIRETE@RY dow BRibRY tPEikys CH) e Cai xceptiqn
i s that tge uppe!rfﬁ'l;,urfI geg?‘g?%eﬁé%ywt'%%og%&dgfa Rg'é'toq coolant

thedugliwvays 162 irebir ikeidry. RS thr .vJaz? :‘lgﬁ %g@? {n&fyd% 2N ofeSsection

circuitry. This allows the eli"mn

ori a8 Whpét MBePsiaé thedBoBindy b8 lS@?Pﬂ?ﬁP@va@%fﬁi Thy é‘.ip%n section

normal |y nounted, as the chips o the circurtry
alolys pheseRransfay il iMBRing" RtdBUREErdighRal 16293 éd?!? over into the

upper surface of the
interior of the housing 161, and engulf the heat transfer medium therein. The heat
transfer fluid fils 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 centra! body of the housing 161, the
housing 161 is sealed by a pair of end mahifolds 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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heat sinks. The inverter described herein as an
exanpl e enbodi nent of the present invention -16 uses
as its input a 600 volt DC 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
| BT switch assenblies 18 are nounted directly on an
upper surface of the heat sinks 16. Each of the heat
sinks 16 is electrically hot, and serves as part of
In the hovsing: 151" the divoughways) 162 aee retained, rhad thenbpsrsenface 165 is
the upper surface of the heat sink is fornmed from
sgparpte| from ther wainrhedy (ofl reuhgusing 161 tasliew inseitibaof the heat transfer
coefficient of thermal expansion as silicon. This
megdis 24.nHis emisianiedithatithe ubperrsanrfeceI65 Wil iehhpsnainting surface for
inverter circuitry will expand and contract a simlar
thersanreongiiicion sompenents ard willidieraforasbe: foemed frent molybderiuan. After
and cools. The renaining surfaces of the heat sink
thechesat trgnafer medism 2 iscinsered intonthe dpeoarintecppts3, the housing 161" is
Referring now chiefly to Figs. 5-7, the heat sinks 16
s¢aled biyjattaching the sbpeosirface 166hagain byassing sh@eisrof binaing material.
interiors. The throughways 162 each include an open
sectlhgrheabtiansier flyjsbentersitbe inveder thfevrs dtie ¢alant duiply port through
| ower inner wall 1621. The open section allows a heat
an paRRIfsYPPlY| sidedinket poiit i raughwayp openisy) o theupataink 162ftthe first in
spill over into the interior of the housing 161, and
linen BT switeh lagsembly atBsf deatheidk Uil triodpies nof dEvh dfcthe two rows of
transfer fluid fills the interior of the heat sink 16,
asgemblieonihe pecondsepply sidesiolet por (bfoughwae opening) of the first in line
t hroughway 162, and then out of the heat sink 16. Fig.
heat sinks aterGapegd.-aT e Brasghwaye hDel the fitst indine hiret dinkstars cofnected
housi ng 161. The housing conprises a central main
tordbeshrowighwayp 163 ohthierespndin lirgheahsinks, whicteare in tunsbanected 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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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
mani fol ds 164 are secured by using sheets of brazing
material to mnimze any added el ectrical resistance.
Figs. 6 and 7 illustrate an alternate enbodi nent of
t he heat sink housing 161'. -17 In the housing 161",
t he throughvvays 162 are retained, but the upper
- matar,fanddha bBal tsansfaroeditre 2dris empliurelityref silvepplaterf cdpper balls, The
housing 161" to allow insertion of the heat transfer
coppei balls224 are brazed toieach nttlrtdndttotthe willp&F the!hbaCsinkd 36 in a
will be the nmounting surface for the seniconductor
uniguerEsaembly prockssi The sptesrieaiahapdeof the bamrbrbyiass an excellent means
nmol ybdenum After the heat transfer nedium 24 is
of creating eontactifrom eachdyatii24iwithed ploralifl @B otHeh Ballk@asaritDwiltbthe interior
is sealed by attaching the upper surface 165, again
wallg ofiierigat siele heusirig 181aZThgcreates bisaberich e ahe@isfér palsindhe heat
fluid enters the inverter 10 fromthe cool ant supply
sinksr16. {The doytpatiecreatpe betweepltye 5alld @4inale smpodtt boundaries and are
(throughway opening) on the heat sink 16 of the first
relptively large. |REBT flowihrolghathe dabl transfr medimi issiritikal $6 that debris from
nodul es of each of the two rows of assenblies. The
themotmailsinesingt bechme trapredpinrthe {ntérion of thechousimgniety) of
the first in line heat sinks are capped. The
t hr Bafgrmingysow eifiefyf totfigs. Bi 115 the trealt sinles @ af theipnésentirention are
connected to the throughways 162 of the second in
formedeashipliowsi Thesdevivel ervisioredi for use witls then prisentt inventiohaequire a
t hroughways of the third in |ine heat sinks. The
healosinie d 6 ivdthsa pbraus anethllio iémalyalement 24that spives et hyat transfer
usi ng known rubber connectors. On the outlet end of ,
element. The heat tramsfer al¢raent@deallions fuidgomathroyghrpasgagedayishtaerein.
third in line heat sinks are open, and the upper
In hp erefaged ambodimept the porous heat transfer internal element 24 is formed from

a large plurality of metal balls bonded together to provide a plurality of fuid 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 convectivé heat transfer into the cooling

fluid,
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The heat transfer fluid thus enters each row of heat
sinks froman upper inlet side, flows through the
row, and flows out of the third in |ine heat sinks at
a lower outlet side. As the heat transfer fluid flows
t hrough and around the heat transfer nmedi um 24, heat
conveyed into the heat transfer nedium 24 fromthe
| GBBT switch assenblies 18 is renoved by the heat
transfer fluid. In the preferred enbodi ment, the heat
t r aMsis drefprred thatait denst ong soifacd of thelteat bmktﬂougmg 188 is formed
"notor, and the heat transfer nmedium?24 is a plurality
frop maiiybrienuml Aelgbdenppenasoakcbefficiaitcof therae bxpislon s%tlar to that
are brazed to each other and to the walls of the heat
of siliedes, siion narkideyandigallivn aesehide. TTHeETorR, fofMfgSH 'h%"st 6% surface
shape of the balls provides an excel |l ent neans
of the alvéat gsinto ritoarc tmdlytatenamc bildvad lthe? 4emiddndacter 'ébl%bbﬁéht@fof the
other balls 24 and with the interior walls of
elgetranicsienice twbes mognted Hiredilyi oh the arlybdleAurh $DFEdS tﬁlseﬁéat sink 16.
transfer path in the heat sinks 16. The fl ow paths
Therroalybdersm weentind) sutfadel $6524f hw%lmstﬁswﬁaﬁﬁéléﬁ%f thermal
and are relatively large. Free flow through the heat
expansitst similareiditha of silican; therefore; thé Basangiohraing &h@ﬁ&hoh*b?the heat
notor oil does not becone trapped in the interior
sinkimeounting isudackGaill bRsfnsitar thatomhe Biliedr subsPatei B the s'%'rﬁiéonductor
t he heat sinks 16 of the present invention are forned
chigs. Sirick bk eldhentddiié beateimkiradwiiag stidiice s atdithe ERE substrates,
present invention require a heat sink 16 with a
expandoand mentadti similat emoahtsedwimgnhedlidgt it coslingethedprodlems of
heat transfer elenent. The heat transfer elenment 24
delaminaionfof thecthipl foom threr mogitingasisface 165/ 6r éfhies ehip substratd &@cking
preferred enbodi nent, the porous heat transfer
ang hreakingl duel te mlmtnaQﬂbxlrQ wisarntad chmpomerit Heatsgddodlsas efintinated.
of nmetal balls bonded together to provide a plurality
of Ihlcudler tb bewupeeplisle 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. Nickel 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 interna! 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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The flow paths through the internal elenment 24 serve
as conductive paths to transfer heat fromthe
nounting surface 165, and to dissipate the heat into
the cooling fluid that flows through the interstices
around the balls 24. Thus the netal balls of the
internal elenment 24 nmust be in thermally conductive
contact with each other. The netal balls are
netal l urgi cally bonded together at the points of
sudfaprsaef the) hgat sipk frawsinge161opridrotoh assemity of ithve HeaBilsink 16 and
transfer fromone ball to another and a plurality of
copgcyrrent fAttaohmentinf the poroug imetalic medar 24 tethe intirne SOrfaéss of the
bal I's for convective heat transfer into the cooling
hent sinki housigg 161 by bpazérige 'Wieh s alectiblebSpobesyie used fd@aRs interior
of the heat sink housing 161 is fornmed from
of the! ydudingui®?, Ml o Sicpleumatterdo extend td proeddis tothd HREMEI side of the
expansion simlar to that of silicon, silicon
maumtiby derfacntbSyas Wikl rtherebe Blirdinating theadiéutr@de pedit Bro@ssa!
| east one surface of the heat sink from nol ybdenum
al | Alitmoughenalhdecomds edrp diffioaitpoosicie platd, tHelifventdrs GhVORIUA that
device to be nmounted directly on the nol ybdenum
a suitablacickef plating terebie piodlicetiton théhsourttiny Bdfade 6By HaghOcoating
surface 165 of heat sink 16 has a coefficient of
withlasr eledtroderpsityriocesss i Whilesthist ededttoabpadit rotdss anay also be used to
‘therefore, the expansion and contracti on of the heat
prepank theoalingri sugfases éfdbe components ofi the haat sink Kiduaingof6 1} ft@as been
silicon substrate of the sem conductor chips. Since
disgeretied by tes inyentohethat tite mating procedsi fog these fsadacdsois sigrdficantly
. the chip substrates, expand and contract simlar
Impiawerhby flashr coriing avithi angelestabless girporgs uiitmingpbarbhevikebf
del am nation of the chip fromthe nounting surface 165
or Adterfiagh egatipg emmatyhdanembody witingn elentdolbssetadcomgickeletheplated
thermal flexing when the conmponent heats and cools is
copponants e heated to 1436 - 1472°F for approximately one hour in a thermal

diffusion process. The thermat diffusion process may be performed in either a hydrogen
atmosphere or in a vacuum.

inthe 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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In order to be susceptible to receiving sol dered
conponents, as is a key elenent of the present
i nvention, the nol ybdenum nounting surface 165 of the
heat sink rnust . be nickel -plated. Nickel.plating of
both sides of the nounting surface 165 not only all ows
silicon chips to be soldered with | ead contai ning or
| ead-free solders to the external side of nounting
surface 165, but also provides an inproved bonding
traggfer Jnediym ofi fhe iptesier Hgat {sansfers slement! 2¢ ds onslructedidy packing
orous netallic heat transfer nedia to the internal
fe'gWPéY smallnwifermivesizas metadiclibais dagether ipdthp lintedon dfcthe heat sink
assenbly of the heat sink 16. El ectrodeposited nickel
hogsipg 183 It Has been doundt by the invanters thatballs having ardiameter between
surface_ 165 on to which the el ectronic conponents are
0.9%ansk0.48 linsbrasel optimale The ballst mustdetmnded tueathinthertand to the heat
_inventors that an el ectrol ess process is optimal to
sinsr bprsing, 16l ckEhe dload ecantast | arearmuest be 20ffisianttyadarge db allow for
the heat sink housing 161 prior to assenbly of the
copdugtion iohieat @nd glectrisiin framitbe mogntingsturtane 165 inthhendtiwaughout the
metallic nedia 24 to the internal surfaces of the
poruigtmetahieat Yansfagelement 24bThe medallugical banding betweendiss balls is
rocess is used for the interior of the housing 161,
acﬁl?\f%baaplgtlﬁqome batlg with sufcientivolvmnet of @ Ysazing sompeundies that during
external side of the nounting surface 165 as well,
a bragingexelep puficiant velpmeef liguidds pradugrskiotalipy svedting. at contact points
Al t hough nol ybdenumis very difficult to nickel plate,
betwgen; the dslier Thin inceeasgaioe shatof the sandustive haatckensfer paths and
plating can be produced on the nounting surface 165 by
MipiMizas tg%’&lﬂ'ﬁgd ctrisabiesistaneer odeposit process. Wile
this el?ctrodeposit process may al so be used to

pr b ahld he clsehibat wapy difiecens matarialscangshaees arpbe ehgsen for the
. dhe t ?ii nk hr?f,ZSi n% 161, it has been discovered by the
n gWﬂfﬁaﬁ ERSTRIRE PRUAATDS iyfemabelegent ot (Hinayes iprthe eferred
err{bsod%e%rt].laf (I:é:p%QF LXII 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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i mproved by flash coating with an el ectrol ess process
utilizing boron-nickel. After flash coating a
nol ybdenum body with an el ectrol ess boron-nickel, the
pl ated conponent's are heated to 1436 - 1472F for
approxi mately one hour in a thermal diffusion
process. The thermal diffusion process nay be
performed in either a hydrogen atnnsphere or in a
red enbodi nt of

.Vﬁﬁeﬁmpsﬁf a@swﬁ@%ﬁfa&g@ Sarnouare uaed ' 5abd ae palis fogether.
ink 16 i.s f as, a uIar encl osure
%CS'C&P@?f-%*rer aﬂ%mgrosnge%% br3f Pircrsiver gris.the oopper e

wi de by IS envi SI oned
a"Phlbe" (BRI PEOGeRSIng f%ﬂgtanh%agwsto SotiReLiPe Rlogersamount of
of, el ectroni c conponents ma |i zed, accordin .
liqpefagtipa. r'@dﬁ? pester] e@PO@ﬁ@e( ﬁh%b@imm@&@nam by glegtredrpositing
of fhe heat sink will vary accordingly.
@h&g{ ?eq ieh dhicke aperontr it sitygr ante the cappst b?'h’vent i on,

t he heat . -21 transfer nediumof th
 nt BfE, Beﬁsﬂfhe\@méﬂw e ihoy;aednEgsiiseH e &1 Bigrior of the
cki rel smal L, uniformy sized netallic
heﬁ 'F'gn&bﬁf& P@f Y62 it 161 Hhed sogdred Heatbr%awfme With an
ﬁ_ . tb has been found c}( the inventors th
aPB%ﬂPr'gte %Hfﬁgtha fRZingtearthee el ibe indiidyst baligjolth worqﬁ@nneta' heat
are optinmal. The balls nust be bonded to each ot her
walH/gr Elees dndathe SeaiRg RSP AT kst i comn eperomed
ar ea b ufficient | ar allo
coptiEROlY ihe Sooping, the 'éﬁ@ ew@dwf%ﬁwﬁwéamnﬁcﬁ@s
oughout the porous netal heat

flrjgf alﬁ%at]tg gh@ﬁ‘tozsa%“t d™et al | urgi cal bondi ng bet ween
tszft?)lb'g%’lgﬁ 1\8/%? gﬁb Ef oa2€¥rﬁ|§: ﬁ;l ggrr;)gﬁngalslost \rl:ﬁa: hdur i ng
c) Heat to 1400 x 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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a brazing cycle a sufficient volunme of liquidis

produced to allow wetting at contact points between

the balls. This increases the size of the conductive

heat transfer paths and mnimzes thermal. and

el ectrical resistance. It should be clear that many

different materials and shapes can be chosen for the

i ndi vi dual heat transfer nedia of the internal elenent

24. However, in the preferred enbodinent, a cop
of gseeptalle yagancesiien fint wilb yangracserdingstodhe spacifie pppfqaéono If the

hydrogen enbrittlenent, the conposition of the balls
bf%‘ﬂ%& P‘I?ée%w%theéaowl"ﬁlsqu Y15 efifee hagtrsinl 16 outside acceptable

processi ng required during the brazing process. In the
tolgranees, addtioRRRIPeASSINg i Feadire’s  ( Oxygen Free High

Cbnduct|V|ty) copper alloy ball is utilized. The

nus T he datneseolithe sopinting & L] %@‘%P%éﬂkﬂ%%ﬁm% J ¢qﬁored by

t he brazing ocess. For this reason,
machifiRg andire- ylagmhpzfyrfe% olbpas alsaibesn aﬁ@wqre%that flattening of the

chemcally mlled to renove a significant anount of
moutiag suifager HHf ¢ancbesagopaplishet byrecqiaing procepne The gplaimggirocess

mat eri al renpval necessary is defined by the condition
simply inyalvgs apglying hl%pfg%@é: the Jwuging &@ﬁ@l Jfarming process) until the

eutectic brazing conpound is used to bond the balls
suffacroisrRepught witbinsagceplaple flatase imits| ver alloy is

produced by first plating silver onto the copper

baIIs and then thermally processing the resultant

trix to achieve the proper anount of |iquefaction.

A'-lTERtN‘?é"EpEUIBQQ %f‘gﬁ)odl ment, the balls are pr epar ed by

el ectrodeposi ti 0005 to0.0.001Q .inch thj

of GgFI S ahe dBriiets qﬂﬁ@%ﬁfﬁew'w&mssof thg meth %@Sfdaﬁydshem'"

Thle%gmgg\?gﬁrutﬂ}(égh rl:eat;f?r(ljatenal eXndalragncaQnton (r)nde edd uslerc]ittg 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 metat block, such
as a copper block, with a plurality of throughways or channels 28 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 fabric 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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heat sink housing 161. The housing 161 is then secured
in a brazing fixture. Wth an appropriate fixture,
the brazing together of the individual balls of the
porous netal heat transfer elenent and the sealing of
the heat sink housing 161 can be perforned
concurrently. The following thermal cycling is used
during the brazing process: a) Heat to 1000 25 F in
b) Hold at 1000 25 F for 20 min. <c) Heat to
W’l'ﬁ Getalnm theitpachingaiofithe iayention.d Aacordingly, themabBvé discloBure should
e) Heat to 1500 10 Fin 5 mn. f) Hold at 1500
bel@“ﬁt"# ag imitgchonly by thes restrintion® of theaappeddd cldine.
resultant heat sink is then ready for installation of
the el ectronic conponents. Because one surface of the
heat sink 16 is used as a nounting surface for the
component circuitry, that surface nust be relatively
flat, and will typically be forned from nolybdenum
Occasional ly 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 anount
-23 of acceptable variance fromflat will vary X
according to the specific application. If the brazing
process takes the nounting surface 165 of the heat
sink 16 outside acceptable tolerances, additiona
processing is required. The flatness of the nounting
surface 165 of the heat sink 16 can be restored by



machi ning and re-plating the surface. It has al so been

di scovered that flattening of the nounting surface

165 can be acconplished by a coining process. The

coi ning process - sinply involves applying high

"~ pressure to the housing (a cold formng process) until

the surface is brought within acceptable flatness

limts. ALTERNATE EMBODI MENTS Figs. 9 and 10

illustrate alternate enbodi nents of the nethod

di scl osed herein. The alterrf@b4IM8 are the choice of

materi als and fabrication nmethod used to manufacture
thevﬁﬁﬁ%ﬁs netallic heat transfer element 24. Fig. 9
|IIustrates a first alternate enbodi nent 24' that

ut i 1 zesA Brogess £ ferming a hspisinkgempidsiger f oam or a net al

bl ock, such as a copper block, with a plurality of

t hr oughvillys BIRURBEHEIIOF andipterier camagRents 96D Effahsmlw-@lsma tyith a layer of
|IIu? rates a second al ternate enbodi nent

conf ﬁhFﬁ?Pﬂn of the heat sink 24" that utilizes a

net al ric such as er, wogl., or copper felt. The

pr oceSS| g ofssbf' frang %PEE"F‘HW&&S‘%MF‘H% COPARATERHIY i@ Arermal diffusion
the netal fabric has inherent throughways fornmed in

t hePW&™ri al . The above disclosure is not intended as
[imting. Tho Skl art wi.ll readily .
obser ve Phat PRING BEET P Ldrrah e i BEb.aHmuhypys theren
t he V|ce -24 while retaining the

teacﬂ ah’ (ga%ﬁwndﬁg%n t'1 on. Accordingly, t he above

di scl OS ?ln?ﬁltp%te%l%p raen dn a%smtcl:rllorpﬁgsa& tl\%ik%usmg,

restri Ct I ons (0] e appen
e) securing said heat sink housing in a brazing fixture, and
f) thermally processing said heat sink housing and said internai element, such

that

said second material layer and a surface metal material of said internal element
liquefy to form a bond between adjacent components of said internal element and to any
contacting surfaces of said heat sink housing, and to form a bond between the adjacent

components of said heat sink housing.

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
about sixty minutes,

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

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

conprising: a) plating exterior and interior

conmponents of a heat sink housing with a layer of a

first material, b) subjecting said plated heat sink

housi ng conponents to a thermal diffusion process, c)
plating a netallic internal elenent having a plurality

of throughways therein wth a |layer of a second

material, d) placing said internal element in an .
i nterior®)of Bestiag seikheatsithhongngind gaid insgmal gleentie 1,400 F + 15 °F in
heat. sink housing in a brazing fixture, and f)

t hethiedt ity j#igesssi ng sai d heat sink housing and said
internal elenment, such that said second nmateri al

| ayer arfd a belfingead heat sk haysingiand sud induna elemertrah 31400 °F + 15 °F
el enent liquefy to forma bond between adj acent

confPE AR GVeBl miltes, | nt er nal el enent and to any
contacti gg surfaces, of said heat sink hoysjn

Nk ,.and t¢ om <
forma Bdnd BeEfifewH heatrmidiosnrsnd spig migpe fiog! 50 Lapy’F + 10 °F in
heat, si pk housing. 2. The process of claiml wherein:
sai LR PP} ocessi ng conprises; a) heating said
heat si housi.ng and sajd.internal .element . to 1 o o
Gt o5 e HRE 0 el B e ss G glergh 00 °F + 10 °F
hea}oég %létegpnlilnsuiter;gangnd said internal elenent at 1,000
OF

g)

furnace cooling said heat sink housing and said internal element to about

500°F.

3. The process of claim 42 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 42 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 a temperature in the range of about

1436 to about 1472°F,

6. The process of claim 5 wherein:
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for about twenty minutes, -26 c) heating said heat
sink housing and said internal elenent to 1,400 OF 115
OF in about thirty mnutes, d) holding said heat sink
housi ng and said internal elenment at 1,400 OF 15 OF
for about twenty minutes, e) heating said heat sink
housing and said internal elenment to 1,500 OF 10 COF
in about five mnutes, f) holding said heat sink
housi ng and said internal elenent at 1,500 OF 10 OF

f or aboueiditkeamaldffitson is perfgrmepd in @ hyslaessn eowkiba. sai d
heat sink housing and said internal elenent to about
500F. 3. The process of claim42 wherein: nicke
plating of said exterior and interior surfaces of said
heaf- si nieREgesspfclpian 5 wheenpl | shed by an

el ectrodeposit process. 4. The process of claim42
wher ei n:saidithepapl diffusion igpedfprmediinia eepwiri or and i nteri or
surfaces of said heat sink housing is acconplished by
an el ectrol ess process. 5. The process of claiml
wherein: _said thermal djffusion process is perforned
at t eripEPECess of §1pm lkhereipige of about 1436 to about
1472F.

said internal element comprises copper.

9. The process of claim 42 wherein:

said internal element is chemically milled prior to silver plating.

10.  The process of claim 42 wherein:

said silver plating process deposits a layer of dull silver of about 0.0005 to about

0.0010 inch thick on said intemal element.

11,  The process of claim 1 wherein:

end manifolds of said heat sink housing are secured to a main body of a 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.

13, The process of claim 1 wherein:
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6. The process of claim5 wherein: -27 said thermal

diffusion is perforned in a hydrogen atnosphere. 7.

The process of claim5 wherein: said thermal diffusion

is perforned in a vacuum 8. The process of claiml

wherein: said internal el enent conprises copper. 9.

The process of claim42 wherein: said internal el enent

is chemcally mlled prior to silver plating. 10. The
process of claim42 wherein: said silver plating )
process Hepwunting syrfacgynk said thea sink is is¢oyred top radimbiedy of said heat sink
0.0005 to about 0.0010 inch thick on said interna

el ehpiing dyaneg seifdhesme) peacessise. cl ai m 1 wherei n: end

mani f ol ds of said heat sink housing are secured to a

mai n body of a said heat sink housing during said

t her mal rocessinq” 12. The process of claim8
mheﬂ%infﬁ§é¥ﬁ*§ﬁ8°ﬁﬁhﬂ¥%W%ﬁﬁof sai d heat sink housing

are secured to said mainh body of said  heat sink . )
housi ng PHrBUGHRE Fefacrd seif hett sk hgusingdig secured to said main body of said
progess of claim1l erein: -28 the nounting surface

of g?i 8“‘?1%%‘?1% fueh \ggé'é"c‘lfjr?’&?mﬁdh%?t'nai n body of said

heat sink

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 comprise copper.

18.  The process of claim 16 wherein:

said metal balls are chemically milled prior to plating.
19.  The process of claim 1 wherein:

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

machined therein.
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housi ng during said thermal processing. 14. The
process of claim 10 wherein: said nounting surface of
said heat sink housing is secured to said nmain body of
said heat sink housing through the use of brazing
sheet. 15. The process of claim| wherein: a nounting
surface of said heat sink housing is secured to a nain
body of said heat sink housing during said thermnal
processing. 16. The process of claim1l wherein: said

i nt &nal ThePErsessOf eleipl Vaseainia plural ity of netal balls.
17. The praocess of claim16 wherein: said netal balls
conpri se&aKdppapl elemept compasey s FEBLOBf | ai m 16 wher ei n:
said netal balls are chemcally mlled prior to
plating. 19. The process of claim| wherein: said
intfgnal el ement conprises a netallic block with said
pl ufal i tiredrocesiebelymayRereifrachi ned t herein. -29 20.
The process of c;ain11 wherein: said internal elenent
conpri s&dddntpplslemeptcomprises a meRlwpelocess of claim 1

wherein: said internal elenent conprises a netal 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 comprises molybdenum.

24. A process for forming a heat sink comprising:

a) nickel plating at Jeast one exterior or interior surface of a heat sink housing

having a plurality of throughways therein,

b) subjecting molybdeﬁum 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

of said internal element,
d) placing said internal element in an interior of said heat sink housing,

e) securing said heat sink housing in a brazing fixture,

H heating said heat sink housing and said internal element to 1,000 °F £25 °F in

about sixty minutes,
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22. The process of claim1l wherein: said internal

el ement conprises a netal felt. 23. The process of

claim1 wherein: at |east one surface of said housing

conpri ses nol ybdenum 24. A process for formng a

heat sink conprising: a) nickel plating at |east one
exterior or interior surface of a heat sink housing

having.a plurality of throughways therein, b)

subj ecti ng I‘y denum conpgnents of said nickel

heat si MR hol¥PRg stig heal sik dppsing ﬂ‘ﬂﬁf‘éé‘?‘%ﬂﬁie&@@s%w@? % 225 F
si | }ezer (g_‘l %i ng .an internal elenent so that a silver
Iayci’P PREYOYH an exterior of saidinternal

el emsnt, | acin aid internal elenment in

interi or E%ﬁ“&g f‘?g‘b catsinlhoyRing prdgpaid “é?milékﬂ’fef“ﬁ@ 1480 + 15 °Fin
heat s k hou5| ng in a brazing fixture, f) heating

sai a'”ﬁ FYRREH ous| ng and said internal elenment to

1,000 F. 5 F hol di

sal d heat si n{’gg’ﬁ% ?ﬁ&ﬂt gwgthg'éﬁ%nﬁu F@F Hﬁ?m%%igﬂigﬁ&at ét“go °F + 15 °F
g’ﬁ %tv%gtﬁ' for about twenty ninutes, h) heating

sal

1?" iy ng and said internal elenment to

1,400 F 15
sai d hea{él sin hﬁ%ﬁ?"%}sm (I}mg%{l am"d%f%tg%igpal@}egﬁ’ét ??’g?ﬂ F£10°Fin
1, 4%ugi:ve n:hﬁutg,:

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

D furnace cooling said heat sink housing and said iﬁtemal element to about 500
°F; such that

said silver layer and a surface copper material of said internal element liquefy 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.

25.  The process of claim 24 wherein:

nickel plating of exterior surfaces of said heat sink housing is accomplished by an

electrodeposit process.

26.  The process of claim 24 wherein:

nickel plating of exterior surfaces of said heat sink housing is accomplished by an

electroless process.
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for about twenty mnutes, j) heating said heat sink
housing and said internal elenment to 1,500 OF 10 COF
in about five mnutes, k) holding said heat sink
housi ng and said internal elenment at 1,500 OF f 10 OF
for about ten mnutes, and 1) furnace cooling said
heat sink housing and said internal elenent to about
500 F; such that said silver layer and a surface
copper material of said internal elenent |liquefy to
form a bond with adjacent conponents of said interna

el epent _and to aﬁx.cgghgftlng surfaces of said heat
si nk’* housF R 8 At Y™ %8 ween t he adj acent

conmponent.s of sai.g heat sink ousi.ng i.s fornmed. 25.

e oo Bl s b G O O &1 SRt U sange of about
extﬁﬁk JaSH{Eﬁfﬁs of said heat sink housing is

acconplished by an el ectrodeposit process. 26. The

process of claim 24 wherein: nickel plating of

exterior surfaces of said heat sink housing is

acqﬂpplhﬂgng%¥o %mgﬁgﬁkk%hess process. -31 27. The

process o m erein’ said thermal diffusion

éhgﬁl[iéf] q fﬁ?ﬁn %ﬁ)ﬁ%&f&n%gpnez{ l%rtdlli!)rggn Aulgxostpneere.r ange of

t o about

process ..
about 14

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 chemically milled prior {o silver plating.

32.  The process of claim 30 wherein:

said metal balls are made of copper.
33.  The process of claim 30 wherein:

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

on said copper balls.
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28. The process of claim 27 wherein: said thermal
diffusion is perforned in a hydrogen atnosphere. 29.
The process of claim27 wherein: said thernal
diffusion is performed in a vacuum 30. The process
of claim24 wherein: said internal el enent conprises a
plurality of netal balls. 31. The process of claim 30
wherein: said nmetal balls are chemcally mlled prior
to gj Ivelnhggl at i n?. . 32. The process of claim 30

whet &i n: PERIGeSel dpimgd wherellf o ade of copper. 33. The
process of .claim 30 wherejn: said silver plating.
process “HagBEmekelemnt compnises g pefallis;blerk with sargopjurgligy of throughways

0. Or%%é?uleg h thick on said copper balls. -32 34. The
pr oCesy 6™ i m 24 wherein: said internal el enent

conprises a netallic block wwth said plurality of
t hroughways nmachi ned therein. 35. The process of

cl aidn 24, wherein. .sai.d i.nternal element conprises a
rret%' fgl}hﬁ?roc?sséf)fcfﬂ'é' Zgrwd’grggh of claim 24 wherein: said

I nter nalsai§ lin%.['gﬂtelecmgxmgrlngr?s%s éa mgg} f%lrm.vvoo' )

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:
end manifolds of said heat sink housing are secured to a main body of said heat sink

housing during said thermal processing.

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.
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37. The process of claim?24 wherein: said interna

el ement conprises a netal felt. 38. The process of
claim 24 wherein: end mani folds of said heat sink
housi ng are secured to a main body of said heat sink
housi ng during said thermal processing. 39. The
process of claim38 wherein: said end mani fol ds of
said heat sink housing are secured to said nain body
of said heat sink housing through the use of brazing
sheet. 40. The process of claim 24 wherein: a nounting
surf?ce f said heat housing is secured to a main
body "of ipﬁo‘:ﬁﬁ °1a'§?‘f1qxnlff6ed'§| ng during said ther rral

proceSS|n The cess. of ¢laim40 where

sai d nou# ‘i;““ ’Eﬁ?“é%‘ SE‘EE‘F‘H g’f’“%ffgﬁ& SYGHGH ‘hij“q %‘am body of said
sec of . sa heat sink housi ng

t hr g‘%fg%“‘fﬁ usm %"Igh@}eé'f? d’m§H’§é{mt‘42. The process of

claim1, mhereln said first material conprises nicke
and said second material conprises silver. -34

42, The process of claim 1, wherein said first material comprises nickel and said second

material comprises silver.
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