ELECTRI CAL PONER CONNECTOR FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates to electrical connectors and nore particularly to

el ect r oniwopowa7@wonnect ors especi al ly, useful in circuiPCThisa00d/086238
backpl ane i nterconnection systens. BACKGROUND OF THE | NVENTI ON [ 0002]
Designers of electronic circuits generally are concerned with two basic

circuit portions, the | ogi ?:%%cfkﬂ@ﬁt pawtﬁ%@ggg(pfoﬁomr portion. In

designing logic circuits, e desi gner usua s not have to take into
account any changes in electrical properties, such as resistance of circuit
conponents, that are brought about by changes in conditions, such as
tenperature, because current flows in logic circuits are usually relatively
| ow. However ower circuits can undergo changes in electrical properties

because of tIHELId O THE INKEGHION rent flows, for exanple, on the order of
S0 ams Or o1 gy 4, L By SIATSIL G SPORERHER L cennecCor

desi gned for use ower Tircul

(gener at ed particuldrlytoadecaoneomter obnricb@rslaybaaldf uesft) ins@rchidba@iznges in
circuit characteristics as a result of changing current flow are m nim zed.
Convent i onal PaskRIgNGBIRreRINECion SYSieRYi t board el ectrical power connectors are
generally of rectangular (blade-like) or circular (pinlike) cross-section.

These are s%géﬁﬁgomngwgtﬂqﬁwns. I n these conventi onal

singular-mass b pin configurations, the opposing receptacle
cont acts conpri sd0803jai Pespgnernofoalettyonior geedite garterdlBvage chiesnmedanith twwe nati ng

bl ade or pin is | oc.?t ed. betlvve n.t heé’gi/r of be(gﬁrs. Such arrangenents are
difficult tdFEHIERT PHUORS QoIS RavRITEeR gneihe pomichyortient Indlesign®at i on
capabi | i ti eogi¥eYuiR R REQULARUANY Jod¥nBl fRle tb LAY i ? t On ¢ ORAGE Font act
normal for cesg by adj ust _rrent%ﬁof co.nwt a%t geomgt ry. [1186806% M%er}g I sggs 1glleed for
a smal | contedgstricghpropertics, suck as feyisthines dipetces chmpbnems) thdtiacdbroaghtrabauti | y
nodi fi abl e ongact nor m%{.t. for ceﬁ. ?UMVARY Cﬁ THE | NVENTII ON. ,'%004 . The
present i nventioneTET SUELIYE> BIC84P PR AN RRACH T SR O WS HploBedreits
receptacl e hayifi@llPelaiRly Rt VEOWOHS] ftverRcils daf dBler8h Sh&fREUELIEMRcal
receptacl econtact conprising a pair of spaced walls formng a plug contact
recei vi ng spaeRrertigg because of the relatively high current flows, for example, on the order of
30 amps or more in certain electronic equipment. Consequently, connectors designed
for use in power circuits must be capable of dissipating heat (generated primarily as a
result of the Joule effect) so that changes in circuit characteristics as a result of
changing current flow are minimized. Conventional plug contacts in circuit board
electrical power connectors are generally of rectangular (blade-like) or circular (pin-
like) cross-section. These are so-called “singular-mass” designs. In these
conventional singular-mass blade and pin configurations, the opposing receptacle
contacts comprise a pair of inwardly urged cantilever beams and the mating blade or
pin is located between the pair of beams. Such arrangements are difficult to reduce in
size without adversely effecting heat dissipation capabilities. They also provide only
minimal flexibility to change contact normal forces by adjustment of contact
geometry.
[0003] There is a need for a small contact which efficiently dissipates heat

and which has readily modifiable contact normal forces.

SUMMARY OF THE INVENTION
[0004] The present invention relates to electrical connectors that comprises

a receptacle having an insulative housing and at least one conductive receptacle
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mati ng plug conprises an insulative housing and at | east one conductive
contact having a pair of spaced walls which forma projection engageable in
t he pl ug wecelsmismgispace of the receptacle contact. ThePrconisaassi@apl oy a
"dual mass" principle that provides a greater surface area avail able for
heat dissipation principally by convection, as conpared with "single-nass”

cont acts. r i_des ai.r_f. ow path aced
portions of %ﬁé%gﬁﬁgﬁ%@l {ro SB?Cdealaf%‘EB%ﬁa ge"oei?ﬁf] %X’r’gp %h “rat ed.
BRI EF DESCR! BiEHERpDE cﬁu@nwlh@aﬁmqﬁmgmd Bf Ra&¥he wrycﬁiahv@aoﬂtéctf ur t her
described with.reference to_the acconpanying draw ngs in which: [0006] Fig.

1 is a perspBdfing apar efsracedwallywhichn ta PYPEQUKYI] engageabze msthaplstﬂlgde3 .
el evat i onal 8 is a
cer epecetve LEENIE phllo bt B Ebn Al Mhelsnlr Y eplon,d TGl napdh,

el evati onal pmmplefthatlpeom@asamreammm aeh asHivle foPhit alss@au&@%%palﬁ S
is a front el evatiopnal view of a_plug connector; [0011] Fig. is a top
pl an vi ew of %X RAVSPHRN, @8 ForaraTed Withowmelenmassy COEtﬂ(?tEO@h!@]al‘llahéem@ﬁ ipsovadesend

view of the pl g neanpes ({L%ﬁggonné%r@lﬁo e Jogpiéogt{:ﬁ%plugéﬁiaﬁ%etﬁ% front

per spective view of the tor sownln ( 9is a
top rear pergpm@cmmeNhQnematecﬂ the plug connector shown in Fig. 5; [0015].
Fig. 10 is a front elevational view of a receptacle connector; [0016] Fig.

i ' | t h in Fig. 10; [0017]
Fra 12 1 o oRRERE ENCRIY L AR DRI or Sohown 0 F'g. 10; | [0018]
Fig. 13 is a top [0005f TRSpPRE: & ehiisvisalrthdct&aRANAR ﬁﬁ SOReGHYy shown in

Fig. 10; [0019] Fig. 14 is a top rear respective view ot receptacl e
connect or sh$ERAMPANENdrawings in which:

[0006] Fig. 1 is a perspective view of a plug contact;

[0007] Fig. 2 is a side elevational view of the plug contact shown in Fig. 1;

[0008] Fig. 3 is a perspective view of a receptacle contact;

[0009] Fig. 4 is a side elevational view of the receptacle contact shown in
Fig. 3;

[0010] Fig. 5 is a front elevational view of a plug connector;

[0011] Fig. 6 is a top plan view of the plug connector shown in Fig. 5;

[0012] Fig. 7 is an end view of the plug connector shown in Fig. 5;

[0013] Fig. 8 is a top front perspective view of the plug connector shown in
Fig. 5;

[0014] Fig. 9 is a top rear perspective view of the plug connector shown in
Fig. 5;

[0015] Fig. 10 is a front elevational view of a receptacle connector;

[0016] Fig. 11 is a top plan view of the receptacle connector shown in Fig.
10,

[0017] Fig. 12 is an end view of the receptacle connector shown in Fig. 10;

[0018] Fig. 13 is a top front respective view of the receptacle connector
shown in Fig. 10;

[0019] Fig. 14 is a top rear respective view other receptacle connector shown
in Fig. 1.

[0020] Fig. 15 is a front perspective view of a second embodiment of plug

connector;
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[0020] Fig. 15 is a front perspective view of a second enbodi nent of plug
connector;[0021] Fig. 16 is a rear perspective view of the plug connector
of Fig. MO2P@IB2)71Fig. 17 is an isonetric view of a pl egrasaeEoss2esed in
the connector of Fig. 15 wth the contact still attached to a portion of
the strip material fromwhich its forned; [0023] Fig. 18|sa5|de "
cross-sectional v f is a
front perspecti vell@llég/)v g?@g@ée%ge gg%}{gg 18%;{%3&{ gi;tgﬁgilugbﬁog“ hOftl%'ﬁg 18? ug

connector of Fig. [MB2][ Go9] 1Farglsoﬁ‘16tr1csvmvroéalphrgecroﬁmﬁhs,eu@nﬂie&i@nﬁéc‘cém
receptacle CE gtor hown in [0026] Fig. 2 1is a isonetric view

of a recepta ot e Geutagt Sit‘r]rf at%ﬁ‘éhetf]cfﬂﬁé@mn% Wﬂipﬁnﬁﬁ@alﬁl@l}mqhht& he
contact stil forafeliached to a portion of the netal strip fromwhich it was
formed; [0027] Fig. 22 is a side cross-sectional view of the receptacle
connect or shown |?00ﬂ31;1 FIIQIS[IS)@Q@ cﬂésgsecﬁﬁaall\/%\aoﬁ&retph@é cqHne&sr 6RKEI pal

vi ew t aken al ong 22b is a parti al
cross-sectional 0\%&1 A@é‘% 13%%80 é%’@ 1% Vlﬁ‘f’é’f agecepiaglyopngmier matables a
front per Spewithﬂ%p{ug%ﬁ{ecﬁ)rbhlzf 1¢nbodi ment of plug connector; [0031] Fig.
23a is a cross-sectional view of an alternative arrangenent for securi ng a

contact in a housl09g5] [ BEB20 i gar petspestive Vieonif thercsspsadle vennecpwshdwia
receptacle c Cipr adapted to mate with the plug connector with Fig. 23;
[ 0033] Fig. ’glgmgs 4 front elevational view of another enbodi nent of

receptacl e connecfooze] [9&341 i PomeRiciievR oPRIcePREIRSBRGLI e Y @Y of the
connector shown in Fig. [0035] Fig. 27 is an isonetric view of a

recept acl e COWREOr hosa in ,Flg H@ with the contact still attached to a portion of the metal
strip from which it was formed;

[0027] Fig. 22 is a side cross-sectional view of the receptacle connector

shown in Fig. 19;
[0028] Fig. 22a is a partial cross-sectional view taken along line AA of Fig.

22;

[0029] Fig. 22b is a partial cross-sectional view taken along line BB of Fig.
22;

[0030] Fig. 23 is a front perspective view of a third embodiment of plug
connector;

[0031] Fig. 23ais a cross-sectional view of an alternative arrangement for
securing a contact in a housing;

[0032] Fig. 24 is a front perspective view of a receptacle connector adapted
to mate with the plug connector with Fig. 23;

[0033] Fig. 25 is a front elevational view of another embodiment of
receptacle connector;

[0034] Fig. 26 is a bottom respective view of the connector shown in Fig.
25;

[0035] Fig. 27 is an isometric view of a receptacle contact used in the
connectors illustrated in the Figs. 25 and 26;

[0036] Fig. 28 is a cross-sectional view of a connector as shown in Fig. 25;

[0037] Fig. 29 is a cross-sectional view of an embodiment employing

stacked contacts in the plug and receptacle connectors;
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connectors illustrated in the Figs. 25 and 26; [0036] Fig. 28 is a
cross-sectional view of a connector as shown in Fig. 25/ [0037] Fig. 29 is
a cross-swotznawmabonti ew of an enbodi ment enpl oyi ng st ackedTasreaose3s n t he
plug and receptacle connectors;[0038] Fig. 30 is a perspective view of an
al tertn_atl ve[(r)gggpt acl e connector enbodi nent in accordance with the present
i nventi on; Iy IS i | that is
R L e e ) R
I[OSBZ?]GC}:! Veet?figeb_i\lnﬁntIrf&c@@llaﬁ@ac\t/ﬁhﬂxeimedéhgiswerﬁﬁmand 31 being mated; and

ig. IS a cross-sectional view taken through |jne | - 11
as shown in Fig. [6339] DEIIIEDaPESLEIIT VY P%BQ%I@Q@Q%LM
[ 0042] Referﬂgé%g%gd%&ﬁmcﬁgr%@&nfq Ploug contact 10 for use in a plug
connector is shown. I's plug contact has two opposed major side walls 12
and 14. A front po®{0dctHigrs?2 isdeetspéitve visnef tiblcynipgtarsimeligs. 3pendRds an
upper section 18 and a_lower section 20. Each of these upper and | ower
sect | glns co#ﬁmlgéé%iecb 3'BQ| rn%f opposed cantil ever beans, each beam havi ng
vardly conver iy r gb MR 5 S 8CHds QBtRAal BB YA (BRNERGhe XBSHITPRXIIANd &
di stal section Zé. ﬁe O%poseg di stal sections 26 argﬁlpr%f erably parallel

to each ot hesshofeindfigt 3. sections can be positioned slightly apart when
the beans are in relaxed condition, but come together when the beans are

defl ected as_th ject LSy | Pt E\@;ée contact (as
expl ai ned b&%ﬁiﬁ’ﬂﬁEg{:&PﬁQ&%EiL&w&o ec |odnﬁ orﬁ e beans duri(ng
mating. The side [pgddjs @éfeRingn6 IFuge1 ph@Dad plpgoetisctA® fondsedf.a pheg ni nal s 32,
34, 36 and 38 extend from an edge of panel 28. Termnal 40 extends, from

panel 30, alcongeotartinistowl. UFlik plug contari hes tye rppersr ajeroidswalind2 anfcldyi nal s

32-40 can copmprise through , | -10- L i
pins or sur f‘ggr n%ﬁﬁf{l?%gﬁ%l{%ﬁiﬁﬁgeﬁ%ﬁlgféy ’E‘gmglﬁg{g&%?@“ﬁ:@%ﬁgﬁﬁgg)gbaﬁaﬁgzzrf' t
arcuate bri dg{Bekeeli&Bnt Badofanéhe 4fperAntitsivel sestpaseotiprisascaytieof dpposai r

flow, is defined between the panels 28 and 30. The contact 10 is stanped
ot her wi se f canBlgverdeams; sagh den dewng igratalyORY ¢ EBIe REOTaLPeetien a?aagfuar&?e of

materials such as BROSPRYd RURDA Sedtioh 265 TRE oBFSsel lstiNsEQARRAS 6 @td OY'S.
| preferably parallel to each other. The distal sections can be positioned slightly apart

when the beams are in relaxed condition, but come together when the beams are
deflected as the front projection is inserted into a receptacle contact (as explained
below). This provides over-stress protection for the beams during mating. The side
walls also include planar panels 28 and 30. Terminals 32, 34, 36 and 38 extend from
an edge of panel 28. Terminal 40 extends from panel 30, along with a plurality of like
terminals (not shown). Terminals 32-40 can comprise through hole, solder-to-board
pins (as shown), press fit pins or surface mount tails. The panels 28 and 30 are
connected by upper arcuate bridging elements 42 and 44. A medial space 46, adapted
for air flow, is defined between the panels 28 and 30. The contact 10 is stamped or
otherwise formed as a single piece from a strip of suitable contact materials such as
phosphor bronze alloys or beryllium copper alloys.

[0043] Referring to Figs. 3 and 4, receptacle contact 48 is shown. This
receptacle contact has opposed, preferably planar and parallel side walls 50 and 52.
These walls extend forwardly in a front projecting portion 54, that forms a medial
plug receiving space 56. The distance between walls 50 and 52 at portion 54 is such
that the projection 16 of the plug contact 10 is receivable in the plug contact receiving

space 56, with the beams being resiliently deflected toward the center plane of contact
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[0043] Referring to Figs. 3 and 4, receptacle contact 48 is shown. This
receptacl e contact has opposed, preferably planar and parallel side walls
50 and 52v0Th@sa7oval | s extend forwardly in a front proj @criusgoosmsdson 54,
that forns a nedial plug receiving space 56. The di stance between walls 50
and 52 at portion 54 is such that the projection 16 of the plug contact 10

is receivable in th | ug cont.act recejVi i bein
resiliency dgf ILFBEFE@%E%SW%?‘&FS? h@cbce@ﬁ]tg g? d%vleg e°%‘§‘?&?%’ﬁ@5%°wréfﬁ’2‘h§§?ﬁct i ong
causes the ?fe%,gﬁﬁgm S8l phrtions pREINst Bieringiesutaesethe pbrinby4 foresisg ng t he

arcuate portions 24 against the inside surfaces of the ﬁg&tions 5% form ng
the recei vi iy speiciog5pacetss, tedavelop syiirhlepemadt sarmelioresy e SIS SPhe si de

wal I's 50 and so_incl ude h V. ﬁ% 1 Exhippdi ng

from panel %3‘5%3158 1153}%&1’ Eﬁsﬁcﬁé’fg’g}?g%{,ehsﬁ @6@%@@. %tbg%g%r?g from panel

60 there is stekihingls 6206A%6WRII68aExs@dareatom b 60¢hert imtesminabT0 sswelh) .

These termnals are essentially the sa&rﬁ as pr.evi ousl d.eﬁcri bed term nal s
[

32-40. The b devevaiother Gumannds Gt shasn) ol AEY IPEYBIIRGE BieHa ¥F}éﬂﬁa§?e£f§cuate
bri 491 10 €1 SRR R GsBfhadr FREHOLADI he S RORRIAC € APl Reclyo0

rw-se I'nasingle piece froma strip of phosphor
bronze al | oyepsraldesichite brdgogrésmatd 1and B0 P4pfefaby théregepthtlasontattas a pl ug

connector 75 having an insulative plug. housing.76. The using .76 i ncl udes
a front si delspgiamanedig othepvise Apnmsd 16ﬁ%b’ég%ﬁleiﬁgﬁﬁ?fa@tg%gﬁtﬂﬁ&&é’ﬁo%ﬁd 86.
The front prgj i i ortion 16 (Figs, land 2) of the plug
contacts isa%kggééée%guﬁ%la rel'?%% s 84, 86. The plug contacts 10 are retained

in the housing 7G0044]arFigntse? fleseate e plig cdnpesiec?s havénganingeletivnplughe
housing. This is acc i shed_ D) vi ng the.dihension Fi 2) .. the
di mensi on bdOREES 7503[{81??%%7(5%0 ?ag‘?ntasr]l%e ?ﬁa"f%a Bﬁg}tygap%&g’erel enent

42, slightl y grealefullan aflﬁ%6dﬁ‘ﬁg%h9%oj&tiéﬁ‘6r @ang Yortibn N6 YBighdlan 2) hat
receives this portion of plug contact . The front side 78 may al so

i ncl ude a sidfiiad plpg nomactays Ggeeehip @Pertfuss Shoifsi Thy rug pepragts pY Aregetainpd

desi gnat ed general | nuner al . 90. housing 76 _.al I e unber
of rear vertlfl(%ﬂ hob‘é%ﬁ%%ib&?él,méﬁ% %%EB@WF?W %lﬁgoggc‘[aar@%élﬂgdvﬁ %crsir ofrgm power
contact ret _aécg(i,rﬁ isﬁlg@tﬁh%n%%e R1eBE6 H (Fes. 2),4Be ERmindihbeBBeen Baetompposed
medi al vertical partitions 100 and 102 form between thema rear signal pin

array space digdof wall idusd tiy tohef badginpelemicatrt2 sBlyty gmaestighiite pins. The
have raspectiiveryoiptREErgBERTPHapESt BhRbIRT R AKEh e SR Bhleri whi e

The front side 78 may also include a signal pin array opening 88 for housing a signal

pin array designated generally as numeral 90. The housing 76 also includes a number
of rear vertical partitions, such as partitions 92 and 94, which form power contact
retaining slots 96 for housing the plug contacts 98. The opposed medial vertical
partitions 100 and 102 form between them a rear signal pin array space 104 for
housing the rear portion 106 of the signal pins. The housing 76 also includes opposed
rear mounting brackets 108 and 110 which have respectively mounting apertures 112
and 114. The plug contacts 10 have terminals 32, 34, 36, 38 and 40 extending below
a bottom edge 80 of housing 76. The edge 80 forms a mounting interface, along
which the housing is mounted to a printed circuit board or other structure on which
the connector is mounted.

[0045] Referring to Figs. 10-14, a receptacle connector 128 is shown.
Receptacle 128 has an insulative housing 129 with a front side 130 including a
plurality of silos 131 having contact openings, such as openings 136 and 138. The

front side 130 forms a mating interface of the connector 128 for mating with plug
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and 114. The plug contacts 10 have termnals 32, 34, 36, 38 and 40

extendi ng bel ow a bottom edge 80 of housing 76. The edge 80 forms a .
nount i ng wotesdiiee] al ong whi ch the housing is nmounted PQTAISPENSHOBEAES Circuit
board or other structure on which the connector is nounted. [0045]
Referring to Figs. 10-14, a receptacle connector 128 is shown. Receptacle

Lo hee o Tesiabive Mo el Lt 8 B

plurality of si avi ng “cont act “openi

138. The fr 0B of tamed8075.oT e frantpatiiciy SANFaf 368 opfhe kR pEORNRGERTs 2228 f or
The silos 131 are configured and sized to be

ti i th plugconnector 75. ( >d
;ngelclein\g/e\élvI in @ﬁ%ﬁﬁegd@ﬁ’@h?l%é36@“@81%?{5%%301(347@36 sized ond coiiguresht Sekivdi gs.

3-4) of th 0 r Dsfg)q& it hi ilos 13 openi ngs

134? 236 a?eﬁfﬁ?g%paglﬁgo‘g%rﬁﬁe?gﬁrﬁe% a1(:iloﬁr ecel %geloﬁ\f\%cyhdgp%e @?\I& Sf%e\/\@;&q?égt I ons

18 an 20 of pkuwa puorteiving até 14Dheitlh si(gnillﬁ?mdaeeilz_ar% a{pﬁms,smg?gguﬁg;éggﬁ;? \; ng

140 wit ' |, pi.n receiving apertures. The housin :

Slr 3?al i ty\Mof Qﬁ‘ih%nag@l"{pah]ﬂ §§rgal§gq%or§$s iiraﬁ P?lit‘élﬁgz Ymang %M@chwﬁqrsr?h for Lnl ]
tact t adgy i n A48, _

housi ng 152 ¥ L ke P LBl 38 S i o8 g 1 20

al so i ncl udescappossanal eeneptanlgrointagt araclodt TheHousing 115 lswhidtiied apposed

tivel mount i ng_apertuyres nd 162. The receptacle contact
Formi nal s 67 0ou R e BREl 56 38 iR, oty doaheavina WATURSIAG { he
mount i ng i ntgidf woe Tok réRprBlashRcERRANBELY?, 42%6, 63 &1 gé %&E%&ti%aﬁl?’ﬁ) of the
housing 128 also has a plurality of vertical 'spaces 176 an , di sposed

bet ween si | o%irfaga 137, dod 6yrsribe movetingintarfaconf moestacl8 camecioe tl 28.0 €thei front

i 129 erfere fit, in essentiall he sa nner as
provi oasiy dode. P AThEhoRHREOR did has i Ehin R atabel F5oSPERAI G, « ne
contacts in dissed Baheansinsligns substantial portions of the walls 12, 14 of

the plug contact and walls 58, 60 of the receptacle contact to be spaced
from surroundi ng [§94@ls 'Bie fepepticie peniadty 48 prsuetaingd ivbowsing 2%y aFhi s | eaves a

substant| al ACARRELL SNy ARSH 368 000R. ot e quLacts, (hncludio the

pl ug contacts), exposed to alr, there

capabi | i ti eplugecontaitpE). | Bethinirpugh c@ﬂﬁlﬁt@ﬁiﬂh@@as}ﬂiﬁﬂlﬁﬂbﬁwﬁﬂtﬂ]gw@ﬁions of
di ssi pati onéﬁag(aﬂi |ities are desirable for power contacts. [0047] Fig. 15
e

shows anoth Yl e dftred dcoriug oontactssd yiats 5E¢ﬁ9 ¢fitheracepacle contact to be

spaced from surrounding parts of the respective housings 76 and 129. This leaves a
substantial proportion of the surface area of both contacts (including the plug
contacts), exposed to air, thereby enhancing heat dissipation capabilities, principally
through convection. Such enhanced heat dissipation capabilities are desirable for
power contacts. '

[0047] Fig. 15 shows another plug connector 200 embodying the invention.
In this embodiment, the housing 202, preferably formed of a molded polymeric
material, has a front face 204 that forms the mating interface of the connector. The
face 204 includes a plurality of openings, such as openings 206, formed in a linear
array.

[0048] Referring to Fig. 16, the plug connector 200 includes a plurality of
plug contacts 208. The contacts 208 are inserted from the rear of the housing into
cavities 212 that extend from the rear of the housing toward the front of the housing.
When the contacts 208 are fully inserted into the housing 202, the contact portions
210 with contacts 208 are disposed in the openings 206.



In this enbodi nment, the housing 202, preferably fornmed of a nol ded
polynmeric material, has a front face 204 that forns the mating interface of
t he connewOanos/0img1f ace 204 includes a plurality of opeRCEHIS2008084238S
openings 206, fornmed in a linear array. [0048] Referring to Fig. 16, the
%gg connect or 500 includes a plurality of plug contacts 208. The contacts
are i nserte t ext end
fromthe rear {)(?1 0%%;31%131% MAB%RQBF%'C'%? ta'g{'ﬁ@ﬁ%ﬁljdg?ﬁg%ﬂ%ﬁ&%&@
contacts 208 ﬁ{eqalﬁglbcbntadt@ﬁQMmd Higitlo It heldesspaced AAR]-likbevallo Al 41 6gimatt i ons

210 th tacts 208 d d h
Fig. 17, ¢ h@THFAICEAPEOR FUE PSRN THRD ARt RN ug
contacts shoyn, bﬁdgﬁlg ele;n ng ’2 851&1 gf?ﬁdﬁﬁfgeﬂ@ﬂ@iﬂ 'Iﬁ%ug‘@ﬂnb§d1%ﬂeﬂt tigsl 6 t hat

preferably are pla stantl y parallel. The wall's 214, 216 are
joined by a cbmanttsebmmglm fe:irmalﬂryttw@]@pam cantilesered beaigs Al theengend 220. | n

t hi s enbodi nent, the confact an 2

canti | ever edt R &iREt lgps P%ﬂi‘? V@ilﬁgi ﬂﬁo?’?ﬁ?’&?ﬁ{% Sﬁe‘g%ﬁ“’ﬁﬁ&s &/@F‘ nsgqﬁ%f 216.
Preferably, %ag] ldloﬁl%fi)&%ﬁ oPthfe'engélgfﬂlamlﬁ YhefveaRed 420 @ sinbRidE om of
t he edge of the 216 al so include |ateral posi tioni ng

el ementﬁ sua:tbraapodmmlng a]mgsnmzmchfaabetdéan%ﬂﬂﬂgfor henterang the contpetivithiBavi t i es
212 in housi n ch wal | des ,a, posi ti.onin featur such as
rai sed |ug 2@ itieg éb% Oﬁﬁ’élgf%oanta %f @?ﬁ& l%ql%qur?tpoﬂ]gmlnﬁ%f:ﬂar&suc ®arwar dl y
ext endi ng rqgﬁgﬁlu%@ﬁr m 228 that is cantilevered at its proximal end from
the bridging element. Arm 228 includes a | ocating surface 230 at its distal
end. [0051] Terni[A65®, TEhechonidridpingeigmense8 pichules 2 scarwridbyextendng t he

bot t om edge m?'g%a}f h éc%‘ﬁ%ﬁsfglitjlﬁ\(eé%‘g% its§ proanl%k nc?ﬁ?mct letf g1 efgﬁfenf o- board

pins (as shd

[0052] As C%mbgzssﬁ@md%chﬁtlﬂgs&?acetzt;@atclwmaataleOS can be formed from
sheet stock by staggll ng an orm ng art froma strip of metallic stock

suitable for forrd ]el&ﬁhﬁ@&lsu@mth&“gﬁ Wk@léﬁ%%%@{(@n@@%@ﬁ bgHomet ai ned
on a car t
oo Preart! orpdh ol Packyidia 208, BRELh R ER BE ARG LR b pisehBull | OF

i's inserted drb chapsidygeRd orbafer types bERiminalso cavities 212 (Fig. 16). The

contact 208 is located (in the vertical
[0052] As can be seen from Fig. 17, the contacts 208 can be formed from

sheet stock by stamping and forming the part from a strip of metrallic stock suitable
for forming electrical contacts. The contacts 208 can be retained on a carrier strip S
for gang insertion or separated from the strip prior to insertion into a housing.

[0053] Referring to Fig. 18, the contact 208 is inserted into housing 202
from the rear into cavities 212 (Fig. 16). The contact 208 is located (in the vertical
sense of Fig. 18) by engagement of the bottom edge 215 (Fig. 17) against surface 232
of the housing and by engagement of the top edges of the lugs 234 with the rib 236 in
the upper part of the housing. The contact is maintained centered within the cavity
212 by the lateral tangs 222 that engage side walls of the cavity 212. The contact 208
is longitudinally locked in the housing (in the direction of contact mating) by means
of the spring arm 228 that is deflected downwardly by the rib 236 of the housing
during insertion and then resiles upwardly to position the stop surface 230 at its distal
end against or near the forward surface of the rib 236.

[0054] The downwardly extending tang 24 is preferably received in a slot
225 in the housing, the width of the slot being substantially the same as the thickness
of the tang 224. By capturing the tang 224 in the slot 225, deformation of the wall
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sense of Fig. 18) by engagenent of the bottom edge 215 (Fig. 17) agai nst
surface 232 of the housing and by engagenent of the top edges of the |ugs
234 wit h wbeosdda7®36 in the upper part of the housing. Phe/useesmsd23s s

mai nt ai ned centered within the cavity 212 by the |ateral tangs 222 that
engage side walls of the cavity 212. The contact 208 i's |longitudinally

| ocked in thg, <G ofd I GECL] f mating) by neans af the

spring arm 22&§:Iﬁt8 ﬁ’:%sqlﬂlgﬁtjg%c}lg%th %Elﬁg%@g‘r’eglafl&ggi fﬁ%th i08n?%68¥°q #e si ng

during i nser tdvend asdh dthenisriesitédes theppatiot yf the wais i2t 2011 6t digyosédRrwhidyace 230
r near the forward surface of the rib 236.

at its distal .end against, o

[ 0054] The dSM@@gébéx BiSnhances Aytz) of thespaipgtngsmal foseasigeaerated ba s ot

225 in the hegmdcAdn of R WhEikDeAmkBe1 Sl ot being substantially the sane as
the thickness of the tang 224. By capturing the tang 224 in the slot 225,

def ormati on of t hi)OR] | fechown in B h8,gh¢ teomiais M6 tdrdebeldn theltovem ar ms 211
of the contact _.sectiop.are ur toward each agther. is limted to the
portion of tﬂgfa\ﬁg%gOgﬁlf,hoﬁilgggag’p%@wgﬂg‘?%‘ﬂr o dgfinesmonntings ipteafacerpf s
enhances conihe@bnfctdrhos g/%lg%tit%s%&ﬁiltedf&f&ﬁ?ntg@\gﬁi%ﬂ{ (ﬂar@y deflection of

the cantilever arnms 211. ] shown in Fig. , ? e terminals 226
extend bel ow t he B¥WS6bmFias iQewl 2Bshonf a tehepthde sommyc® Zor mbtirghwitio the@iug

surface defi ing.ipterf f the connector, alang which it is
nount ed on a&gl?llen? ggfdgtltr?%%ﬂ ﬁ 11%8'3“58.?86‘ [ é‘feplt—ch%‘?m{l@“ﬁ’f?dﬂféngﬁ%ﬁ% _
receptacl e cosmetiOliodsing TRithRGowpiBest MRl WE r&RpRERsAbs D44 UBLd ﬁ‘&ﬁd in
Figs. 15-18. The receptacle connectors 240 include an 1 nsul ative housing

242 that conpifasess24iroighe sijosgie subsiaptiallst eopanansndipam ahetifg interfaseiof thees 246

of the silos i.al opl a nd forma nmati interface of the
connect or . E%Oglr&lg%;af? %ggﬁlg%a%%%%%@% @Hec?l&% tS? ﬁ%mf‘%ge%t&’i‘tial@tc’%@éect i on
210 of the pplugcemntiacdsoPB8 ntinkhenietdrnaThe 9Hﬂ;ﬂﬁ§/%hec_gﬁﬁclglc%lﬁt%ﬂsQX%Of
receptacle contacts 250 are nounted in the housing 242, preferably by

i nsertion fr@atioyatedda the hpusingAtes preferabbpby mserionwront fhefteay. inR0savisieef er abl y
the top wall inn t fully to.the rear of the
connect or h O%%?%S?J};[O%@rq]él %?yéj ?g a@ﬁen 3&2& g% ttgﬁﬁa@{ﬁé o 3 ﬁ}i‘%boélsinﬁ d?’ﬁ%n% St es

252. [0057] fillg to teapiraditee conteot hduwsing! Berbl dcdverLaBRasiiNopedfed B the
illustrated in. Fi 21. The contact 250 is simlar in basic formto the

receptacle c“&ﬁ’tt’gégs%ﬁ illustrated in Figs. 3 and 4. It includes tw opposed
wal |'s 254, 256 thpbsAr eTid Fefcgﬁtgaé ¥ontact for receptacle connector 240 is illustrated in

Fig. 21. The contact 250 is similar in basic form to the receptacle contact 48
illustrated in Figs. 3 and 4. It includes two opposed walls 254, 256 that are preferably
substantially planar and parallel, thereby forming between them a contact receiving
and air flow space. The walls 254, 256 are joined by a front bridging element 258 and
a rear bridging element 260. The front bridging element 258 includes a resilient
latching arm that is cantilevered at its proximal end from bridging element 258 and

. carries at its distal end the latching or locking surface 264. As described previously,
the receptacle contact 250 can be formed in a single, unitary piece, by stamping and
forming the contact from a strip. As mentioned previously, the contacts can be
inserted into the housing while attached to carrier strip S or after being separated
therefrom.

[0058] Fig. 22 is cross-sectional view showing a receptacle contact 250

inserted into housing 242. As shown, the locating tang 266 is positioned with its
forward surface against the locating surface 272 in the bottom wall of the housing

242, thereby positioning the contact in its forward- most position. As the contact is
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substantially planar and parallel, thereby form ng between them a cont act
receiving and air flow space. The walls 254, 256 are joined by a front

bri dgi ng wbeneni47®@%8 and a rear bridgi ng el ement 260. TireTfuSeovs/0be28%igi ng
el ement 258 includes a resilient latching armthat is cantilevered at its
proxi mal end from bridging elenent 258 and carries at its distal end the

atchi ng or 1%s§ﬁk%§9@§ﬁ%sgﬁge tﬁ@ﬁtah% AR SQJ.SQ& ?ovliegf‘ﬂég &/Qﬁl}r\ﬁﬁﬁp& acl e

contact 250 uni ary pl ece, by stanpi ng and

form ng the cagiteaele 1hichifigdostidn 278 FsherBotsinpn kb the tatétong hym 26heesdent act s can
be inserted into the housing while attached to ca rler S or after

bei ng separ alpé’élqlﬁéﬁ@fﬂ?wes[fb@)%ﬁhlm EFC)“Q@W% the logking spyip ‘i?réﬁ%e\?g%%s@how ng a

receptacle GORLAM 28PMnikb R oty AR MR BB BanRPrARPH mdveRchORRA NG

tang 266 is p05|t|one sur ace agal nst the | ocating
surface 272 regpetthte thrdidusimgwdible tafnitde26hesemigbeddad thevarfaby2 Hbikiat fooms ng t he
contact in its forward- post 03|t|o As the contact isinserted in the
housi ng, théhq@PBIPﬁqudn?FW‘?Bﬁ néle?ita’hgdé)d to resile downwardly when it

engages the | atch (?@ POL¢ ﬂﬂQtra’tZ@nPlf&gé QQaQQ&?ZB‘@he 3 whitS JrRbis i 1B RAIR 262

resiles upwardly "a t it passes the |l atching section 278, the | ocking
surface 264 Xaggese d1spasedadbng11h31ﬁ$9d¢ Wials o b)ﬂl@ﬂﬂ@‘]‘ ebythlecfcmaﬁésuﬂf@econt act

t t th i to t.h T. t | s 268
Xt ond by orfoEhERA Pat BIUE AT AR ECA G RESEHES AR IOGEd: nf 05 VOB D

connect or 249%111&&%% A Xb hl7y it teapiaRairivaE or ddandyuet Adhily bbgordansar d

portions of t , 256 are dlsFosed al ong inside side walls of the
sil os 44. Atmmdmsmfapvmﬁihsmﬂaaﬁ 246. dhisaaehgemens provigasihe E@Wﬁé@f recei vi ng

openi ng 248 1hvss/8rfe8 &”Fglﬁag%%lf oggqlsgn\{ﬂ%elnr%ﬁ% uoqn%g%t&is%brana b'apes EA@ ar e

coplanar wt eyon he i nsi e sur aces 0

wal |'s 254, 2385 24hémerdhé apmruosmncg/wp&etmtabemﬁoﬁs :mfo ﬂoﬂwed Byl thieni t| 2l
insertion forces when the connectors 200 and 240 are As the si os

244 enter t venidloesteh g@nﬁlﬂd first engagsihe sprfeces ohtiALL 74 e%?qaﬁﬁ‘sthQ fgefﬁﬁ]leﬁ%

the cantil everged arns 11 fl C cause
the coeffici ﬁttlorbl? t‘fVP?rbtthlegam ?fe‘f%fsﬁ% aglg%éﬁé%/tgcr@% 25?;4#1% keg%m)%?dl O“}ég
pl asti c |i pSha/the cSeffieicat friceiby beiowen tHichantilehared amhd aicl thatndtalivedlison bet ween

the cantil evered arns and the netal walls 254,256, initial insertion force
i s minim zed54R20660itiakingertips fatkedsmER®IZ%Er enbodi nent of plug connect or

290. hi this [0060] Fig. 23 shows another embodiment of plug connector 290. In this
embodiment, the housing 292 has a single front opening 294 in which the contact
sections 296 of the plug contacts are disposed. The housing also includes a plurality
of openings 298 in the top wall of the housing. As shown in Fig. 23a, the bridging
element 218 and locating lug 234 engage the top surface 301 of the contact receiving
cavity and the bottom surface 295 of the cavity in an interference fit. The arm 228
deflects downwardly as the contact is inserted into the housing and the arm engages
portion 303. When the arm 228 clears portion 303, ‘the arm resiles upwardly to locate
stop surface 230 adjacent surface 299, thereby locking the contact against retraction.
The openings 298 are positioned above the latching arms 228 (Fig. 18), to allow the
arm 228 to be moved from a retention position and the contacts to be withdrawn from
the housing. This can be accomplished by insertion of a suitable tool (not shown)
through opening 298. Openings 298 can also provide air flow passages for enhancing
heat dissipation.

[0061] Fig. 24 illustrates a receptacle connector 300 adapted to mate with

plug connector 290. The receptacle connector 230 employs a housing 302 having a
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enbodi nent, the housing 292 has a single front opening 294 in which the
contact sections 296 of the plug contacts are di sposed. The housing al so

i ncl udes wopbawmabrifty of openings 298 in the top wall of pChasShasssergs As
shown in Fig. 23a, the bridging elenent 218 and |ocating |ug 234 engage the
top surface 301 of the contact receiving cavity and the bottom surface 295

of the cavity in an_.interf n fit. T A as
Che. cont act cPatida spRuapeSof FRBenbins ROFRL ST AE% M pEGIAs CRMAMRALY 20
Wien the ar mu228ti&! R Fade B0l ioPtheXdAnedihie3 (arisTdceiiel s opymivey 204y with thecat e

stop surface 230 adjacent surface 299, thereby |ocking the 5& ta&t agai nst
retracti on. cohiectaseliinsg96 2owrtad inte eRFRESHIE OAkReee Uftn OneatnghPHY MRLoP 28

(Fig. 18), to.al t he arm 2 r i ithon and
the contacts ‘11130113@%\?1{5%%% %Cr%gst‘r%q?ﬁgel o}é@%r%ﬁ] 9%?15? r%%eﬁp%leé)gbgg%ﬁép@ibghed by
i nsertion ofshewspdst@Bdrebet 0@ the(protioshanbyditbmough openi ng 298. Openi ngs 298
can al so provide air flow passages for eghanc' ngggewi SSj 'iﬁaﬁ L 061]
Fig. 24 illustratl8e62d rEreepbadimentohHig £6anaalso espbefipguteitdesée A% ug
connector 290. The r I : i 302 havi ng
aconti nuous F%%F%F§§§F§%3§a5§ ﬁ%?&%h nnéggfﬁr F§%§¢33q§¥$g§§gs i n°previous

embodi nent s.coffguretidn. ' Ehe icusingf302 & f 36eneofor 8Ae (Kigr2vdiae p badiomissder¥ei ved i n

opening 294, with the contact sections 2 i.nserted into, openi ngs 305 of
face 304. OFanicryLY; murﬁhthorfétanﬁttf\ﬁ}éq?ﬁweng? A RO SR E R s & to the

atching ar ol ol iulifg BahAGlE 69RLARNS oh ShpMleamiRtarided In the

previ ous enbodiirent. odiment of Fig. 24 and also the
enbodi nent  @infiagly, th howsitk Acoanectorsi2ithat ebotigm stirface 32 witl atandoffs 323.

configuration, as opposed to a ri ngl.e configuration. The usi ng 302

of connect orABUEPHAt gecepiagle ggutagts gg% (@ﬁ\%iaﬁ%lr@ﬁﬁ%%ﬁfoeﬁhg?l%ﬁnﬁs cgfopl urality

of standof f ahlRGES03aR 590 Fofh HRUBEMGidEL6T haESa1, Aspegivefy.ch. the housi ng
su

is nounted on a strate, such as a printed circuit board. Simlarly, the
housi ng of connect863]32Righ2Estmvisct teoentanle ¢antact 322 coinphsisg aRasofs 323.

Appropriate receptacl e con ts..3 L Q. e iLns ed. | . housi ngs
of connect orl%re§é%’ﬁ3éﬂldn§ﬁrqﬁ§g%apﬁéﬁb§% g}ﬁt g(%r{:@%e%gé% tzl%\l a?def C?gicg@élltéiovel y.
[0063] Fig. Zcéi%w’@ceﬁdﬁge}l%gkaﬁth@cs eoiMeagic (F@AoaayHedcsibeg Ehipebntacthas
preferably planar parallel walls 324, 326 that form between th réngyazgcont act

recei vi ng spaneinhis328 exendingdroph ateas edgeritesclbef thpavallyyas phax

descri bed. 'I:[ & Sontac t?ﬁﬁtis rhe%eszived in housing 330 in a manner similar to that previously

described, wherein the resilient latching arm locks the contact against downward (in
the sense of Fig. 28) movement, while a locating surface 334 locates the contact in the
opposite direction with respect to the housing. The terminals 328 extend beyond the
plane of the mounting interface of the connector housing for insertion into through
holes in the printed circuit board.

[0064] Fig. 29 shows an embodiment employing two sets of contacts at each
location, in a stacked configuration. The receptacle connector 340 has a housing
formed of insulative material. The housing 342 includes a mating interface having a
plurality of openings 341. Each of the openings 341 open into cavities in housing,
which cavities receive substantially identical receptacle contacts 344a and 344b. Each
of the contacts 344a and 344b is similar in general construction to the receptacle
contacts previously described, there being a pair of such contacts in each cavity,
generally aligned along the side walls thereof, to form a gap between generally
parallel plate sections 346. The plate sections 346 have two opposed edges 348 and

350, one of which carries a retention feature, such as interference bump 352. The
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termnals 328 extending froma rear edge of each of the walls. As shown in
Fig. 28, the contact 322 is received in housing 330 in a manner simlar to
t hat prewouséep4dEscri bed, wherein the resilient |atchi rgTarseoosonsdesst he
contact against downward (in the sense of Fig. 28) novenent, while a

| ocating surface 334 | ocates the contact in the opposite direction with
respect to the housing. . The t ! : . : t he
rount | ng. | nEOEPHCLE ok SO B e i} ERSmER PRtk PR

hol es in t henphtefftRAcE it GWittd bpdtetbuni0BiR4 | Edehgonta&t ssbibos3 Hrinelmtiexh ment

enpl oying two sets of contacts at_each locatign, jn a stacked . .

conf i gur at i @energhy corlarastverd] sectiininde t gie Ve el‘i'é%nsaiﬂc?ﬁgi%ﬁe HBrdgss

i nsul ative | &5 olf i S GLUARS eifBE 85 ckiBhEHbACA duayi ng a
plurality o%%%tgorélngr?gssngt%lgq%gﬂéﬁﬂ%gﬂﬁe%peﬁ?ﬁnas 1341 opgn into caveimt%i es in
housi ng, WhigFhheayil kéotion P64 cinvies sasb sharetthatdyneride 340 sdb beasehinacvestiednt act s
344a and 344b. Each of the contacts 344a and 344b is simlar in general
constructi or?opgg‘t“]arﬁmil-ecept acle contacts previously described, there being a

pair of such con;[agsa i’f‘h@ﬁﬁt}i‘%gg@\\;\%t:bfnnegﬁ)?gg@ﬁﬂducﬁhh%tﬂgeﬁ(g?lgeﬁbﬁo@ de

wal I s thereof, t orm a gap en generally parallel sections 346.
The pl ate selithatse@dtshapar diptuppamtestsd suelige sipsadlegeosn 362 aad g loeth
s interference hu lgg}Zﬁ Ther.ecept acl e
[

carries a retention f t’f e, ?uch ?
cont act sectHl%goﬁ?féﬁge L%"‘teé} HetPTiarts 418 © FyEBy4 B4¥Ans, such as
an interfer 3{}8@0{1%1% d64cPBLE Gally) P@in@lﬁﬁmgea@ a PagT spavetl aeill eidds®B643n6

e

i ncl udes a nerally coplanar wall section 354. The wall sections 354 are
j oi ned by a HSirdgrectedy joned3Bsbriding eloments endrrarayiag oppsAd santprtdsams PO

termnals 356 end from an edge of th Ll < S i { ) e
where the coar‘mg%b&? e%%eirp%e ¥rge eﬁ%pé%ctl‘? ﬁlagé@éé?'t ?géakﬁl%c?ﬁgl Stuérdgt]itﬂgﬁfl&[a%OGS]
The mating pliide GRRAGEYWng36Psdvel, Udiatvely BRdrd exlidpiigi@ndnts BEithatoin twat
receives a palf of plug contacts, such as upper Iu%tcont act}é%@Z and the

| ower pl ug capposwmt plaEs 364 hEsebestonyedssit/dof saghy of tg%ﬁ §ReIJRIrS IO ¢t he

manner previ Qus descri bed anel y. heing i ; d wal |
sections 36454 %’bsga? %ssap}]el@{elr@gflvefﬁﬁ" g’gﬁ]bgﬁ%%F%&Oﬁgcg?%%%tg&gﬁgﬁgirryi ng
opposed cont agityhaanE hd@fneel B rrkrare bt bitecaptrddidpipsitmelte3P6 at es
346. The plug contact 362 1ncludes a single, rel %ttl vg‘[%:ﬁ%%n or several,

rel atively s#hthe irsenfergnoeduatpedidn ehayeb 1R SenEHP §g‘i’9_nﬁ5"l’rht es 364.
The bottom edag 342 OloufAuflzed NSinRlyS fowid Pl tohthd RS 76&0a1HsOR pair of

coplanar wall or panel members 378 joined by one or more bridging elements 382.

The lower edge 384 of each wall 378 includes an interference bump 386, that
functions to create an interference fit, as previously described. Suitable terminals 368
and 380 extend from each of the panels 364 and 368, beyond the mounting interface
363 of the housing 361, for associating each of the contacts 362 and 376 with
electrical tracks on the printed circuit board on which the plug 360 is to be mounted.
[0066] The exemplary receptacle and plug connectors shown and discussed
thus far are generally configured to be mated in only a single direction. For example,
the right-angle plug connector 75 shown in Figure 8 is matable with the right-angle
receptacle connector 128 shown in Figure 13 by converging the connectors along a
horizontal (lateral) pathway. These connectors, by virtue of their configuration,
cannot however be mated along additional directional pathways. Alternative
connectors contemplated by the present invention can provide multi-directional

mating, as discussed in more detail below.
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structure, such as an interference bunp 374. The plug contact 362 is
retained in its cavity within housing 361 by an interference fit between
t he bri dgwogoelamemt s 376 and the interference bunp 374pcalushasgbe23s i s
contenpl ated that other retention nechanisns could be utilized. Simlarly,
| ower plug contacts 376 conprise a pair of coplanar wall or panel nenbers

al 1 3781 ncl udedO 0T e GrReIRRS Kiks SR P o IRi Ko BTt  oaeh

wal |l 378 incl ude en t’hat ons to create an
i nt er f er encelpbiid showm thaEN iauBbytodesdvd Deldg cGmdcat herivertatiyakgic8hs oand 380

extend from each of the panels 364 and, 368, beyond t ti interf

563 0f the HowSPRglvaGREcehareAsasaIoR PR iDEIch S BITHE A LOMO SR 76

with electric raek i i i i 360
ﬁléaatts 4?@0?8]%] cﬁﬁl@ Wb &&Egﬂrécle cbHbts 450 Mt R o WAIrR spdeed BhaHd

is to be nmodi e exenplary receptacle and pl'ug connectors shown
and di scusseglieWals 422randragplge oattadt kecevany spgee 424 defired thatletween. didy a
single direction. For exanple, the right -.a&gl gl ug connect.O{ d75 shown in
Figure 8 is wallsdBleagh hwetaréed&qabqﬁtsﬁa prap élg% BRI RR A RIBIPAFIE Y hown i n
Figure 13 by, colyergung call?éig%l{m(félgﬁx%lﬂn%gﬁateti%w@m@fen( bt i

pat hway. These corinectors, by virtue of” their configuration, cannot however
be mated al dngitablsy tircmabeidi mbletto dowl frquatiakayfshe sile siaHs diredlyco ireprined

contenpl ated by, t he present_i.nvention.can provide multi-directional mating,
as di scussediicHit FEPEULF ulghbtélog%.sfb%éﬂm Jrring now to Figs. 30 and 33,

an exenpl ary 1 ecephag eraOBIRK BhndAd HotsiBhawo iidalesafradantiad fico 1ecel ve a
pl ug connector horizontally, vertically, or rotationally. Receptacle

connect or 40fdiaetardematingtros # iy thatl B paefarablppastiivapd athesansly kckent420. Each

of the two receptacl cts 4 i ncl udes,. [ i Side
wal |'s 422 arifl‘i}af‘élfP a&@g%%ﬁpg fa§8 é?%/fnr‘f dgf)gl?g%ﬁ‘gaj Oéeélﬁlﬁ%szgﬁfﬁgtrlggg]td\%\een. Si de
wal I's 422 eagh.lay g SadicfRbEdins@pach 404rHatha facd2B1 nofudengraingg 435pr i nt ed
circuit structure, so that current flowis relatively unrestricted (that

is, current Qpanmgs 3ipsthitdiotisentpymasings while premirgssi@ormitveRisk maiieach of

the side walls directly to.the i.nt Ch:r Ul r: G : h its own
set of terni %Bemn[gé@%aé']beﬁ%%%%(?é’é é’?cglgnal%lg@tlﬁglﬁt %tgd}shﬁl%ﬁﬁti%g)ﬁ%?udes a front
mati ng face &hiectaRd IR apegene smabsdigehiasel dlshowhah Fig 30y efeaimby3 posi ti oned

orthogonally to front mating face 412. Mating face 412 incl Udﬁs i ndi vi dual
openi ngs 413 t5abut fsr dafingsonideuys opFiRgsid Oc SHER EQNHUORT ORHFIES 3B WS 19424

mating face é)%‘zf%ioinglcclo%ggc orotggtli]lj@) GhefthiPa plug connector (for example, plug connector

500 shown in Fig. 31) can initially engage the receptacle connector along one
directional pathway and then be rotated to a final position.

[0069] Referring now to Figs. 32 and 33, plug connector 500 is shown being
vertically mated with receptacle connector 400. Plug connector 500 includes a
housing 510 and two plug contacts 520. In a preferred embodiment, each of plug
contacts 520 comprises spaced apart side walls 522 and a pair of cantilevered beams
524 that define a front projection 526. The cantilevered beams have an inwardly
converging proximal section 530, an outwardly-directed arcuate section 532, and a
distal section 534. Alternate plug contact designs can include a single side wall and a
front projection that is different than that shown in Fig. 32. Plug connector 500 is
illustrated having an overhanging shroud; however, this shroud is an optional feature.

[0070] With the vertical mating direction shown in Figs. 32 and 33, the
outwardly-directed arcuate sections 532 result in the cantilevered beams at least
initially only engaging a second region 426 that is distal to a front region 428 of an

adjacent receptacle contact side wall 422. Cantilevered beams 524 resiliently deflect
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Openi ngs 413 permt horizontal mating, while openings 415 permt vertical
mati ng. The openings nay be tapered to inprove alignnment and initial mating
of the compeotsrs3071l n a preferred enbodi nent, and as sh®em/use00Ei062380,

openi ngs 413 and 415 abut to define continuous openings 416. Such
continuous openings allows for rotational connector mating, wherein a plug

connector (f ClQkh S in Eig. 31) can initially
engage t he rgel{c"‘é%%@&%%éi gﬁ%g%}t%%%o&n h%%?%%(tﬁc?g%@i tﬁﬁldeﬁ%‘itwwyarﬁﬂll{]lﬂen be
rotated to atifecantilepasi beans efda@B]frdrefeidrsrQs @M Re&tite cracBide 3Rd1s P! UY
connector 500 is SBOV\% be%ﬂg}g yerticall é} mated with receptacle connector
400. Plug cofh¥eloPistgestinms 344 some ipasther gpoyn eoraplatermating, bt aoadiakais 520.
hi a preferr Y pgeralel f conmpri ses, spaced apart
i de vl 5 5 H e B L S L SR n SR o

proj ection 5&6ilitathdeatatissigatiorr Edhbeldive notedehatnhe reoaytadly a6@PNEIcGhM@tRE OXi Mal

section 530, .an o.uhpwardl%!-ggrec ed agrcuate section 532, and a distal
section 534. SHRPETAEWCSP01g3 @mthewn EmE WS PORNT PRt Tiewithinstha gespective wal |

and a front gskest hOidddbutiaSereithd &80 R bP&nta é)mdi_eqﬁgtll\g%dé%sz we I ug

connector 500 is illustrated having an overhangi ng shroud; i's
shroud i s anavipe pdditibn pesigualeonfa®®70] Wth the vertical mating direction

shown in Figs. 32 3 t he. ou rdl.,y-directed arcuate sections 532

result in the canE@?gbeig‘ap‘f?é{éf’r?ﬁfy\;ﬁ%s?rgégtre‘iemaf’ﬁéna)p(f%?cy“%%}’hgp]éteélecond
region 426 t&adthérsish swhd with ébrfdsRitredifahtiRatéids OhBN Ay acl e
contact side wall 41122. Cantli I eversed rﬁéam; 5%%@%3%%%%&%@%%@%%??&2@%&dI y

toward the c@ayee bpwehelightlyph i teowmvese disRfon Thehaded ¢rempémenttveish thesul t i n
the cantilev en in ront regions 428 of the receptacle contact
side walls agorng%ﬁe.%g%?nﬁ 5‘%?%§§?f%‘ﬁ_§eq§§%°%§%taf§get her upon conpl ete mating,
but a medial air PaR2540hé SRRk RRNNRELHBE BoMaEERRId aRfa confiBsOPPOSed
cantilevered beans to facilitate heat dissipation. Ipt shoul e noted that

t he recept actBPlaR@e HPResies ieladraly thiv wallh allawrifen greaterdmaBdissipaticshswn havi ng

two power co ‘i]ﬂﬁﬁ: 4 hn &k specti.ve connector.housi.ngs, but a greater
or .fewer nun@er o@%&%pgg{slgﬁlﬁb@aﬁgn TS 8?“%%011%‘&’(%&1%‘2%@45% of
si gnal cont amngectpBOT dimilkheizpaed bowed HandRSEEdpaBHitice RO AR Sragy®d P! UY

contacts may be plated _or otherw se coated with corrosion resistant
material s. ACEBeCtRReAslitrlosed havcrrrbeamatelay ampothe gusfidegned. yThen t he

transverse dipheeloiQBrbR MRPNFEE HEQQ%%%O%EQS 8t from the contacts having

greater surface area available for convection heat flow, especially through the center

of the mated contacts. Because the plug contacts have an open configuration, heat
loss by convection can occur from interior surfaces by passage of air in the gap
between these surfaces.

[0073] The contacts also contain outwardly directed, mutually opposing
receptacle beams and dual, peripherally located, mating blades, in a configuration
which can allow for flexibility in modifying coﬁtact normal forces by adjustment the
contact connector geometry. This can be accomplished by modifying the bridging
elements to change bend radius, angle, or separation of the walls of the contacts.
Such modifications cannot be accomplished with conventional singular-mass
beam/blade configurations wherein the opposing receptacle contacts are inwardly
directed, and the mating blade is located in the center of said beams.

[0074] Such dual, opposing, planar contact construction also allows for
easier inclusion of additional printed circuit board attachment terminals with more

separation between terminals, compared to an equivalent “singular-mass” bulk
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contact receiving surfaces of the receptacle contacts. [0072] The

"dual - mass" construction of both receptacle and bl ade contacts, enpl oying
opposi ng,woebatd4veghy thin walls, allows for greater heaPCHits2005a86205 as
conpared with prior "singular-mss" designs. In conparison with "singular
mass" connectors of simlar size and power handling capabilities, the "dual

mass" connechor | oxigately two tines the surface
area. The en gsﬁl esdali:h&%rs gﬁil%?ﬁ%%\?v@%%eﬁ@g{esm g‘gip‘gﬁ?@ﬁeﬁ%ﬁ%@? f‘?né"_?tsr Lt from
t he cont act sttisupprgtugite &rroddinbaggualigeofavaik 80 tE:afinfe By 8&dH Qmtdepat

flow, especially_ through the center_ of the mated contacts. Because the plug

contacts havBathnThisehessamsorasiFiaioroet cureat flow éa theyrintadvatsuitdoadathesbyur from
interior surf@%ﬁgl}&i m%g&%&gerﬁﬁé&éa@ﬁ%%tgﬁp bet ween t hese surf aces.
wa y [

[0073] The contacfs also contarn I'fected, nutually opposing

receptacl e beans H8I5Hudhe ugesf ppdvainlanyplug eaitag sedtiinl aidwhlBSIRSepthdle 2
configuration which bceta;ﬁ allow for flexibility in nodifying contact nornal

forces by adfUeedieiorbentered dmp Reqtectehprstiiayw ﬁ@mldetiﬂi"pb’nﬁ@ﬁdfb?migg for
| i shed, L el SOt I s
ST S0 i ol 108, SRR SO A

angl e, or separation of the wa e contac
cannot be acwoewitiof pelymerit matennt @sed inmadkisg the lloasingmThisheass BhAel costs

configurations ereint opposi ng recept.acl e contacts are inwardly
directed, an%}ldt%a‘ﬁ‘ifts ?lﬁ@t%gﬁsg’g °?'SA?586§¥ éfgalmﬁlgt%cqs’é%%m the hausing Bdbgrs.
[0074] Such gufder sREREGHNickRIANGFucRREY B e COPRIE Yhd 12D ] ]El?e %ulcﬂl\g%s for

easier inclusion of additional printed circurt board attachme m nal s
with nore segarhstutidized edlvod evhicheendianeds hieatabssmiien fitom die cognscwas.ent

"singul ar- magsy...bul.kdesi gns. .The use.of .rel.atively larger plates in the
plug and r ec%%?lgglll%ﬁ’c ﬁlﬁ?iﬁaﬁ?’ ]ﬁiﬁj’éga fyngtiong B’rctaﬂﬁﬁtlvommﬁflﬁﬁlb’i HY a
plurality ofdisilogdichni@es @yitehHyabEn ) - & ens
constriction 1of curcrent frl_%w to'the p}?liqgntﬁleg&cg?l?gﬁ?l?%@%@?ﬂgﬁeﬁ%éﬁqﬁ%mri ng
resi stance aifatactsydryichgngiegthedensih af themlug-807i5ing Toetiorsef thé raepanipl i ant

plug mating geetion allows the receptacle contacts to be placed in a
protected position within the nolded polyneric housing for safety purposes.

This feature is o076l thies arlblebeticttibeanisse bémbﬁ@@@sﬁﬂ leBlaA @110t amount
of polymeric material used in nmaking the housing. is 1owers materi al

costs and erfSeiiRiseladlovsiferstisghment of aptemionyeanst sichian g resiléentem act s in t he
housing i n t#& tire as shown in one of the current embodiments, in a manner that does not limit
current flow or hinder contact heat dissipation capability.

[0077] 1t will also be appreciated that the plug and receptacle contacts may
be manufactured from closely similar or identical blanks thereby minimizing tooling
requirements. Further, the plug or receptacle connectors can easily be associated with
cables, by means of paddle boards.

[0078] While the present invention has been described in connection with
the preferred embodiments of the various figures, it is to be understood that other
similar smbodiments may be used or modifications and additions may be made to the
described embodiment for performing the same function of the present invention
without deviating therefrom. Therefore, the present invention should not be limited to
any single embodiment, but rather construed in breadth and scope in accordance with

the recitation of the appended claims.
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manner suggested, thick wall structures can be avoided and thin, fin like
structures can be utilized, all of which enhances heat dissipation fromthe
connect orwo 20abdiq4vizonal |y, first-make, |ast break functi ecaltistgosoasribe

i ncorporated easily into disclosed connector system by nodifying the | ength
of the mating portion of the plug contacts or by changing the length of the
pl ug-recei vi ortion of the receptacle contacts. [0076] The arch

connecti on w&?fg‘f&ﬁ@niféifmeen opposi ng rectangul ar contact sections al so
allows for attachnment of retention means, such as a resilient armstructure
as shown inione Ofathble ekdtricendonaatioad] cremirtsing:n a nmanner that does not limt
current flow or hinder contact heat dissipation capability. [0077] It wll
al so be appreciated that the plug and receptacle contacts nay be

manuf act ured frony) glpAsedoyinédtéd dodipridingt denti cal bl anks .t hereby mi ni m zi ng
tooling requirenents. Further, the plug or receptacle connectors can easily
be associated with cables, by neans of paddl e boards. [0078] Wile the
present invention has pgghsteaahs;hed in connection with the preferred
enbodi ments of the various figures, it is to be understood that other
simlar enbodi nents may be used or nodifications and additions may be nade
to the described enbod)yiite {iitacPal o6 phitllly dRpsedyitiun eid glag nbusdillg thy esent
i nvention without deviating therefrom Therefore, the present invention
shoul d not Ipéug ¢amittee thehalizgy pjastibe fardnsaiing Arccepigelercaniset thedWaicFiRY i n
breadth and_scope in .accordance.with the reci I e ended

cl ai ms. What HR¥mgRATRIFHa ie.’cg%f‘“é%?%mé élﬁcﬁ}’flga?tg(géllﬁﬁ%g? %%tfsog’ %%ﬁgri sing: a) a
pl ug connector conprising: i) a plug housing; and ii) a plug contact at

| east partially disposed wthin the plug housing, the plug contact

i ncl udi ng a proj éﬁtairé‘f?l’fat‘}g @Hﬁﬁfﬁ‘i’rn‘ﬁmgm ptacl e contact, the projection
havi ng a proxi mal section and an outwardly directed arcuate section; and b)
a receptacl e connector_conprising: .i acl e housi n%‘ni ncl uding a

front mating face; and) ?iff}ceﬁtai?léé‘@]éii%%ingh’(rflg‘?cﬁfg%f’mcf% &wPthi n t he
receptacl e housing, the ,
ii) a receptacle contact disposed within the receptacle housing, the
receptacle contact including a pair of spaced apart side walls and a plug contact
receiving space extending therebetween for receiving the plug contact proj ection,

each of the pair of spaced apart side walls having a front region proximate the front

mating face and a second region that is distal the front region;

wherein the receptacle housing includes an opening that is in fluid
communication with the plug contact receiving space and that permits multi-
directional mating of the plug connector with the receptacle connector, and wherein
with a vertical mating direction, the plug contact proj ection, via the outwardly-
directed arcuate section, initially substantially only engages the second region of the

side walls.

2. The matable electrical connectors of claim 1, wherein the plug contact

projection includes opposed cantilevered beams.

3. The matable electrical connectors of claim 2, wherein a medial air gap exists
between portions of the opposed cantilevered beams when inserted into the plug

contact receiving space of the receptacle contact.
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receptacle contact including a pair of spaced apart side walls and a plug
contact receiving space extending therebetween for receiving the plug

cont act pwojeatd4mrl each of the pair of spaced apart si #eTweskéos/obe@ss ng a
front region proximate the front mating face and a second region that is

di stal the front region; wherein the receptacle housing includes an opening

that is in fjuid ( i i cpnt.act. recei vin and
that perm tsJLmJI t?ﬂw{eyg% ?%!F’lcgﬂqca\rll\rﬁﬁ lllﬁlneé{%gﬁ‘ &{(ﬁ%mp ’u‘)&heé%lﬁﬁgeclfell}? c#’f‘%%’ﬁgﬂ
receptacl e cinnludes pair afishavkeseirrsiddvalis &rovewhichahe pRjdcign ditedd i on, the
pl ug contact projection, via the outwardl ydirected arcuate section,
initially substantially only engages the second region of the side walls.

2. The matabj.e el €k matble deuties toircts & i 1L wiheh ShdrebHRadM BELsGRNT act
proj ection includes opposed cantil evered beans. 3. The natabl e el ectrical

connect ors otPeBng s dlesgat lpast pretifinalof bpth thaforienating fet mebnfiotitt ons of
e oPoPosed SRRl RS RARRD RRL AR o IREELH mbORtd ® 1T, COM 2%t

recei ving space o e rece contac Yabl e el ectrical
connectors of claim1, wherein the plug contact further includes a pair of
spaced apart,sid (o] i ch the pragjection.ext.ends. The tabl e
electrical cBnnec orﬂggtgpfecﬂqégf%ai?owgpgsl%Cﬁaﬂl@ ﬁé@?ﬁ”&&?@ ?éh%?*ﬂbo peni ng
extends al ongaedd dpaasidenoills igelad@fa Hoklityt dRelnkiams fiRdleAginf 2¢emaRAtidul ace
that is positioned substantially orthogonal to the front mating face. 6.

The mat abl e $[UEBES-i cal connectors of claim1, wherein each of the pair of
spaced apart side walls includes a plurality of termnals for engaging a
printed circuit structure. 7. Matable electrical connectors, conprising: a)
a plug connett or Meinple deatigeal cynnmcior gotpasingg; and ii) a plug contact at
| east partially disposed within the plug housing, the plug contact
including a pair of .spaced apart side walls and a cantil evered beam
ext endi ng from am)eddes cinnectohcahprisiez:pai r of spaced apart side walls; and
b) a receptacle connector conprising: i) a receptacle housing including a
first mating face having a first

1) a plug housing; and

i) a plug contact at least partially disposed within the plug housing, the
plug contact including a pair of spaced apart side walls and a cantilevered beam

extending from an edge of each of the pair of spaced apart side walls; and

b) a receptacle connector comprising:

i) a receptacle housing including a first mating face having a first
opening therein, and a second mating face positioned substantially orthogonal to the

first mating face and having a second opening therein; and

ii) a receptacle contact disposed within the receptacle housing, the
receptacle contact including a second pair of spaced apart side walls and a plug
contact receiving space defined therebetween, the plug contact receiving space being
accessible through either the first mating face, the second mating face, or both of the

first mating face and the second mating face;
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opening therein, and a second mating face positioned substantially
orthogonal to the first mating face and having a second openi ng therein;
and ii) awvoeocepuacie contact di sposed within the recept acrashasssergs t he
receptacle contact including a second pair of spaced apart side walls and a
pl ug contact receiving space defined therebetween, the plug contact

recei ving space bei ng accessible thro e i | e, the
second nating fag@,er O%B%Qimggh?wgg{;?lrs?t oﬁg{ltjiﬂﬁge #Jg%&gég&%@%&%ﬁg?mti ng
f ace; wher eupan.BldvBRdHRemp isugsinanneddiettedinwartiiyey acapieat encofiinect or ,

each of the cantilevered beans is resiliently deflected inwardly by an

adj acent oneeaidpair of spased 2paf ridefvallpaced apart side walls. 8. The natabl e
el ectrical connectors of claim?7, wherein the first and second openings are
defined by a single, continuous opening. 9. The matable el ectri cal
connectors @& cl diheniatalilielesirivabensnedrsof elapni’s wherespthedustapd secodflide wal | s
includes a plurality of termnals for. i a printed circuit structure.
10. The nmat &BFENE] %%tdfeﬁ]&%ffb%%ﬁﬁg t%%lngg&%&g 0, wherein each of the
second pair of spaced apart side walls includes a plurality of termnals

for engaging a printed circujt structure.. 11. Th abl e cel ectrical
connect or s g’f cl éﬁhﬁma}ta%g egm?ag%ﬁeg?rstorﬁgﬁgg% iwﬁg{/%zé acfht?efghr%p aﬁ%é:tfudes a
proxi mal sect i gty @fthdlg fdrfeapadine a prigted ituit

secti on. 12%b%gaﬁgggﬁﬁﬂ§gﬁlﬁe§§ﬁ}1ﬁnggﬁtors of cl alg&r%ﬂ%%, pWher ein each of
t he canti | ewametdrdoeans further includes a distal section extending fromthe
arcuate section, and wherein the distal sections cone together when the

pl ug connector is mated with the receptacle connector. 13. The matabl e

el ectrical ciannecttermatableelaairinal conmbetpwsiof claiie % shetdine sanhad thesesendpbse one

anot her and a nedi al air gap exists between_.portigns of th i levered
beams when iq@g%@é&l’@ﬁfﬂl&eg‘f?@s &Fﬁl@éeéaﬁ%\éfwé@waﬁ%ﬁ& Sg%éegng% g?ﬁéﬂebecept acl e
contact. 14..The natiahl e electrical connectors of claim7, wherein the plug
connector is matable with the receptacle connector horizontally,
vertically, and rotationally. 15. An electrical receptacle connector,
fﬁ”pr! sing: 311*.‘°“%ﬂ&nhﬂ&ﬁﬂe%‘f‘écﬂ@ca?cém{e%rsf@fcndﬂ 1 aaRrdiR¥hdhDbahd tdnsilever@ni ng
erein, and a _
beams includes a proximal section and an arcuate section extending from the proximal

=]

section.

12. The matable electrical connectors of claim 11, wherein each of the
cantilevered beams further includes a distal section extending from the arcuate
section, and wherein the distal sections come together when the plug connector is

mated with the receptacle connector.

13.  The matable electrical connectors of claim 7, wherein the cantilevered beams
oppose one another and a medial air gap exists between portions of the cantilevered

beams when inserted into the plug contact receiving space of the receptacle contact.

14.  The matable electrical connectors of claim 7, wherein the plug connector is

matable with the receptacle connector horizontally, vertically, and rotationally.

15.  An electrical receptacle connector, comprising:
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second mating face positioned substantially orthogonal to the first mating
face and having a second opening therein; and a receptacle contact disposed
wi t hi n t woloessi4mayl t he receptacl e contact including a fcrats2@sasass si de
wal |, a second planar side wall spaced apart fromthe first planar side
wal |, and a plug contact receiving space between the sidewalls that is

configured to recej ve.a .pl.ug. co ct having, a.pal f_bea i,n the
first planar sidé Ms}nghlgglugmgiarqrggt IB?tHfgaqaf%}an?g%ngﬁloﬁgPrslggfﬁg ’ﬁalielggecond
pl anar side wgddd Ihat%gafa%@?Qﬁﬁo@d@hsdtaﬁtﬁallyfoﬁhegdﬁanai the $ost toiaing Caerammt
transmtted respectively to the first and second planar side walls can

subst ant i al |havingovwseoond ofenitgthersispidcl e contact through a dedi cated set of
terminals to mnimze current crowding and to manage heat generation. 16.
The el ectrical receptacle connector of claim 15, wherein the first and
second openi ngs ar ecemhilaecnthyt dispssadghighin damhdusingutheapeaptagly. contact The

et ool 1 ogREel esr e Bl oLl ety LIRS PR GERRISH .1
vertical, orpboh-aldeQRal, af@h i @nfREfcelRing space between the sidewalls that is
configured to receive a plug contact having a pair of beams, wherein the first planar
side wall has a first plurality of terminals and the second planar side wall has a second
plurality of terminals so that.current transmitted respectively to the first and second
planar side walls can substantially flow out of the receptacle contact through a
dedicated set of terminals to minimize current crowding and to manage heat

generation.

16.  The electrical receptacle connector of claim 15, wherein the first and second

openings are defined by a single, continuous opening.

17.  The electrical receptacle connector of claim 15, wherein the plug contact
receiving épace is configured to receive a plug contact via a horizontal, vertical, or

rotational mating direction.
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