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WD 2006/ 068803 PCT/ US2005/ 043632 ELECTRI CAL PONER CONNECTOR FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to electrical connectors that
i ncl ude power contacts and thermally conductive structural elenments in

cl ose proXPAMNIsHI%Bh t he power contacts for sinking heZCTARAPSOIPAR t he
contacts. BACKGROUND OF THE | NVENTI ON [ 0002] Power connectors, by their
functional nature, produce heat. Typical materials used in nost existing
connector housing designs are thernmally insulative, and thus, hold in heat,
allowing it to build up inside the connector. One approach for inproving
heat di ssipation has been to core out the housing as nuch as possible to
allow clearance around the contacts within the housing in hopes of

i nprovi ng convective heat . , ir is a poor
conductor of heat, and Iocﬁ#%@ﬁ@%&yﬁk&ambgt on a custoner's
application. SUMMARY OF | LLUSTRATI VE EMBCODI MENTS [ 0003] The invention
i ncl udes both plug and receptacl e power connectors. In sone of the
enbodi ments, the housing of at |east one of the plug and receptacle
connectors includes thermally conductive material in regions proximte
contacts r AELDNORTHEANVENTION Kk heat away fromthe contacts. Both mating
connectors can z%iy hermal |y conductive materials in their housin

ct

structure. The &Yt H{_Bst?& yenhapR relales 10 plestrigal compectpisdhat ipgt POMFaN t he
thermal I'y %9&9&9%%%&6%5@ F«fi%/duglﬁ% %ﬁﬂﬁre‘?%m l&eintcw{erﬁbh}ﬁ?ﬁ?ig?ﬁﬁ@bb%

material may res genera out the housing struc
Al t er nat i vebstacts fdresittifieg hedtlayay fioduihticomtactat eri al may be sel ectively placed
at | ocations such as |locations proximte the heat generating contacts.

[0006T _Cne ARE s P AEACHVESHTblY, condctive material proximte the
T ore that ol e B By TR Camner
i ncl udes emptariplsged is apat atisting conflectd HRIGE AESRBIArPElRMISRY GisuRd 86 3Rd
thus, hold in heat, allowing it to build up inside the connector. One approach for
improving heat dissipation has been to core out the housing as much as possible to allow
clearance around the contacts within the housing in hopes of improving convective heat
transfer. However, stagnant air is a poor conductor of heat, and localized forced air is

dependent on a customer’s application.

SUMMARY OF ILLUSTRATIVE EMBODIMENTS

{0003] The invention includes both plug and receptacle power connectors. In
some of the embodiments, the housing of at least one of the plug and receptacle connectors
includes thermally conductive material in regions proximate contacts residing therein to
sink heat away from the contacts. Both mating connectors can employ thermally
conductive materials in their housing structure. The connector housing may also include
materials other than the thermally conductive material. Furthermore, the thermally
conductive material may reside generally throughout the housing structure. Alternatively,
the thermally-conductive material may be selectively placed at locations such as locations
proximate the heat generating contacts.

[0004] One manner of providing thermally conductive material proximate the
power contacts is by forming the housing structure out of such material; for example,
injection moldable thermoplastic materials including additives or fillers that render the

cured polymer thermally conductive. Another manner includes employing a separately
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formed heat dissipation nenber that can be coupled to either the housing
structure surrounding the power contacts or to the contacts thensel ves. For
exanple, a clip, mde out of thermally conductive material, can be added to
a power SYNRWEN6888Hhd t he contact be inserted into the ROUYPHYS/04E632 east a
portion of the clip is preferably exposed to the exterior of the connector
housi ng, so that heat conductively transferred fromthe contact can

subsequenfobyiedRed: ARBIPRAET ﬁém%\é@ma{ éﬁmetdaﬁ%@@w bifhe? Y IRALRL sitheufONvect i on.
The connector housing may be made fromthermally insul atlve or conductive

mat er i al ssurmounding thti pasver sonthets or to e santacte ﬂa,enfsglvndeWe@tanmiesgucmtmm menber

| ed_t h t t tact f d
embodi e oG ePHRY FendBit v raleRel ot TR o ARRRT Sk b Bler L Ge " | e
body menbigsstediftotRPhONsETE. A18ast &lpftion&Ifihd Glipds p%félfaBgeex@l’)@ﬂ tefhe t hese
contacts help facilitate heat transfer to the surrounding thermally

conduct i vextérouoif ﬂ@ compeator housingt mmaﬁmm«zowumm trMW@rdsfr@a rhhee@mact y be

| d t t \Yo}
Cvent | orfbahbisauenl et ey B e At RN G OO e Bifhect or .
BRI EF DESGRhEE Té)l%ugﬁ g iy B Ao ARG G al 15 i R vé oi‘ %oﬁ’dlfcﬁ%‘ﬁlaféﬁﬁﬁﬁﬁm ive view

of an exenplary plug connector in accordance with the present invention.

[ 0007] Fi tgnbo&inﬁents v erespseppatedy fartried diesti dissipafion h@nﬁieugs @wpled o boustkdwn i n
Fi gure 0008],Figqure 3.is a perspective view of an exenplary receptacle
connector ugs, P gVeE‘FPé’t*}??esent i nvention. [0009] Figure 4 is a partial

per spective V'[@UOS]f Hﬂﬁeﬁf‘r@ﬁ%%%Mﬂ%ﬁﬁ@ﬂ%ﬁ&ﬁnveﬁﬁbﬂ%o%? 8shtyétd h one
preferred receptacle connector. [0010] Figure 5 is a front perspective view

of anot henclesiegplae-ike bedy memdbkers aco ampoyed. 'Humlaﬂwdlydyrgeherfmwof

i nventio 0011 a.re S ectl ew ferred power

cont act QHEJCWQHE&L“&%C&’S{?‘ qt%ﬁ %%r @L}% %’?ﬁffgl]y CPF‘B—]}FIEe OYSdNE front

Prg Lts)grec"s Lx%gcgfs{dge‘@)tgér PRk bektaRrRERRE 8L SN b Q:%Rs%d vAttdu1BAkatinSSi pation
Moreover, the principles of the present invention can be applied to both single and

multiple-contact connectors.

BRIEF DESCRIPTION OF THE FIGURES
[0006] Figure 1 is a front perspective view of an exemplary plug connector in
accordance with the present invention.

[0007] Figure 2 is a rear perspective view of the plug connector shown in Figure

[0008] Figure 3 is a perspective view of an exemplary receptacle connector
provided by the present invention.

[0009] Figure 4 is a partial perspective view of one preferred plug connector
being mated with one preferred receptacle connector.

[0010] Figure 5 is a front perspective view of another exemplary electrical
connector provided by the present invention.

[0011] Figure 6 is a rear perspective view of a preferred power contact and heat
dissipation member subassembly.

[0012] Figure 7 is a front perspective view of another preferred power contact
and heat dissipation member subassembly.

[0013] Figure 8 is rear view of an exemplary electrical connector including a heat

dissipation member and multiple heat transfer pathways.
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a heat dissipation nenber and nmultiple heat transfer pathways. -2 WO

2006/ 068803 PCT/ US2005/ 043632 [0014] Figure 9 is a rear perspective view of
an el ect WQa00696888&ct or provi ded by the present invent PORUSE@®SAS3Fi gure 10
Is a front perspective view of a third preferred power contact and heat

di ssi pati on nenber subassenbly. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE

EMBCDI MENTS [ 0@9$4] Reifoefednize refr peasiRclive Fibw Of @8 elecBicahesmaidior preeide@diyur es
are labeled with T1ike reference characters. An exenplary power plug

connect orthg presentdmesationn Figures 1 and 2, including a housing 20, a contact

pocket 21, and@@}. | ug. conlgjii%éi o%é%ie% gcﬁiggviewgfz%%?dipg%*edBo‘g%cég)ﬁﬁ c 1. Plug

contact 30 is ne a 'Tke ers 4. As

shown, plaaidarehi diSsipaidn nigpihe sebakderably. 34 are not connected to each other;
however, alternative enbodi nents may include a connecting nenber. A

plurality of beans 40 extend froma front edge of each of body nenbers 32
Bnd 34 { PESATLEINDESCRIZIION: OFIdHy BRA TTBEKMB@DIMENES bul b- shaped

di stal end 42 defdin e i . e < ar, .L£ont act
with a corres p@ﬁg@ngﬁ&&%ﬁ% %c?g&ec{éﬁilég? > P—%@?ﬁ%ﬁﬁ%{% f?ﬁlg(r% %}eggﬁf‘lﬁ)&mj‘gle ge of

each of plietreferddes chatiterde MapsEnplarg pdwarplug cénr¥ctvraloiié $hovin intRigirenal s 44

for engaging a printed circuit board. Contacts having configurations
di f f er entandt insluding a beusing 2&in centpet prckeiddd anda abieoroatast 20 dispesedhe present

[ tion,.[.0017] .R ' ' f f plate+ljke.bod b 32
and 54 aruobgRiell B RRRer ol o Prig¥ifle? 3 sHERReCty BB R U ARG a1
i ncl udes g, | As sHoRndpiatd-Nee Badyahémbers 3P ahd13h aftesdt co@itcied tb eadhsdtRérf ed
away fromthe contact itself. In “preferred enbodinents, the thermally

conduct i \iowexer rlternativecsnubsimants meayrintlhde a emgetingmember nvplugglity of Such

t her nopl gsti csn.ar rrent.l y, ayail.abl.e f,raqm Pol.yOng, Co Cool . Pol yners,
NP Eng! reap 39 Hsfenl Hiopta ol A4S or Moot ony risreder 52 R R fos Posusies ®

ther nopl agddpeatie GHtack.CHERNS ¥0 hMRSEMIID-3RApel Andd]le¥id U qHatidBfikd\@ehred i Oni CS.

I ndustry, are good insulators, fillers or additives can be conpounded wth

exi st i ng epgagemprut grearof theaplyg contasiivatisg cdriegpinding secepthclp odnfasss Extendihg

POl yest er ) i PokBBAdze bP S pTARTHE body m¥inb&T33%nd 34 is a plurality of
terminals 44 for engaging a printed circuit board. Contacts having configurations different
than that shown can also be used in accordance with the present invention.

[0017] Respective inner surfaces of plate-like body members 32 and 34 are
positioned flush against a wall 22 of pocket 21 that preferably includes thermally
conductive material, so that heat can be transferred away from the contact itself. In
preferred embodiments, the thermally conductive material includes a thermally conductive
thermoplastic. Such thermoplastics are currently available from PolyOne Corp., Cool
Polymers, LNP Engineering Plastics, TRP Co., and Ticona Corp. Although most
thermoplastics, particularly those traditionally used in the electronics industry, are good
insulators, fillers or additives can be compounded with existing base polymers (e.g.,
nylons, liquid crystal polymers, and polyesters) to impart thermal conductivity. Among
the most commonly used heat-conductive additives are graphite carbon fibers; carbon
power; metallic fillers such as copper powder, steel, aluminum power, and aluminum
flake; and ceramic fillers such as aluminum nitride and boron nitride. Thermally
conductive polymers can be produced in either electrically or non-electrically conductive

grades, either of which may be used in a connector application of the present invention.



the nost comonly used heat-conductive additives are graphite carbon fibers;
carbon power; netallic fillers such as copper powder, steel, alum num
power, and alum num flake; and ceramc fillers such as alum numnitride and
boron ni WO aW6/0§8883 nml |y conductive pol yners can be prBEGESDO5P43632 her

el ectrically or non-electrically conductive grades, either of which may be
used in a connector application of the present invention. -3 WO 2006/ 068803
PCT/ US2005/ 0439828] [ DPRuLBErmIAIE; ddtahsmlelnvate@d @ug havea thefreilicdhdeaiithave a

t hermal conducti vi tf/ of approxi n@tell)/ 1.2 WmKto aEprox_i mately 2.4 Wm K,
and a heaappeaxiaeictyyl-2W/ap Br toxappioxinstely 214 Wi K, angd skt eapagiiyefy 1.3 J/ g K

di <t obec it arehel D7 Bup paBeERsrey P3ER e PR e8I el <

havi ng t hehtwdtivigadd abit\daphs 2¢ diclatedopatiniples padicsesienl9f Thesdly r anges
can be used in the alternative. [0019] Respective outer surfaces of

pl at e- | i keonBudtivemeaitrialshaving thermal cgnductivities o9& heat sapasitics pytsidfefitbess 24 and

26. These channel s can ijprove heat dissipation from plug contact 30 via
convect i JAZESFIFAR *° HEE méﬁ%@%&?"é’c}@by contact 30 can be transferred away from

the contact b%blﬂ”ﬁ%&?béﬁ/@dﬁtéi‘is@rih&@roﬁpialtélliﬁ@ thbMBer¥dDland 34akel

convectively via air ow t hrough channel s 24 and 26. Besides wall 22, other

port i ons exposedl tagoesingdumnoels R4 i 3§, Thescaharngls ean inpegvedicel dissipatint frane
terial. .F | | ug. t o housing. 20 he injectd | ded
from t herahie PR i s ediany oS g eqsteted Yoot 0 S bRy

avai | abl eyas fPorh @R contadkbothtohfctivelySiahemallypéhndhéthe Wars2 hf@nsfer can
al so occur fromthe outer surfaces of plate-Ii ke body nenbers 32 and 34 to

opposi ng copwedtivelywad dis flo® thnaghwheinsise)d and 262 Besjdee 2@]! 22eotber porgonbed t o

Fi 3, I . t acl 0 i h — i_ncl udi

ousi ng. BUSE SORBHPE R R L berpePia e et aAE A For GUATRgoRed i n
pocket 6lonfessitoasing 20284 86 tnjéQidhaRoldedBbi tREmSMRTBANRRRE hoRknRk®sd thie body
menbers 80 and 82 (hot visibl'e). As shown, plate-like body rrenbers 80 and

82 ar e ndhe entimetroaturetipavaikable astateat sitiowantbis, scerarioy radiative heatiadsfeecans nay

i ncl ude a,connecti ng, menber. .A pl ontact recgeivj.ng space 72 .i s

|t er pos ARARCHEER At R e ot Pas ke SO0k FIFTIber 1 A0 Te10 BPOYES i nal s 84
extends fgRmepR 28f(nbthAsiBRYY¥ndByDers 80 and 82. Connector housing 60

[0020] Referring now to Figure 3, an exemplary receptacle connector 50 is

shown, including a housing 60, a contact pocket 61, and a receptacle contact 70 disposed
in pocket 61. Receptacle contact 70 has a pair of spaced apart plate-like body members 80
and 82 (not visible). As shown, plate-like body members 80 and 82 are not connected to
each other; however, alternative embodiments may include a connecting member. A plug
contact receiving space 72 is interposed between body members 80 and 82, and a plurality
of terminals 84 extends from each of the body members 80 and 82. Connector housing 60
is preferably made from thermally conductive polymers to facilitate heat transfer from
contact 70 to surrounding housing structure; e.g., contact pocket walls 62 and 64. Plug
contact receiving space 72 may also facilitate heat transfer through convective air flow
though housing 60.

[0021] Referring now to Figure 4, an exemplary plug connector 110 is shown
being mated with an exemplary receptacle connector 150. Features of connectors 110 and
150 are labeled with reference numbers corresponding to those directed to similar features
in connectors 10 and 50, but in the hundred series. When connectors 110 and 150 are
mated, the bulb-shaped distal end 142 of beams 140 resiliently deflect inwardly, creating

normal forces. These normal forces help to ensure intimate contact between the contact
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Is preferably made fromthermally conductive polyners to facilitate heat
transfer from contact 70 to surroundi ng housing structure; e.g., contact
pocket walls 62 and 64. Plug contact receiving space 72 nmay al so facilitate
heat trar¥¥@ap06(k§8%gh convective air flow though housi RETRIS20050€%3]
Referring now to Figure 4, an exenplary plug connector 110 is shown being
mated with an exenpl ary recept acl e connector 150. Features of connectors 110

and 150 plag-li@itodeinahbdts aed edjsseachoudinganstedairthia ppeforibhgint mdedheenatliyr ect ed
to simlar features in connectors 10 and 50, but in the hundred series.

When conneendsptivemaeripld Tpinsimete coatastienhangestherbiTansigs depratheroontagtsdtheso of
bearms 140, £,654 kdr?é&tdfré fike! %?ack{‘gﬁ;o‘&g c??ﬁé%&ld fBer L ns Qafi§82 Jhf€se

nor mal forces ensure 1 ntinat e contact -4 WO

2006/ 0688&3e1%ﬂa&é$2ﬁ%694@&1&%rs P8 (pdng- 1|8l21@@a11m@ﬂwalt§31rﬁzeaiﬂ l&4d Mukhesfelnt hdabusi ng
mat eri al that preferabl@g i ncludes thermally conductjve material.. This

i nti mat e @dmaélmgemm@ﬁ ﬂleﬁé%tﬁl&lﬂ@ffé‘Feebet‘fV?‘?ﬂﬁhﬂbéa@% rlstak ends A2 andyipera|

forces ur a and
out or - sur f e RS S PIETIE boRR RN BE 180 Snd 180 HEa KRB B mplBie b1,
of the heéahployingtiegalally copdestiat athteial ditectlytichiid thoingsrfree bet ween the beans'
di stal ends 142 and inner surface regions of plate-like body nmenbers 180

and 182. Heat WO023%) pht ﬂmnatyeuwwtpé@mbydu@m @f}hﬁgwﬁﬁérwnmn(%‘ﬁﬂ@@@ll ve

mat eri al |re I nt er f ctor
bt menteribad ittt 2 Bf ARBSq RN Eh shitafl AFERIDHIELERRRFT . O

mat eri al E@\ﬁu@%ﬂh&@%ﬁféh%‘o\@eﬁmm&ﬂﬁu}f @Riduéthe raateriglo rmeemﬁple housi ng
features, which also conprise thernmally conductive material. For exanple, a

conduct i v@oqda@tlvmpad@ﬁﬁ@mmu@chwnﬁx@ dispeprskiaczaps befugen ernttesdady. srerbers apgdy

i 1 onatnBs ARG RiRite, st ERAES, oleh R R Ron BEA B ol
gaps (whi ghteyialuk ehdnldds Wiedny\gall Afr iR Wl dBE inB@lafive) abibing FRnAkligACcent

8
contact and/or housing structures. I—%p gwt here woul d be sone portions of
the cont apeinisen jhevadisrent eontact andor housing stucireso Aless tthera vl b smushousi ng

2ddi 1 onePTOmIT ey DeresiRpay ftfoef 3L R MR CRUERT SisStng by ¢ ne
tccr)lgt act M&l}cgpﬁaﬂdﬂ?dﬂ?é ﬁ&ihoﬁ@ﬂlttaﬁﬁrlk fm@éa gc'égaﬁ&ftv&ﬁem ] tH@ Uédlﬂgna‘l butfictive, and
gap wou e at least partially filled w an added
material. In other instances, no portions of the contact will be in direct contact with
surrounding housing structure, and the gap would be at least partially filled with an added
conductive pad or compound for example.
[0023] Referring now to Figure 5, another exemplary connector 200 is shown,

including a housing 202, a plurality of power contacts 204, and a heat dissipation member
206. Housing 202 may be made from thermally insulative or thermaily conductive
materials. A subassembly 210 of power contact 204 and heat dissipation member 206 is
illustrated in Figure 6. Power contact 204 includes first and second plate-like body
members 207 and 208 that are shown being stacked against each other whereby at least a
portion of their inner surfaces are preferably touching (note that some portions of the
opposing inner surfaces may be spaced apart due to purposeful design consideration and/or
manufacturability). Bach of body members 207 and 208 comprises a series of angled
cantilevered beams 220 and a series of straight cantilevered beams 222 arranged in an
alternating manner. Opposing angled beams 220 define “pinching” or “receptacle” beams
that are capable of engaging one or more straight beams of a contact associated with a

mating electrical connector. Contacts having a different number of beams, and/or different

beam geometries, are equally contemplated by the present invention. Each of body
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conductive pad or Ezhpound for éxanple. [ 0023] Referring now to Figure 5,
anot her exenplary connector 200 is shown, including a housing 202, a
plurality of power contacts 204, and a heat dissipation menber 206. Housing

202 may hleonwdecdsodm thermal ly insulative or thermally pondsdosisse32
materials. A subassenbly 210 of power contact 204 and heat dissipation
menber 206 is illustrated in Figure 6. Power contact 204 includes first and

50 P e TR STy R 2B

agai nst eac por I nn aces are

pr ef er abl yirdututhicfige. (Tendnilbars sane @afighedfoadfithehe prespin ot sgdérader surf aces
may be spaced apart due to purposeful design considerati on and/ or
manuf act uPREsBEMERL) or aygtherengegpmerbrAadily kogym e skidled iisARses a series of

uf act UPHBEFTE) or EHCHOB _ : es a serie
223 arranged | URA  EREConepebn Tt 286 T8l A M Rlerf Rl BY0BR e

" pi nchi ngelip230; ae ahbael it Fihieadand haClipL80 tapasthectaf oetrgdgirmallypne or nore
strai ght beans of a contact associated with a nmating electrical conrcllector.

Cont acts PRBARelYeamaierink segh asnivrsRsmple. Belaher, themedyiedthermaniastics drsamhe

IEO00 20oRRHBoT AR eaR B RTHR S0 A0 TuBLge e BHE "PP B0 FREAEER  dos”
pluralit th?})gftﬁfrmm 2P 60panel 239 1an@ 236 that Ate devfiwatidly Bém Yed portion

Term nal s can be configured for either a press-fit or sol dered

engagenent32. ohs shopvmscprtactdmgs geanthers 2&%and 308iarrostacked agamskedch pigr, ap thasan.

0024] He i.ssipat i .206 h j ff f . includi
2ol p el 52l i SRRP T oY G R0 e BB e s s e ap ol e of
t her mal | yporion8p66dyVRefMEEZ0R| A tHienabhlpsondublivespaskat! o conpbahd @by bfiteonaugi fi ed

t hernopl astics described above, to sink heat away from power contact 204
t hrough cbweloployedhin W@twperptbe prrals anfeeontact bedy mpembesio eguragepda pair of

s 234 . 236 .1 hat _ext downvar.dl y_f t tion . 232  As shown,
PNt act - bEg HiARGr Lopriah 2o 5es SR e B HhoBRE ko dfad Thor”
panel 2345RRQ398F e@dinPlE £pluRBilY bCtudd 24006 YinFBH® &ho#@ in Widre 7) aAhougB6

£
engages an outer portion of body nenber 208. A'thermally conductive gasket
or conpounet shewn,oeniash hodymembers 207 epé 08 map bt wpaned tapart,Julereis onedr morg act

SR SRERA A RN R R
respective inner portions of the body members. Additional clip panels may further engage
respective outer portions of the spaced apart body members.

[0025] The use of the term “clip” is in no way intended to limit the design of the
heat dissipation member 206. Rather, the important aspects of the heat dissipation
member is that it be designed and positioned in such a way to sink heat away from the
power contact. In preferred embodiments, at least a portion of the heat dissipation
member is exposed to the outside environment so as to create a heat transfer pathway from
a connector interior to the connector exterior. As can be seen in Figure 5, which
represents only one preferred configuration, the area of the heat dissipation member 206
that is open exposed to the outside environment is perpendicular to the portion
(downwardly extending panels) that is inserted into the connector, thereby increasing the
surface area exposed to the outside environment, and thus, the amount of thermal
convection to the cooler outside environment. The portion of the heat dissipation member
within the connector housing (panels 234, 236) is oriented parallel, and in intimate contact
with the body members of the power contact. The panels transfer heat to the perpendicular
portion exposed to the outside environment by means of conduction, while the

perpendicular portion then transfers that heat to the environment by means of convection.
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such as, for exanple, a plurality of studs 240 or fins 250 (shown in Figure
7). Although not shown, contact body nenbers 207 and 208 naybe spaced
apart, wherein one or nore clip panels are placed in a nedial space defined
bet ween tWO 2psd¢8898nbers to engage respective inner poPCTAIS005/0436B2 body
menbers. Additional clip panels may further engage respective outer
portions of the spaced apart body nenbers. [0025] The use of the term"clip"
IS in no Wa thiXtgidegh it & prefiried tfbieat d&st Hportibn bhthe themiallyi coaduvailve BeatMENber
206. Rather, the inportant aspects of the heat dissipation nmnenber is that
it be desdigsipaticarenberiheiexneseditn thaeuiside environsiest, the hrah dissingiionfperberhe

power contact. |n preferr.e | e S. fi e heat

di ssi pati %lﬁy%ﬁé!r)’r%lg%@gc %g@%@%@%%ﬁ%ﬁ@%ﬁﬁ lbia?tgﬁl%éen%n%sbgﬁé%ﬁt?o Create a
heat transfer pmtzbygam febOpbrtién 6PNANEIEEtEEal BRIt 260 sitdifar fOORREN O 200iser | Or .
As can be seen in Figure 5, which represents only one preferred

conf i gur ashowm intHigurg8e £ apheatprflbincludesahqysingaid8ne rpwer caoact 2Hatand g open

exposed t e .outside envid.0 i S r pendi cul e rti.on
(downwar d}l(‘)es?% g&?flgﬁt&?’h@e ﬁrejf 2{505 nﬂ%&%at%es I%ﬁg‘g‘g‘ife"& nﬁ’ﬁ?gﬁ %%& %%ﬁﬁlgft?%) °0 { her eby
i ncr easi ngjeiBer 280k 3REI1R 6 thod BRSAMINMgUrees akd 31 BRUSIMEI268 hBRftur ciddheelshus,
the anobunt of thermal convection to the cool er outside environnent. The

porti on 0282, B83.A84tandi288 ithet mayrfacilitateheat insfirravaydien power emtacdd4d wig (panel s
234, 236) is oriente allel., and ip intipate contac i.th the body
renber o SO ROV B R erred el vty R bt MOy 5BF NG ul ar
portion expasagith Qir Fla® BEfush Bl Z9UHRB RS DHeRBANRIRS beendftplel ditireddy | € the
per pendi cul ar portion then transfers that heat to the environnment by heans
of convecawanfrom@oner 20mart @58 SYIoPCTIIVSRBATWUB BeR firkicheing transfeatetifonygh it is
referred for at |east of.ti.on. of the mal |,y caonductive heat .

i Ss1 pat | BTAreDEF B ‘e hgBettrraop ety oF GUTNRY SORMETE mie: hodne
di ssi pat | 248 MBYHE tnad BBUET LABPIBERAIY iﬁmﬁt@ler&%émahyl@oﬁd&ﬁ@@ﬁﬁwmshousI ng in

al ternate enmbodi nents. [0026] A rear portion of an el ectrical connector 260,
similar tWhemnthemally @d0uctive masenalmaderendplayedca BortiCorof dlust lpat Bi6Gpationl udes a

housi ng 268, ,a wer cont.act 270, and. heat,.di ssi pati on nenber 280. The
fgat urgs IBF“’BB‘Q/@ Tﬁ%ﬁ%l‘f’tm teaq?&tqqgg?tga%%l}n&g{g liqps GESHENTS80 are sinilar
to those shownjgop7fi Elégéiﬁl &P&e@ggﬁ&ﬁ%hﬁﬂor%@?l&éﬁeé%b%gg@x%?ﬁle&ﬁoﬁﬁl 283,

284 and 285 that nmay facilitate heat transtfer away from power contact 270

via transmission of power through the electrical connectors of the present invention. In a high

heat situation, the thermally conductive heat dissipation member can include a
considerable amount of surface area, both in contact with the power contact and exposed
to an exterior of the connector (i.e., the outside environment). By way of example, and as
shown in Figure 9, a connector 300 is shown including a housing 310, a plurality of power
contacts 320 and an equal number of heat dissipation members 330.

[0028] A subassembly 350 of a power contact 320 and heat dissipation member
330 is shown in Figure 10. Power contact 320 includes first and second plate-like body
members 323, 324, with each having alternating angled 325 and straight 326 cantilevered
beams extending from a body member front edge, and a plurality of terminals 327
extending from a body member bottom edge. Heat dissipation member 330 comprises a
pair of panels 332 and 334 that are in contact with respective outer portions of body
members 323, 324, and multiple fins 340 extending along top and rear portions of the
panels. As can be seen in Figure 9, the connector housing 310 is configured to permit
substantial exposure of the fins 340 for efficient convective heat transfer,

[0029] In Figures S-10, an individual heat dissipation member engages each

power contact. However, a fewer number of heat dissipation members may be employed,
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convection. Heat can be transferred directly away from power contact 270 by
convective neans with air flow through channels 284 and 285. Heat can al so
be transferred indirectly away from power contact 270 by convective neans
with heatWOi208¥06B¥Bng transferred from power contact 2PCTYES2HN54k3632

di ssi pati on nenber 280. through conductive neans. Housing 268 maybe nade
out of either thermally insulative or thermally conductive materials. \Were

t her mal | ys¢ gadh6tdves fg?e@ cbAtaét i8 irfer@AESNRRHR iithea Rt His@iEat@cfn fbmbeat

di ssi pati on nenber maybe in intimate contact with surroundi ng housing

st ruct ur eMdreozzr]2 Imepdintipattpronemher ragyphe designed to prgage srore Hvg asingle AP be
gener at edc%r{ti%{]to %ﬁg%ﬁ%h%ﬁﬁg%ﬁagﬁgﬁl?w%?ua ﬁ&%ﬁte' ectrical connectors of

t he presen AventT on. a on, "the thermally conductive

heat di ssi pati g0030FMPeWeEshtadis bftle pitsert Midentl6h al¥ Badyboritsuidible thateigR, ar ea,
both in contact with the power contact and exposed to an exterior of the

connect or sydh as, for examplas eoipger Bloysr Shmeantjcts Bey haplatgd with matesialesvghas  shown
in Fi , nect or. 300 | i ncl udi ing 310 |uralit

of pover - £0df sERERESYE 18 an EpERAL M A8 S e p AR AL ity Reisbr < 20,
[0028] A sjipashe fiiludtrp SPhOhumbaoyRbnta&s had thed2RranBembRah cOirfesiop Abidipsmember

330 is shown in Figure 10. Power contact 320 includes first and second

pl at e- | i kis ned digniteforthat shozmsin the figurgs. t Prefaarsd poaker aontasts of hepresgniangl ed 325
and straight 326 cantil ever.ed eans, ext endi L om a. nber, front
edge, andg’é’eﬁﬁl?ﬂ%qrﬁlﬁﬂfegg{?'ﬁﬁpﬂ%(gle@gefs‘ g]{kegﬁgf%ﬂm?ﬁmq%%%y‘?wﬁg er bottom
edge. Heafeafil$ gppradihie fhATERNDFAtIBEL Hod P RIenTREs May B8 iplanef orﬂgiheélﬁnﬁ?r@ formd 334

that are in contact with respective outer portions of body nenbers 323,
324, and Whe¢ powerecontagts mayocaainpgérhgesairatlierthept trandfor &eaturps r Sinuluslyothet he

ls. As b i Fi t t h i .310, i fi d
Do per i + Cortetier Bt rAinsiAts Bedl vahuley SRRRS RS Fa LRy P a SRy | e
heat {1 anglchtas, fPGRRAp1t i a@els SnibAling frohl e Kkl of B koftiefirihd on menber

engages each power contact. However, a fewer nunber of heat dissipation
menber s ninjering of the foyeidg, voeids, WOE2B0E] 0683051cROTHWB2G 0ty ©#dERPpovew t hat not

tact .i.sS | t w.th heat . di.gsi pat,i .
Vor eovr  CORtHERe LR B eREPTIARy v6 Bt B3Pt N0 ot gdls BT Bt han
singl e POYRE and P¥epiatic cBniBSHs BBREDAFANSE RephBRSANN onaiBIv BtEHAL ent -

alternative embodiments include mating connectors where only one of the plug connector

and the receptacle connector employs thermally insulative material.

[0031] The description has focused on exemplary power contact and connector
embodiments shown in the figures. Variations of such embodiments are included within
the spirit of the present invention, the manifestations of some of which is included through

the various claims appended hereto.
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[ 0030] Power contacts of the present invention are nmade from suitable
materials, such as, for exanple, copper alloys. The contacts may be plated
with materials such as gold, a conbination of gold and nickel, or a range
of other materials commonly known wthin the industry. The nunber of
contacts and their arrangenent in connector housings is not limted to that
shown in the figures. Preferred power contacts of the present invention
conprise plate-like body nenbers. One of ordinary skill in the art would
readi | y appwehatds elaified: t he pl ate-1i ke body nenbers nmay be planar or
non-planar in form The power contacts may contain apertures or other heat
transfer features. Simlarly, the connector housings may contain heat
transfer featuresg not y i hC . figures, such as, for exanple,
heat channel s ex?'endi ﬁA‘g %wgrrlr%a{tiﬁéﬁgeﬂog’r%ogﬂﬁgﬁgf he connector to an interior
of the housing, whodsing comprsgisg atheamealy-irsoldvoonatarahs of the retai ned power
contacts to conmbi ne conductive .and convectjve heat transfer. Note that while
both the plug aRd®OPEEeat pasitonaddn s lougwgciided above enpl oy thermal |y
conductive materi,al t jye !]‘H&ﬁt jncl ude. el ctors
where only one of t eermpz@1 g(:%(;:l%fg\ét g‘rﬁgbgg t eﬁPglce%)t acle %%E%%dél?g{r)@errpl oys
thermal |y i sisssmaplastic ami efigaging fHeOgMer Idoatade se thaptthe thdmasallj-oontietdveon

exenpl ary power caontact and connector enbodi nents shown in the figures.
Vari ations &HP gapyfers heefdrome thesposyes cppastuded within the spirit of the
present invention, the manifestations of sonme of which is included through
the various clains appended hereto. -8 Wat is clainmed: 1. An electrical
connector, conpri2zsi ng-The bletisicalg comiaetor SoNGldint Her whtrelr ithes tharallg- mat eri al ;
a power contact positioned . in the housing; and a thermally-conductive clip
formed fr omcancilwgvmhp FOmBHgRscE {1t Portioa s¥ppsedsto; the spyramayarynd ke power
contact so . V= 1 el it r t he power
cont act , 2. Pamice] SorpidFlofbrd? P MGkt Kfoinle e ANBOM0R AAIPosloRBY '),
conducti ve aljapertarfipstiragier surface sf the@oivepcorgagposed to the environnent around
the electrical connector, and a first panel adjoining the first portion and
positioned

3. The electrical connector of claim 2, wherein the thermally-
conductive clip further comprises a second panel adjoining the first portion, the
second panel being positioned adjacent a second major surface of the power

contact.

4, The electrical connector of claim 2, wherein the electrical
connector comprises two power contacts and the first panel is positioned between

the power contacts.

5. The electrical connector of claim 2, wherein the first panel and the
housing define a channel in fluid communication with the environment around the
electrical connector whereby heat can be transferred from the power contact to the

environment around the electrical connector by conduction and convection.

6. The electrical connector of claim 2, wherein the first portion

comprises a plurality of fins.



adj acent a first major surface of the power contact. 3. The electrical
connector of claim2, wherein the thermally- conductive clip further
conprises a second panel adjoining the first portion, the second panel
bei ng positioned adjacent a second mgj or surface of the power contact. 4.
The el ectrical connector of claim2, wherein the electrical connector
conprises two power contacts and the first panel is positioned between the
ower contacts. 5. The,el gctrigal connect.or_.of ~cl ai m.2, .whgrein the first
Banel and the housi nghﬁe?qf(ﬁréc %%‘3%‘%8& N nd?‘frhizd ‘?a%e nn}hgaﬁsgrp%vn\nt“{}h t he

envi ronment canptised atph@rali§! Fetudscal connect or whereby heat can be transferred
fromthe power contact to the environnent around the electrical connector
by conduction and convection. 6. The electrical connector of claim 2,

wherein the firs{ portdon rises ral ity of fins. -9 7. Th
el ectrical connector o ecql%ﬁ%% ,co eézpogi%?lﬁgnfli’r‘g?erggr@?cﬁ?w%oc ntralcges a

plurality otomptists twd. plites tigdt elefiné,Cial conthimgivhObotifa Enddlenndatinghheicn t he
power contact conprises two plates that define, in conbination, both a
femal e mati Add e lematingeantactnal e mating contact. 9. The el ectri cal
connector of claim1, wherein the thermally- conductive thernoplastic
conprises a polyneric material selected fromthe group consisting of.

nylons; 1iquid copystalThpotiyemics; camitcR! yeifms;], anberainmaiiee thémallgel ect ed
fromthe group consisting of. graphite carbon fibers; carbon powder;
netal |ic fi cprdustiveiigriaeplasticccomprises & polymerivpeatesiad selested frogpeeEeur of clai m

2, wherein the.electgic . econnector, ¢ ri.ses r ntacis:.;the
thernal | y- _CSE%F&SC‘P?voef? cqylfgﬁl Ki E‘%Pﬁgﬁrygtg%) g i seés_s %ldsﬁ@ggsg&%’aﬁ% aa%lja%e?lﬁll ng the
first porti eglectéd&rom fisd gﬂﬁ@%orﬁﬁﬂh@@fﬁﬁﬁpﬁﬁé ghrbofffilehe daesr pswddract s; and

t he second panel contacts a second of the power contacts.
metallic fillers; and ceramic fillers.

10. The electrical connector of claim 2, wherein the electrical
connector comprises two power contacts; the thermally-conductive clip further
comprises a second panel adjoining the first portion; the first panel contacts a first
of the power contacts; and the second panel contacts a second of the power

contacts.

11.  The electrical connector of claim 2, wherein the first panel
transfers heat from the power contact to the first portion by conductive heat
transfer, and the first portion transfers heat to the environment around the

electrical connector by convective heat transfer.

12.  An electrical connector, comprising:

a housing comprising a thermally-insulative material;

a power contact positioned in the housing;

a thermally-conductive member formed from a thermally-conductive
thermoplastic and disposed proximal to the power contact so that the thermally-

conductive member transfers heat from the power contact; and

-10 -



11. The electrical connector of claim?2, wherein the first panel transfers
heat fromthe power contact to the first portion by conductive heat
transfer, and the first portion transfers heat to the environnent around the
el ectrical connector by convective heat transfer. 12. An el ectrical
connector, conprising: a housing conprising a thermally-insulative material;
a power contact positioned in the housing; a thermally-conductive nenber
formed froma thermally-conductive thernoplastic and di sposed proxinmal to

t he power cont actat deast oret of éharmeHyrapnductive gaket ma@mﬁYﬂCWle heat

f h ) - I f h | Ly- d [
gasket and_ SoPREVRLTyoedheier dhe oBRRh sRRRa? epf b hAPAHSRARUES o7

contact and pydigbdrher mal | y-conductive nmenber. 13. The el ectrical connector
of claim 12, wherein the thermally- conductive nenber conprises a first
portion exposed to the environnent around the electrical connector, and a

first panel adjoi,ging the first portion d, positioned. | acent first
surface of the pd\%er c]t(;ﬁt 515:?45“0?4.(:03’1?'?8%&%&0}3? ahi’cga’ﬁée& gtg!;’o el@i'aé]s'h] 13,
wher ei n t he chh@udiet emie@REmptikdsen AREPEHichWKbORA 16 AP EMGRMnRNE &oaRd panel
adjoining the first portion, the second panel being positioned adjacent a

second sur f dbeeledtricalcoprressr, aasha Hest paned adjpinangthe dirsti poationcenshiasitionedf ¢l ai m

13, wherein the electrical nnect or conpri ses two power contacts and the
first panel aldjs,acf)@&etfrfto% %c%%f\%ﬁgﬂwe'i%oé&ﬁgpv\er contacts. 16. The electri cal
connector of claim 13, wherein the first panel and the housing define a
channel in fluid communication with the environnent around the electrical
connect or wher ebyl4heatTheanlepeical garestoreef cclaim 1 he whsuin thenthemmallyo t he

ST OTEN, B W SRRl FOA TS Bl R e PR gAY

conpri ses a thé s¥cahd pahePbeihfs PSsitioned adjacent a second surface of the power contact.

15. The electrical connector of claim 13, wherein the electrical
connector comprises two power contacts and the first panel is positioned between

the power contacts.

16.  The electrical connector of claim 13, wherein the first panel and the
housing define a channel in fluid communication with the environment around the
electrical connector whereby heat can be transferred from the power contact to the

environment around the electrical connector by conduction and convection.

17.  The electrical connector of claim 13, wherein the first portion

comprises a plurality of fins.

18.  The electrical connector of claim 13, wherein the first portion

comprises a plurality of studs.
19.  The electrical connector of claim 12, wherein the power contact

comprises two plates that define, in combination, both a female mating contact

and a male mating contact.

-11 -



18. The electrical connector of claim13, wherein the first portion
conprises a plurality of studs. 19. The el ectrical connector of claim 12,
wherein the power contact conprises two plates that define, in conbination
both a female mating contact and a nale mating contact. -11 20. The

el ectrical connector of claim12, wherein the thermally- conductive

t hernopl astic conprises a polyneric material selected fromthe group
consisting of. nylons; liquid crystal polyners; and polyesters; and a
material sel ect @8. f r drhet Rlscgicalugounsator sef glpimf 12,gwdstein ehe athpminllyt ber s;

e, Bt L s A B

connect or cal nec conpri SptV\,O power

contacts; t hendisteigh®f:| dyle@diid 6By st fo8fmerk;UAid PblyeSoR! iaf@Sa ateiapbnd panel
adjoining the first portion; the first panel contacts a first of the power
contacts; aneleetad faara dhel ghere ronsiving cifs graphite atboss fibarsiecasbaie Poweder acts.  22.

The el ectri cae! glgvrg gctordé)f c{ atilﬂe] S13, wherein the first panel transfers
heat from t & t%l CoM QTS P& first portion by conductive heat

transfer, and the first portion transfers heat to the environnent around the
el ectrical connector %y convective heat transfer. 23. An electrical

connect or, conpriXdi ng:Thg Kklsasicaly conngstarsiohgclaim hids mahergin kel edgoitnieal mat eri al ;
a power contact gosi tioned {n t he housi n%g tﬁnd a t%ﬁ,r nal l%t’condelgjrﬁ;[i ve menber
formed from 8 L% ‘?Irrﬁ?rmr-l%e(gn%octqo\‘/”eer R p 5s?llercm a“ g‘d h‘fenén e power
contact so tfidhert EnpritRs N lsbomaOpaher tadjoeningBR® first poARNethe MRS pAdepm t he
power contact , wherein the thermally-conductive nenber includes a first
porti on expsspictsa fitseokihei posrersantagisoanddthe ecasdauonel eontactscoperesd 0f, and a

first panel @gl ovivr}i ng the first portion and positioned adjacent a first
maj or sur f ad®® BWE 58 ?%War contact, wherein the first panel and the housing

define a channel 2on flWiedelemidbincemicc@dn ¥ thirh hE3,eRhbledNIRNfirgir patied t he
transfers heat from the power contact to the first portion by conductive heat
transfer, and the first portion transfers heat to the environment around the

electrical connector by convective heat transfer.

23.  An electrical connector, comprising:

a housing comprising a thermally-insulative material;

a power contact positioned in the housing; and

a thermally-conductive member formed from a thermally-conductive
thermoplastic and touching the power contact so that the thermally-conductive
member transfers heat from the power contact , wherein the thermally-conductive
member includes a first portion exposed to the environment around the electrical
connector, and a first panel adjoining the first portion and positioned adjacent a
first major surface of the power contact, wherein the first panel and the housing
define a channel in fluid communication with the environment around the
electrical connector whereby heat can be transferred from the power contact to the

environment around the electrical connector by conduction and convection.

24.  An electrical connector, comprising:
a housing comprising a thermally-insulative material;

a power contact positioned in the housing; and

212 -



el ectrical connector whereby heat can be transferred fromthe power contact
to the environnment around the electrical connector by conduction and
convection. 24. An electrical connector, conprising: a housing conprising a
thermal ly-insulative material; a power contact positioned in the housing;
and -12 a thermally-conductive nmenber forned froma thermally-conductive

t hernopl astic and conprising a first portion exposed to the envi r onnent
around the electri,al f ﬁ o and. a %lrst anel g first
portion and posi i JF&a2 %18?%‘@‘8 4 efn?rflp%rt ?‘Fﬁ}egr Tt faa ‘{ﬁ? cont act ,

wher ei n t he thdrimdplalt@d bhdBompFRERE hfESt Firtibeaghosedeo e emﬁtoaneht &oﬁﬁdld 25. An
el ectrical connect or, conprising. a housi ng conpr]l Si ng

t her mal | y- i tkastleetrical caprasidraand @ﬁmmrel adntnang thpcflsmtnoetmandrpqsﬁ@nﬁbum ng,

t he power caqntact £ risin St bod orti.on and S

port ot et € SR, maigF Sefiacd,af e, BRMH B HrRRn S BRGNS o 11 ¢ s
external surcf)ﬂ@ﬁsesadﬁ%agmesggqnﬂomd portion having a second internal
surface facing the first internal surface and a second external surface;

and a thernally conductive nenber formed froma thermally-conductive
t her nopl ast i c, gg the onduc ive nmenber touching at | east one of the

first and second ext %%Fc%ﬁ?(:lf%‘é%"&fc‘{“ﬂ’é‘%&m contact so that the
t her mal | y- conductin¢@singesipfisihg afisdrehly ealatid¥aatdiiapm t he power contact. -13

a power contact positioned in the housing, the power contact comprising a
first body portion and a second body portion, the first body portion having a first
internal surface and a first external surface, and the second body portion having a
second internal surface facing the first internal surface and a second external
surface; and

a thermally-conductive member formed from a thermally-conductive
thermoplastic, the thermally-conductive member touching at least one of the first
and second external surfaces of the power contact so that the thermally-conductive

member transfers heat away from the power contact.
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