H GH DENSI TY, LOW NAO SE, H GH SPEED MEZZANI NE CONNECTOR FI ELD OF THE

| NVENTI ON [ 0001] Generally, the invention relates to the field of

el ectri cavocoswnaci?ers. More particul arly, the inventionpcehab@s/otéass

i ght wei ght, |ow cost, high density mezzanine style electrical connectors
t hat provi de inpedance controlled, high-speed, |low interference

communi cations, even in the absence of shields between the contacts, and
that provide for a variety of other benefits not found in prior art
connectors. BACKGROUND OF THE | NVENTI ON [ 0002] Electrical connectors
provi de signal connections between el ectronic devices using signal
contacts. Oten, the signal contacts are so closely spaced that undesirable
interference, or "cross talk," occurs between adjacent signal contacts. As
used herein, the term"adjacent” refers to contacts (or rows or col ums)
that are next to one another. Cross tal k occurs when one signal contact

i nduces electrical interference in an adjacent signal contact due to
intermingling electrical fields, thereby conprom sing signal integrity.
Wth electronic device mniaturization and hi gh speed, high signal
integrity electronic conmunicati ons becom ng nore preval ent, the reduction
of cross talk becones a significant factor in connector design. [0003] One
comonly used technique for reducing cross talk is to position separate

el ectrical shields, in the formof nmetallic plates, for exanple, between
adj acent signal contacts. The shields act to block cross tal k between the

si gnal cont i ! } NN ric
fields. m%?ﬁ%@apg @isﬁ’%ﬂﬁﬂeﬂat@ yri‘%)sg/idE %%ggﬁwécros%ét al k
betmeenadjacent differential signal'pairs ." "FIGs. IA and | B depi ct
exenpl ary contact arrangenents for electrical connectors that use shields
and ground contacts to block cross talk. [0004] FIG |A depicts an
arrangenent in which signal contacts (designated as either S+ or S ) and
ground contacts G are arranged such that differential signal pairs S+, S
are posFIEbRLAF JHHhINYS 101- 106. As shown, shields 112 can be

positioned bejofge: G%ég%gf}%gﬁ{vg@@ rtfhesif%he d 416 9k BB Ao hAG AN MdRe! ude

any conbi nat d ground contacts G The ground
cont act parficsleny,ahé imvehiisrkretatasgs lightwoidiet lnvanstlhigheteesity mbzzmnmeatylpelectsicaln

t he same column, The shields 112 se Wf blogﬁ cross tal k betmeeq
di f f er ePRIMSSTOL hatrovide F@P‘Tdﬁn%(f'o‘ioé'ér@h? é‘éﬁqh pHdBSITelEnes CAEYRIGHIS: an

ar r angegrRit, ik, WALER oFsHRRs vEQMHA M ScontR R ad fﬁHfﬂo@f?l@tféicé variety of other

benefits not found in prior art connectors.

BACKGROUND OF THE INVENTION

[0002] Electrical connectors provide signal connections between electronic devices
using signal contacts. Often, the signal contacts are so closely spaced that undesirable
interference, or “cross talk,” occurs between adjacent signal contacts. As used herein, the term
“adjacent” refers to contacts (or rows or columns) that are next to one another. Cross talk occurs
when one signal contact induces elecirical interference in an adjacent signal contact due to
intermingling electrical fields, thereby compromising signal integrity. With electronic device
miniaturization and high speed, high signal integrity electronic communications becoming more
prevalent, the reduction of cross talk becomes a significant factor in connector design.

[0003] One commonly used technique for reducing cross talk is to position separate
electrical shields, in the form of metallic plates, for example, between adjacent signal contacts.
The shields act to block cross talk between the signal contacts by blocking the intermingling of

the contacts’ electric fields. Ground contacts are also frequently used to block cross talk between
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G are arranged such that differential signal pairs S+, S are positioned
al ong rows 111-116. As shown, shields 122 can be positioned between rows
111-116. woro/kiszs116 can i ncl ude any conbi nati on of sipgmalSz@snte@ss s S+,

S- and ground contacts G _The ground contacts G serve to bl ock cross .talk

bet weenadiadelibdidistanainl SEep RHITH A IGS- 14 2t dBLispict prRmplancogkebipngeBsnis or e ¢ o
bl ock cross tal k betwee | ki f i i i i jjacent rows. [ 0006]
Becausco g e RRAM L AER Ryt Ao YIS oBURECT. Caut prent

it is desirafgoedf hatGerndesitions ahrengacat snwhick sigaaldontacer (designatedpsteithahi | e

provi ding the sanme performance characteristi Shi.el. ds. take, up, val uabl e
space \MS?WI ) enbetoBhth eetignts Orige aigyiged SB@WE‘FW%%@”BB”&%%W PHSH oY GE

addi ti Oggslitioﬁeg%?dnﬁgzglmﬁrﬁt fo1-AlRd As}%?wln' Hid1a€ oY AkbedRRRIchYd bédden EsIREART OT €,

connector size). t1onally, manufacturing and inserting such shields
subst antélainhy 10 ht0@aseolinen d0el @b tancioslude amsomitinaibniisignabeantacts Sr.ingnduch

connectors. _.In so licatjons, shield re kno t,0 make.. 409% re
of "t o, S6UA BN o olREP I ORISR PR Bulotls SRRy SeyResF il DL o
they | Owﬁfs ih TRESANCE IR UShe §RIERKE §dife oMMEskanes thikdereeUiiTedentia siingh

contact density connector, the contacts would need to be so snmall that they
woul d npdirsie adpbergtcobmosgh f or many applications. [0007] U.S. patent

"of or once. | nldUPST o BF et 8 pieRenERbircy i ith bl A Bh ey o,

densi t yceh&&lkiigealsudPipegitiratibinainappsin Sie S-aResaiikaect albhgebvell1-116. As
hi gh- speed, |ow interference comruni cations, even in the absence_of shields

bet weenshoven, sinkdsd 22 can be prsitiencd detreesn raws &l 1-hbnedapw Lild-klfsan ckyderany 4

| i ght wei ght.. hi gh-spe i ne- : [ j ,
that optraviaa i IBe S dRE S Y Mg cofERYS. SR aRBARER s (isRie ol
t hat r eguelesrobhRIOb&EWEECAER@kialdig®s phidd ik thé sdmositowt. HEhanehéelds 122 praundblock

contacts or internal shields. SUWARY O THE | NVENTI ON [ 0008] The invention
provi degrops ighk kebwesn diflstentinlréenab pHEcin GRCPEBRVEL i ng above 1 Gb/s and

Sl
typically in r r.ei: i . .
) Panged’ so 100G PRG3R MmaRa &R SRMIEL IVAE R HolRRIn CABhOEAApALA, it
di f f er efstdesikabdé thadtormacivs. beSuade smatlenaetiverr im\meiTghI_(; iwhdle psovgdiag theomatect s

SRR e R A e i R A

B A O g

pai r prtdudes, @unechr §iz®l ddditicnalppniefasteing dnd inm&?@;@htsh@lds substantially
increase the overall costs associated with manufacturing such connectors. In some applications,
shields are known to make up 40% or more of the cost of the connector. Another known
disadvantage of shields is that they lower impedance. Thus, to make the impedance high enough
in a high contact density connector, the contacts would need to be so small that they would not
be robust enough for many applications.

[0007] U.S. patent application no. 10/284,966, the disclosure of which is incorporated
by reference in its entirety, discloses and claims lightweight, low cost, high density electrical
connectors that provide impedance controlled, high-speed, low interference communications,
even in the absence of shields between the contacts. It would be desirable, however, if there
existed a lightweight, high-speed, mezzanine-style, electrical connector (i.e., one that operates

above 1 Gb/s and typically in the range of about 10 Gb/s) that reduces the occurrence of cross

talk without the need for ground contacts or internal shields.



formthe signal pair, and a low field near adjacent signal pairs. Air may
be used as a prinary dielectric to insulate the contacts and thereby
provi de avbawemozBt connector that is suitable for usepras/m208DZAB84 Ne

connector, [0009]. Such caonnectors also include novel contact configurations
f or redlﬁiM&IMQéPgimEIIBWﬁgﬁﬂ)%i ntai ni ng substantially constant

i npedance al 36‘?}?3 Bﬁfa}{eg{f%lﬁ%n gio&@égtﬁg{e S?SFJ B 488 eUonfbdiod o i dbE0E ¥

dielectric t e contacts ts in a |l ower weight connector
that is G ambiypichidy inLihe rameaf sbor A N@b/s) wherelnadignay comtacts prpareogeresstasito

BRI EF DESCRI PTI ON TH W NGS.[ 001 The .i i. i f h d ib
N A e T O AR T e
dr aw ng%nﬁcﬁe&@%ﬂa&?tmﬁ%é {HaPFdrinehplelidrid s Inf ASH QL FEFORGHI RRABp s aldig royent i on,

in which erence nunerals represent simlar parts throughout the
dr awi ngspluand. he cenmectdr@an by, arf @eeferaplyandlev@ddd pitemakbsheetgs and/stovrd act

arrangenent s f electric onnectors Jn the I.Qr .ar jelds to
Bl ook croReEatke SpiutsraneingRae ol R iRl Ephepitiherdpl Bl £

el ect ri GirerERMISEhAN iniaFirb e baF pR¥dticdsh mgn 6b1dan A bietrealits chinedcecthati ¢

el ements are arranged in a generaFIy "I" shaped geonetry; [0013] FIG 2B

depi ct s feauthssignat pair, andgilow dield ndar adjasenhsiend] peirenAlgnagbe e 25 APTRHEYINd
cont act s

cont2et s 0001 1 RGP RS 9851 BRBRIRRLS ) Bl

arr angengéks 4 mewhingle cdhgéadr. pairs are arranged in rows; [0016] FIG 5 is a
di agram showi ng an array of six colums of term nals arranged jn, accordance
with one aspd@q909%f Sush cprReskEs dlse Iehisle rpvecentackeoniigyragians jor refusisdnicrtion
showi ng y-1e ' r: i i i i

ol gnal PSR AL e R SRt Ao R R W o BN DL T e o

vi ew of aimsehepihardictectzia msulatetheceitats rebdds inadowecw eighhennegorthhiaader

portion and a_receptacle portign i a&cordance wi th an enbodi nment of the
i nvent i @Hl;tatﬂ@é)zglfeﬁﬂ@neéz%ngleastﬁ%l@%lgg% PURY CRUGFI8F a header insert nol ded
| ead assenbly pair in

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention is further described in the detailed description that follows, by
reference to the noted drawings by way of non-limiting illustrative embodiments of the
invention, in which like reference numerals represent similar parts throughout the drawings, and
wherein:

[0011] FIGs. 1A and 1B depict exemplary contact arrangements for electrical
connectors in the prior art that use shields to block cross talk;

[0012] FIG. 2A is a schematic illustration of an electrical connector in the prior art in
which conductive and dielectric elements are arranged in a generally “I” shaped geometry;

[0013] FIG. 2B depicts equipotential regions within an arrangement of signal and
ground contacts;

[0014] FIGs. 3A-3C depict conductor arrangements in which signal pairs are arranged
in columns;

[0015] FIG. 4 depicts a conductor arrangement in which signal pairs are arranged in
rOwS;

[0016] FIG. 5 is a diagram showing an array of six columns of terminals arranged in
accordance with one aspect of the invention;

[0017] FIGs. 6A and 6B are diagrams showing contact arrangements in accordance

with the invention wherein signal pairs are arranged in columns;
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accordance with an enbodi nent of the invention; [0020] FIG 9 is a top view
of a plurality of header assenbly pairs in accordance with an enbodi nent of
the i nvenwo@noe/20981] FIG 10 is a perspective view of acrasepisaedsss i nsert
nol ded | ead %%:sge,rm]" pair_in accordance wth an enbodi pent of the

i nvention; [ 0OES]] G isiEipqrépeatiyoyieviodan sKeapianunstZapinestyls eleecak| e
assenbl alrs,i . \M | : | b 0010 di

Fro 12 PR B BRI BE R bl s RRRIROH il Rt WRER) BibodiBiASE |
accor dafigsainWdtionan enbodi ment of the invention; [0024] FIG 13 is a

perspective view of an operatively connected header and receptacle.insert
nol ded | ead #@8&hHEJGpéis2a WS%?@%W&W@E afjep félﬂfe&%‘eﬁ?fﬂl&ﬁ a%f‘FmﬁVepalr n

| vent | g, 025k Ghnolifedd iR dBLCt an al ternate enbodiment of an

EVI LA that nay be used in a connector according to the invention; [0026]
FIG 15 depi (0020hn FéGbD i aeptviod obmplukdlity vhlegadernassémablypaira it acchulaace with
relatively Ibo spr#}tg nmovepent; [0027] FIG 16 depicts an enbodi ment of an
| MLA ha¢! AGCASFAEDRF B8 Y8 ®Nnt act s; and [0028] FI Gs. 17A and 17B depi ct
the mating d%@%m. mﬁismgie?%ﬁbﬁ@%éw%fﬁ%ueg&ue iR hbIERY Bi&@ﬁﬁeﬁlﬂl%biﬂi
| LLUSTRATI VE"EMBODI MENTS [ 0029] Certain term nology may be used in the
f ol | owi acpoddmce wpthi aprenfrodimenr wé tlicaneation] y and shoul d not be considered as

0109, RS 1 1 YR R b A P

"left,” "rig r'rection Igures

t o whi chithehhensivaenéd ofBdanvddticea se, the terns "inwardly" and "outwardly"
designate directions toward and away fro respectively, the geagnetric

center of th&0423] eFddckHisgdppaicew qtrmothst pUDitE g ecriRtla 885eRRY BBFdE above
T rpe e ot R BE M B Rk B R - “THEGRET! CAL NODEL [ 0080] Fi G
2A is a schepe24t FIGUE fsatpepspectiveariewloé et bperativety ooreetied hemlenhnd teceptacle
;ggﬂgf : %3@3&%3& o Sasembly pa i Ascoriamae with ahosebodin S S ¥ fvedfion,  SnaPed
[0025] FIGs. 14A and 14B depict an alternate embodiment of an IMLA that may be
used in a connector according to the invention;
[0026] FIG. 15 depicts an embodiment of an IMLA wherein the contacts have
relatively low spring movement;
[0027] FIG. 16 depicts an embodiment of an IMLA having hermaphroditic contacts;
and

[0028] FIGs. 17A and 17B depict the mating details of an hermaphroditic contact.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0029] Certain terminology may be used in the following description for convenience
only and should not be considered as limiting the invention in any way. For example, the terms
“top,” “bottom,” “left,” “right,” “upper,” and “lower” designate directions in the figures to which
reference is made. Likewise, the terms “inwardly” and “outwardly” designate directions toward
and away from, respectively, the geometric center of the referenced object. The terminology
includes the words above specifically mentioned, derivatives thereof, and words of similar
import.
I-SHAPED GEOMETRY FOR ELECTRICAL CONNECTORS - THEORETICAL MODEL
[0030] FIG. 2A is a schematic illustration of an electrical connector in which
conductive and dielectric elements are arranged in a generally “T”” shaped geometry. Such

connectors are embodied in the assignee’s “I-BEAM” technology, and are described and claimed
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connectors are enbodied in the assignee's "I-BEAM technol ogy, and are
descri bed and clainedin U SrPatent "No. "5,7'4'i , 4",""erititle( "Low

Cr oss Andworrp@danosze Control l ed El ectric Connector, " thepdrast@swe@sof which
i's hereby,incorpgrated herein by reference inits entjret [ow cross talk

and conit BI9 Batenidedaitb 1 #hgatitre oo Grrss Aaddepgdance Coniroliea EREMGt ¢ hi s
geonet r 0031] i g LY Hap 15 Sk Qfkiktne
eomet 1 Toraeailouin HicBri o rich ARl B BICBR Rt FERRAY (LRI 56 Sily”

per pendiLow @sdsytalknné cpasaitdisipadaice huve hrpan ddure to déesaltdioim tte waof griound pl ane
el ements. The description of this transm ssion |ine geonetry as |-shaped
cones f BEMERHE vertical arrangenent of the signal conductor shown generally

at nuneral 1@06&?;}’]@%@0 'gfnflgﬁg?oﬁ@ﬁb?a%t@ha %@ﬂrﬁf&hﬁés?oﬂ lﬁliéege%nk?ryéiﬁﬁlo% iavi ng

a permtivit gro anes 13 and symmetrically placed at the top

and bot FiGh 24lgAs shdwi,like canddaitteoslemditieas bd psrpaliewarly interposeddetwrstiveor ar e
open to the ajr. 24 hayin n.air.,permtivi 0.. ln.a.connector | i i.on,
Che. condREEhiBeeiia ahoEroUEa Pl cLBEn o rdie deteriptign 26 hif RafAGTin BRGecol g
or facey RsfREE cohBerbii tRKPGESal abrtan@ddsbrt 3f B sidhal indhewet Eliowvil @neradlyl? and
14, to first order, controls the characteristic inpedance of the

t r ansni ssineral 19 hetwean therworharizontak digleetrig Jasiesd 12 ansi fhaving dpeimitiabt ¢ #ad wi dt h

wd trol d ic field ' '
cont act easpriginar LEakE T naRPaPRAR Maed 4 HeoBEAT bbb Wabstorfhe AHARERE |
needed Qe Bide PO &1 2N6RME es et raysid tétang: Bl btihdarbsir pppiitivityrat dhy unity

(as illustrated in FIG 2A). [0032] The lines 30, 32, 34, 36 and 38 in FIG
DA are eojuicpior apnlicatien, dhe candueigecouid nelidsityo §p@ionst 36 #dsiSathat abud enso-ghd
equi pot enti al Line f : | ' t
T T A e i
boundar yheBharaeteyietiyingledascetof thdneargtmssivh It andtthatatio Difiitiss eweeaibhdigieth tei r t ual
ground surfaces, exi st at each_ of boundary A _and boundary B. .Therefore, if

t wo_ or dstestric widiipwd corsenls & elgclriqpndaeensti delsrengigation iapadigeeny CoRALE:-
surtace r(}'f’fﬁhﬁtl §)é¢%%&%%%§2ﬁeﬂgﬁﬁg E&R1Ah t%]lgl[et['lg ralfo H/WE) ﬁeédeﬁ 6 Brikithif0

i nterm nglT ng t Ields. In general, e conductor width we
and di elmeferemcetteyakhdssdB whuliddesipproxinitelysmitly |(ascitinpeatetint FIG. B4).di el ectric

G ven t he el o Aol i 2834 a3 M BiGoEF e ahBERDH L Myt in e
found i piragdibd@tit kpackh %kihgﬁré Egﬁg,@&ﬁm MinBG1RE td R B dloub@ PR Ad following

(bl ade/ beam contact) w dt’ ielectric thicknesses could deviate
sonewhait out trwardsethp betinstariesi AraatliBh 8t wilkbesssae thet botirdloundary A or boundary B are

very close to the ground potential. This means that virtual ground surfaces exist at each of
boundary A and boundary B. Therefore, if two or more I-shaped modules are placed side-by-
side, a virtual ground surface exists between the modules and there will be little to no
intermingling of the modules’ fields. In general, the conductor width w, and dielectric
thicknesses t1, t; should be small compared to the dielectric width wy or module pitch (i.e.,
distance between adjacent modules).

[0033] Given the mechanical constraints on a practical connector design, it was found
in actuality that the proportioning of the signal conductor (blade/beam contact) width and
dielectric thicknesses could deviate somewhat from the preferred ratios and some minimal
interference might exist between adjacent signal conductors. However, designs using the above-
described I-shaped geometry tend to have lower cross talk than other conventional designs.
EXEMPLARY FACTORS AFFECTING CROSS TALK BETWEEN ADJACENT CONTACTS

[0034] In accordance with the invention, the basic principles described above were

further analyzed and expanded upon and can be employed to determine how to even further limit
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i nterference m ght exist between adjacent signal conductors. However,

desi gns using the abovedescribed |-shaped geonetry tend to have | ower cross
t al k t harwot2b@vo2cxravent i onal desi gns. EXEMPLARY FACTORSpAFRISEHSNEs4EROSS
TALK BETV\EEN ADJACENT CONTACTS [0034] In 1|%gor dance tg %ee | n ention

baSi . prionelill 6o NGEL IS WL CETAP E VR e RDSARS Sb Ui Ao aea R
and can

Bet weonPad SHERTAER P AFLEl RGO ohf EUARe) U Rlenud i bAoA en

t he CIOHFthE nia}uéldeh esiitowi pigt @fivoitpge mphe amgh‘twrhemi}ﬁrmmtmmdolgmmhaw@ of the
signal and ground cont act FI G 2B incl udes co ot .of vagltage in
the nei gibsseiiagbeizedl Pal S&egr W%W%@Wnﬂ?%‘@a@ﬁ?q %?tE$|aaﬂ§F°Uﬁl |°Pl%%-cfts S-
in a coptach @ AMESHRE LT &é Gah, CANGRAURs 2 aRL]1HAUD FefOrllBCéchtdar lines
according to the invention. shown, contour lines 42 are closest to zero
vol ts, déateauiosektitned vdldl, aande:onﬂoosbms 46cre tlogest to +hwelt.cliepbeen| abseryedithakr e

cl osest to + volt. It ha been bserved t < &l oes
not necélé%‘ﬁ’rgplj}e yJtaes dQ%SrIl? aeetret yéﬁ ptero 8{]%%9%18{& Mé?%%gs éﬁ al lit’ {1%

ar e neapgseatddt fohike Q&I%vb‘pﬁlr{)mb inteff&l8ndeyigh fiRI@NE Paid ishlebI@r@umét malner sis

near zero. That is, the voltage |np|ng|ng on the positive-going quiet
di f f er emolitage impinging gnthk pesitivergoingsuieh difteremiial paingigad CPH@CWS |ab@§gh<? SRS ng

on the ative-gain ui.et differen I ,
t he noi ﬂ“éeg"é’:lu @%H&g?%é}?ernegﬁﬁ 'ﬁomé qﬁiﬁt H%f %lagé}ﬁll s gllg&age@%ﬁ%en t%e
posi ti Vere lﬂﬁ@ chafathicegarl, Rehic @iled diffetedceimwdtapobetercon tI{eQibSﬁijve Timdsnegatsve-
showmn in FIG 2B, the signal contacts S and ground contacts G can be scal ed
?nd pozgﬁlglgﬁwal’seisa?iqsﬁ@ £¥°%one another such that a differential signal in a
irst differ I en
the contacts Sf f lugnd? ﬁ%&gﬁ {nﬂcpgﬁcﬁl%a lg(fhtédtgéqn&'gh?ngggmtg%%?%\r@
pot ent i adaled andl pbsitiohed fedativiedo gn@mmdhqmudmﬂlbm d1ffemmlabmg1mﬂ Juae ﬁmtt dsffegcraial

pair. Consequent| cross tal k between adj t t .b

int e i 50 2 o S S Ao B 6, 8 i
connect nb
¢ oo ek Toss T Bropfi poIES halgt, RRPES Gt pogplia ol ag%S%l&‘?‘e%‘apa ’

adj ace npau: o@bnsetlaen'tbf crossaBssawyen aﬂ]mnﬁ sigil ghntscpisem beh]llgite@ togaeabptibieegri ty

applicatio 0036] Thro h f h I fot
e apo b A3 e parthur RO Ao Eh ot ARy 10T Be8Y e POET G055t
i's not %%nﬁrdoh’taE@lcaﬁlﬁe Iﬁm‘fetlrt@ %he%ﬂ{fﬁﬁht tlﬁéné&é%@aﬁ@c&f@@ﬂ shiidbdrhadn a’ﬂﬂd&@ﬂlber

of factors can affect | evel "of cross tal k between adjacent signa
cont act sontwctmunmacce@mrs,myhnirablgbsgeedrblghéwah iptegrityheppdicatiansbel ow, though it

L0 o)A S P BB ogh R, e
found that the unity ratio of height to width is not as critical as it first seemed. It has also been
found that a number of factors can affect the level of cross talk between adjacent signal contacts.
A number of such factors are described in detail below, though it is anticipated that there may be
others. Additionally, though it is preferred that all of these factors be considered, it should be
understood that each factor may, alone, sufficiently limit cross talk for a particular application.
Any or all of the following factors may be considered in determining a suitable contact
arrangement for a particular connector design:

a) Less cross talk has been found to occur where adjacent contacts are edge-coupled
(i.e., where the edge of one contact is adjacent to the edge of an adjacent contact) than where
adjacent contacts are broad side coupled (i.e., where the broad side of one contact is adjacent to
the broad side of an adjacent contact) or where the edge of one contact is adjacent to the broad
side of an adjacent contact. The tighter the edge coupling, the less the coupled signal pair’s

electrical field will extend towards an adjacent pair and the less the towards the unity height-to-
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understood that each factor may, alone, sufficiently Iimt cross talk for a
particul ar application. Any or all of the following factors may be

consi der esloi200620&8 M Ni ng a suitabl e contact arrangenmentcras2@spasssi cul ar
connect or, .desi.gn:.. a) ..._._L,ess......c#}é)péﬁ,.. t.al k, has eien found to . occur er e adj acent

cont act SvigfhaatiagEthepmsmad --shaped thegrtical mpdel @ sganesfor spplicationagt! ha¥e ifyj acent
to the jae : I oad
i de. coc e e o R 0 e
broad sithies fatilicatesatlf adeerenmonobdssiralde impetascd keeele dykigbconaet depsitiaeamnoiegiors

dj t to the broad side of dj t tact. The tighter th
coup! | ngvitione heawed fiedud i 2t GRAmAR L paltiy Sleapstely FoP Bulpi SR
towar ds faihAHERE SRS oPMdut 82D Y Ren e 6.5%.4 ﬂh@gzg):tl)éhggead&ihﬁﬂé tpioFide-dnowi dt h

ratio of the original |-snap'ecFth' eoretical no connector application
wi | | havmptdanap pf dzwh 10Edyes wbers! thegorddatvarg el gaveoupdad, sHE baep gapbaut d e is
bet ween adj acent, connect or s nd thus facilitates t.he achjievenen

des! r abIE AU Ee D agar eoalh PP USt A toualehef Bohicts 8 SBY B nGh Blse
need fOfcoﬁﬂﬁIgae{lﬁosfabﬂi@éteﬁé}ﬂn%iﬁg ceitt witth, Bed fefdfrdag wii®l ¥s thEeentexasings | t
has been found than a gap of about 0.2-0.7 mmw th a 0.3-0.4 mm gap being
adequat dhrosglpdigldctic gaiongrseaaacEesions.#hout 100 ohms where the contacts are

edge coupl ed,\whi | i . tacts
oo o " Coubd ARbesh ARaha G L UEE RS SRk MRSy AR B S
facilit augrcichdogiieg tiontiaot coluainpitchiite. tthe dztfacebgaremndibdent asluinins) todid act

extends through dielectric regions, contact regions, etc.; b) It has also
been f owan belwaen adigeant captpets yha e fPBY; vel y reduced by varying the
"aspect rati Q" i .8 « - At | SRy i , i en
adj acent col S:Pms) 1%8 t%ﬁ%%{égé b&e)fta(21 a@%&aﬁj acenl%&@gélkoa@%esmﬁ)ﬂﬁgg%}s%ﬁfegg urr\llﬁy;e
c) The 'lstchgfi@vinglk. dfhandj eoentalkcahbersfectivedy limited wheregthamighlerontats imkso
reduce the level of cross talk. . .That .is, cross.talk.can be effectivel

[ i t oo SHEPE Y SRAFEUR AR g PPREciE i hATiskea: Sy The PIPPYOT o
adj ace moft%bt@iﬁ@}i b& I S&Gahpld, A Il rcﬁb@'bﬁ&?@.%., QARKAHIB betheRn adfabiH: réls)OhdIB£tovay

be, for exanple, 'a full "'row pitch (i.e., distance bet\ieen adjacent rows),

hal f a miwh,piraokothsr distapcothabresuissinanesptabiyatow kegels v clioss tabclopa pbiticulapw

| evel s of cross t.al k. for.a partigular connector .design. |t has en_found
that ¢ ngomieRaetighs bt nlsPRbLd Bt B° oRRRAFSER aERIFE: « ol P Ak
pitch, reWbIRhnGhich! % SiiAPthe@hapd T thefefhimalss andihe didlétikd editaht(k)Cof the

constant_(s% of the insulating material (s) around the termnals, for
exanpl e insuiating snaieriad(shaternd therierminals, fohexapple. ni hapilse been foundthahbeoptmel | v

"on pit %?fsgt igﬁot%ﬁesggﬁlgn‘ok %ﬂglg,htas W-gp gfter-l %buélﬁ.e TR iis,ntﬁg ogﬂcilfngf%ffs@ 1¥1a9%e

anywhere along a continuum, and is not limited to whole fractions of a row pitch (e.g., full or

half row pitches);

d) Through the addition of outer grounds, i.e., the placement of ground contacts at
alternating ends of adjacent contact columns, both near-end cross talk (“NEXT") and far-end
cross talk (“FEXT”) can be further reduced;

e) It has also been found that scaling the contacts (i.e., reducing the absolute
dimensions of the contacts while preserving their proportional and geometric relationship)
provides for increased contact density (i.e., the number of contacts per linear inch) without
adversely affecting the electrical characteristics of the connector.

[0037] By considering any or all of these factors, a connector can be designed that
delivers high-performance (i.e., low incidence of cross talk), high-speed (e.g., greater than 1 Gb/s

and typically about 10 Gb/s) communications even in the absence of shields between adjacent



anywhere along a continuum and is not limted to whole fractions of a row
pitch (e.g., full or half row pitches); d) Through the addition of outer
grounds, woeoge/2bespl acenent of ground contacts at alt eroatuse@sepsiss of

adj acent contact colums, both near-end cross talk ("NEXT") and far- 1nd
cross tadiaqts. d'elsa bpandeipipad that aushcemncciors prd feghnignase WhicH 71 E)Qtli’ﬁg i at
scal i ng_t he..cont aGt | . .e. B | kons of the

cont act Bm%qnil%s%ﬁg%% %ﬂeﬁgc?ﬂ%ﬁﬁgﬁ%{#ﬁgb%?ﬁ’gﬁ Qgﬁgﬁag’gﬂﬁ%@?é@ rel ati onshi p)

pr ovi de EXBMPILARYEEONT AN ARRANERMENTS AGCORDREGILOMTEIE BYVENAT@Nt s per

| i near inch) without adversely affecting the electri.cal ch racteristics of
t he connect of003Bbos%p- By d%ﬁ@iadépﬁ??éora}ﬁ@ ageording te fhe; igyuentiop fiayigg colupn-
connect i : deld. uessc. i ; hodl intol QWM )
i dondise ARG ER LA O, iR Al DB PLRPRS Arthedlinto Bffimns)

t ypi cal [As adedhireis) aCobEimntaaferatodl dicsrsior alengiwhichthe sbsiesis eraddgsispenlod A

bet ween adjacentcoptacts. It should al so be underst.opd that.such connectors
and t echioMgUEBSTPRRIIEHALPE C@i‘ﬁ%fe”‘sﬁlowo‘%ﬁ"giCREm%%(ﬁ"ﬁ%g%‘“%%S& in order rom
comuni gati QRfomas Erdfrtigel HFDN%E alrONVBiFst glgﬁﬁd SondutYPA AR¥n O fenéatial signal

ARRANGEMENTS ACCORDI NG TO THE NTI ON [ 0038] FIG 3A depicts a connector
100 accpaidiang atsecdridegroundersnidneion advs eep tecicemiisisolivan £ eeanprises. BiogaITopRi r s

(i.e., in which differential . signal.pairs are.arsan | | As
Used hel®H Pofomcs Piitranal Sef) Firgomprererne LraNE ol FR TR &
are edggro%ﬁa Rb®Bictof G, a8t ordsdi feeResl Gight] gir Edinpriseid 41l okducsdioBM asdS -,
col um 401-406 conprises, in order fromtop to bottom a first differential

si gnal ped & secand groynd geadistPr Co Bkt firowad kb anshdil apommratsen & pHIralyy gh groupdi r |
and a second, arQu (o} - ol rst G - 4 i ses,
- or der SRl §p RosRoT BV iR uEP oy SRR arld il Bt Bk OhaRRIDS 100

si gnal efnsiLClogéthierommaivg afbther dix Hiffesdntigh sipimed paios dTicd wiws@13anddd 6 0f ground
differential signal pair conprising signal, conductors S7+ and S7-, .and a
second ePmWRErTlmtEess tallsbeteen thersignghaimsis rawg 44 g1 %%ﬁe%%la HISIREPVE y
of groupd, gond : : 2 | L) | nti al
ol gnal B b e o TR L R o ol el

di f f er eptdvide teielyealiffgantia sighhkpainnBedaBe drdothéetafis gemiddf suelds,dhocantidisi t

0SS R0 LA BALES IR A Sto A1, 00, 05,0 SRl Rile

CONt ACt §orifat@r GRAcH WiReeBadMooRieh 8 thel i dEiniclihfdcent | @l signal pairs. Because
t he connector iI's devoid of shields, the contacts can be nade rel atively

| ar ger ( conpHi03d] t G1GH Gearidrd Gdepietrrennastorh asdonding ti ik diventith draginghude outes s

grounds. As shown in FIG. 3B, a ground contact G can be placed at each end of each column.

As shown in FIG. 3C, a ground contact G can be placed at alternating ends of adjacent columns.
It has been found that, in some connectors, placing outer grounds at alternating ends of adjacent
columns increases signal contact density (relative to a connector in which outer grounds are
placed at both ends of every column) without increasing the level of cross talk.

[0040] Aliernatively, as shown in FIG. 4, differential signal pairs may be arranged into
rows. As shown in FIG. 4, each row 511-516 comprises a repeating sequence of two ground
conductors and a differential signal pair. First row 511 comprises, in order from left to right, two
ground conductors G, a differential signal pair S1+, S1-, and two ground conductors G. Row
512 comprises in order from left to right, a differential signal pair S2+, S2-, two ground
conductors G, and a differential signal pair S3+, S3-. The ground conductors block cross talk
between adjacent signal pairs. In the embodiment shown in FIG. 4, arrangement of 36 contacts

into rows provides only nine differential signal pairs.



connector space is needed to achieve the desired inpedance. [0039] FIGs. 3B
and 3C depict connectors according to the invention that include outer
grounds. we séwmeos7sn FI G 3B, a ground contact G can bepplrasee)satessach end
of each colum.. As.shown in.FlG .3C, a ground contact G can be pl aced at

al ternating dﬁ%l]ofBléél?faB?é’rﬁPn@5Fh?rﬁﬁ'§ngffl’flel}ﬁé%o‘}b‘éghFﬁ%éﬁththéhe arf4R TP

connect g Sy Bl A 104 éga&yeagé 12 B\ D BN 4F aftferafliACiAk gaglk ums

i ncreases signal ‘coéntact n5|ty relative connect or ut er
grounds radudts i abtieadenbity bf pnkd cofitaety dray does ainey amangdement. i ﬁhuseasshmgdfohe

| evel of cross tal k. [0040] Alternatively, as shown in FIG 4, differential
si gnal pHIe @toﬁﬁ)} Al thPp h EZNSRIERt ¢ %rsgﬂm?wnﬁffe@ltw ol P
511-516 chEPEAL! AR o Rifnrls WP rA OLHAh <SRBI P iR mic i
differ erﬁé?gw Si g afh paqlslfrSﬁ E{érggltsﬁr ow 513 conpr |rses I n order frorgaal efut rt o]
right, tapplicationnd conductors G a differential si gnal pair Sl+ Sl -, and

two ground c t S rrprls s.in order fromleft t

i1 orent i al 1004ALa i srartes ] whedhef BN era Brit Syt GG redfe Rrcplyfhd) hen
di f f er entifrgtentddl g@hl IP&' Eas%:*tﬁffelgﬁnal 155%&6@2&96%81@%'[@%&\7@ lcofdiicEdr®xs- dndl K
bet ween adj acent signal pairs. In the enbodi nent shown in FIG 4,

ar r angemsgtivsfcogéucterrPact $hd differentivlsignabpait cRiffsenyiahimpedanee is defingds the gnal

pairs. [ Q04 rison b' Fthe arra t he
ar rangeﬁ@ﬁfé@ﬁ%ﬁﬁs %t@e‘e g ?g%zﬁ @c@%%@f@% aslgé)?ﬁfetr ] gﬁ“ﬁ@ﬁg’r%‘[gﬂgemnt
of di f f grafiftuladpofit gdAL tlﬁbaleﬁgthroemd diffetehtial signghsdir. dAﬂ'&lec)ll Rdovai, giniaklesiableact s
t han does a row arrangenent. Thus, it should be understood that although

ar r angerre aentestl thy GRaTenpal impeilancs Zo e M th@g@pngnqerpféhmﬁlgq;mpal&gﬁ

density, g 'H%?ﬁ e chosen
for the parlﬂ%%% f"?é&orQ% C&Hl[%a%h'. Na‘%%ﬁ% th gifg%r ess \Meu er tﬁezéhsclggnal
pai rs arimpaddanadget ds mh@lmpMSn@rofmlewmﬁ:al @amde rd1nﬁmmeemgnailreﬂaxgmalan@/arr has

a differential inpedance bet ween the positiv nductaqr, S d ne
conduct G¥steRIesppangsdh %ﬁclaﬂé‘@h?Yeé‘Ff%YSb%%‘l’a“ﬁé‘ilﬁﬁh Burthameie ihis de ﬂf?g’
det i ned dedifnti F&b@a&ﬁce%@a&ﬂ fig % ABEHNANG SR al SRR 1§oi°cflet he sarre

dlfferentla si gna alr, at a particular pornt along the gth of the
differ erdlffabntml grgahlgm ie., Amhnhatwed:h dﬂfﬁ&mm:lal signal paldhas a aths@nhaily:cmlsrstﬂntt he
differe 11 i ce Z0 tc? t he i npedance of the electrical

devi ce(gi§l "?r8n %eﬁli? eeé“f UPEEHtect ed. Matching the differential

hgb’?ﬂ‘é‘”fnen.znf@"e‘?’ L?%*%;‘Fﬁ?%?ﬁlﬂﬁﬁ?%ﬁﬁﬁgﬁ?e R R A T 07
over al | stgpgt andh drawrdlaadhctoru Spheifinalty diffarertml depddands is detsroimed byithe
proximity of an edge of signal conductor to an adjacent ground and by the gap between edges of
signal conductors within a differential signal pair.
[0044] As shown in FIG. 3A, the differential signal pair comprising signal conductors
S6+ and S6- is located adjacent to one ground conductor G in row 413. The differential signal
pair comprising signal conductors S12+ and S12- is located adjacent to two ground conductors
G, one in row 413 and one in row 416. Conventional connectors include two ground conductors
adjacent to each differential signal pair to minimize impedance matching problems. Removing
one of the ground conductors typically leads to impedance mismatches that reduce
communications speed. However, the lack of one adjacent ground conductor can be
compensated for by reducing the gap between the differential signal pair conductors with only
one adjacent ground conductor.
[0045] It should be understood that, for single-ended signaling, single-ended impedance
may also be controlled by positioning of the signal and ground conductors. Specifically, single-

ended impedance may be determined by the gap between a single-ended signal conductor and an
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the differential inpedance Z0 such that it is substantially constant al ong
the length of the differential signal pair, i.e., such that each

di f f er entwel2osigoak pair has a substantially consi stent pdirfusesosntdsal

i npedance profile, wthin 10 percent. [0043] The differenti al edance
prof i | eadjaseiberovsni Soigieenisy 1mn@dq@é%maybﬁ|dﬁ%)n®f astthemapegaage %ﬁlf@&%ﬂ a

duct | |
or oxi m £ st TR By i dh o Skl SRR A SRR r ot

gap bet weer-&edeesighil cdh@madr. conductors within a d| fferential signal pair.
[0044] As shown in FIG, 3A the differential s c ri |n(9£ si gnal
conduct ors SEMW4ghd Tegnaintainy esptable fiffereniy lrlee iﬁr‘g‘iffi\@r in row

413. The s@énfl{ %@@ﬁ%ﬁﬁh&b%ﬁ%ﬂﬁé% l?éméér%dﬁgac?étg%{hlﬁgffé{k'%dﬁ%a&dﬁis?df aand

S12- is oca acent ound conductors G one in row 413 and one
in row #ih. Gaprvasatiorsrielyomdba fiec thonsaniths lofi de intchonayr Guseiurasoehidtiovariationas ent

h diff I :
kgnﬁifngaebmeeéfn% RO e AP YR iy SR £ o s Apred, B0°

m smat chgs; 4 Céﬁgﬁgeangq,@ggﬂ%ggﬁf&ﬂﬁsspeed However, the |ack of one
adj acent gr ounc? uctor can bé conpensated for by redu0| ng the

gap
bet ween t he ¢ID(I4I7]3r FhGi S bhevsmedrrayaifidiffeentiad signal pairs land gropnd sentaels drwhich

ground condu tor 0045 Id b d t dt
si gnal | fieFh <o £ eHnals lf‘rﬁgsﬁeg %g%{t%8 grglntﬂb ?fg%%yrﬁépaggéeﬁ |ﬂ§)%%g of
the sigpade @hqeﬂﬁlﬁh'ﬂ@ tRONEMCEIRE D t@%ﬁleip@did ernfihfldh ﬂﬁﬁiﬂﬁbehﬁ&lﬁﬁiﬁiﬂCEhﬁay

be determ ned by the gap between a single- en ed si %nal conduct gr and
anad] acesrecigrbo nﬁcolugnrmucbi@g@emdth 9 Py Shis T ilheas been fvedithgiéBance

exi sting_ bet nde C , at
a parti fﬂeﬁtrr\,\ﬁ%f’ﬁfatb OuIt g t%f" g%%b%ﬁ@a%%fg% (‘ﬁ@gﬁﬁm gﬂlﬁ%@gg# s B)d :
[ 0046] Hmlfab@ttalknvmeaﬁtoamnmsouré files etapiaatd.i Wihertathe eolanmt aed ndt etagpéred an

bandw dt h systens, is desirable to control the gap between contacts to
Wit hin &smee a‘ilﬁ@ﬁél%ﬂ%tgﬁé) igdegdrablench. Gap variati ons beyond a few

thousand: s gfo8 LAGHIRLAGADE HYBRBGAAE Bl 1AL 18Rk bR kil abiRdGRCe

profile; ver e accepta ariation is pen ent on the speed
desir edtalk becueringm amtpartamdmpdsraﬁxhaé cammbelliniithé to alhwe@hatfmat@p&ble[ foode] FIG 5

shows an array of differential signal a round tacts in.whi
each COPWUQCQ@FWBQ@CP@%V?‘% “f@@%@agﬁa&?ﬂf‘g@@ﬁtls 8&0 %rﬂ%’m é"r‘?:éa ?rlétgt is
measur edyfh rfatﬂe gﬁloﬂfal(ﬁlg]ttﬁﬁm %lﬂﬁ}%g,twéﬁl@taﬁ@é@ sslasri@ily! uhif 60 e sIREE Ng

termnal in t acent co
from column 602 by an offset distance d, column 602 is offset from column 603 by a distance d,

and so forth. Since each column is offset from the adjacent column, each terminal is offset from
an adjacent terminal in an adjacent column. For example, signal contact 680 in differential pair
DP3 is offset from signal contact 681 in differential pair DP4 by a distance d as shown.

[0049] FIG. 6A illustrates another configuration of differential pairs wherein each
column of terminals is offset relative to adjacent columns. For example, as shown, differential
pair DP1 in column 702 is offset from differential pair DP2 in the adjacent column 701 by a
distance d. In this embodiment, however, the array of terminals does not include ground contacts
separating each differential pair. Rather, the differential pairs within each column are separated
from each other by a distance greater than the distance separating one terminal in a differential
pair from the second terminal in the same differential pair. For example, where the distance
between terminals within each differential pair is Y, the distance separating differential pairs can
be Y+X, where Y+X/Y >> 1. It has been found that such spacing also serves to reduce cross

talk. FIG. 6B depicts an example contact arrangement wherein adjacent rows are offset by a
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aspect ratio of colum pitch to gap width, as shown in FIG 5, is P/ X It
has been found that an aspect ratio of about 5 {i.e., 2 mmcolum pitch;
0. 4 mm gapowetidp3’8s adequate to sufficiently limt croseThmbdoswbase the
colums are al so_staggered. Were the colums are not staggered, an aspect
rati o oflistanoet tigs 15(1161&%}’@1@%]@1‘1@13119? OFOMSEHMa@e;ééM HWI%IB’(W@’JFWW?%& ting

the colupns, .the | evel urring in any

parti cuf’l%]l’El étnélsllgfl?‘llﬁalrégﬁ&‘bna@lu edgltsél)gea% eveI g[tl éi acceptable for the
parti CUBXENMPDARY CONNHETORISYSTEMS As@@@RDmGZT@T}BE HWENT&ONer Is of fset
fromthe adjacent colum, in the di rectlon al ong the col . a di stance
d Speci f i cal®830] ¢ FilGnh slBos 3 BegAenEEStyle 6PRNCEION ATFOREDE IRt rPr‘Ef'Fﬁ‘l BYeIHI]IOth

d, col u((ﬁlh@@% Ié}?mm&{ezslﬁga;t ]afsnéé[%%rﬁﬂé e&gigls%%k% q{é’%}‘%ﬁn&%ﬂg RAfecst dsed th-

Since ea rom-t adj ace , ch termnal is
of f set paaltlapnasitieaefivné eleetinal devive ancteaj apented cotuitrboarfioo aamrtheptlestrisalgnal

tact 680 in differenti.al 3 f | t act '
G 11 or cAPY S Sl 15 pTheb rgled PP HHow R OB LSBT e MBHOY M og SerBh iDos

anot her 4 1ﬁ8&£ﬂe9;&§ﬁ¢% r%&éﬁéc%ﬂﬂab1els19ahaﬁea@eﬁm n each colum of

term na SISO t|ve to adj acent columms. For exanple, as shown,
di fferential [@¥l} DPthis magwdrpmmeld@dcdldevité slectricalbyymay ifase withithg repmtad@Pz in

t he adj acent | um 70 a di ce .d. d t th
array oPOI{t’é’Pl%(iﬁé(FasaH%t@Ees %? ﬁﬁﬂgeﬁt%ﬂr#ﬁwé%ﬁ 6381 g@%g‘?esg?’ ﬂ}h{hoé\%c ©
di fferegbiiph 88ivia baﬁiaéo%rcts r&%xﬁkhﬁfeemgé@bnwploh& e thiBhder ﬁtbncsmbtaﬁa i
separated from each other by a di stance greater than the distance

separ at revgplosle poiani 8"1é)l of |cnnlascmrf8f)@ ta@rﬁ1¢(éltl0%ﬂé(|matﬁ¢ dhe t"i‘ﬁeel§@€éﬂdietf@ﬁ$ﬁhﬁh4fe in
t grems ﬁglﬁ%rg}lﬁ]::{ ﬁrtﬁﬂlg de%lap%i é?cgﬁ‘{aclgf%?e 5Q eleéﬁh %&1?}1 lllxqqh@g Sﬁl%ﬁlﬂ%%% eﬁ;ﬁ)r 800.

ance separa

differ e[ttsh@ﬁlde%labﬁre@ﬁtbdhﬁatYﬁé%leWﬁeﬁlQieVrb& &n mdte with ‘dhaﬁoﬂilmterOO ixdlariyh at such
spacing al so serves to reduce cross talk, FIG 6B depicts an exanple

cont act n&mbgmgfé’h%’ﬁ witheat @‘?Ptﬂrtﬁw frqra e praneiples of the pisssnt BVeatPRt ance d t hat
I s"nearly i‘ﬁﬁ?] e%e'ééﬁtaéig 810 fﬁf ‘?ud%' agfgé‘%pt% flous gSEPI’OAt :gﬁ é;fﬂ AHep&f Y X

bet ween adj acent” sign |n a col'um i1s so ne one pair

| engt h i:eﬁepiﬁéﬁEWSC@W@Eﬂ]ﬁrﬁﬁﬁmmm&}éﬁ@ﬂdﬁhbw(IZN aﬁ16050]
FI G 7sowsanezzan|nesyle co ctor a di,ng.to the sent

| nvent i Beder BGaving,a heAelst BesEcRE Oty P HiEbinGsh Al GrRMKs a2 ] Aagged around
hi gh- degRi d iRk QO eaem%la sgégd The ke patle 'h%hs1ﬁ§@ﬁ‘@&tah@ heHea@housing

el ectri cal eglew ce suc i nted ci rcu? board, "to anot her el ectri cal
devi ce, SE(MIma@zsbeanmeheﬁanplcomtr@dmdly mﬂablebnmxﬂaimgrmathmll ilhe heddee groend s Ine

ﬁggg:?t glr?(bt Sesfgcrég{a%leaggorgunc{s Sﬁtsgr%te % conrr]1e<|::t tl% groung n&éreﬁges ofan 616 %gceﬁ %evwe gho and
is connected to the header 820 with the ground reference of an electrical device that is connected
to the receptacle 810. The header 820 also contains a plurality of header IMLAs (not
individually labeled in FIG. 8 for clarity) and the receptacle 810 contains a plurality of receptacle
IMLAs 1000.

[0053] Receptacle connector 810 may contain alignment pins 850. Alignment pins 850
mate with alignment sockets 852 found in header 820. The alignment pins 850 and alignment
sockets 852 serve to align the header 820 and the receptacle 810 during mating. Further, the
alignment pins 850 and alignment sockets 852 serve to reduce any lateral movement that may
occur once the header 820 and receptacle 810 are mated. It should be appreciated that numerous
ways to connect the header portion 820 and receptacle portion 810 may be used without
departing from the principles of the invention.

[0054] FIG. 8 is a perspective view of a header IMLA pair in accordance with an
embodiment of the invention. As shown in FIG. 8, the header IMLA pair 1000 comprises a
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[0051] In this manner, an electrical device electrically may mate with the
receptacle portion 810 via apertures 812. Another electrical device

el ectri cavbyossaewswi t h t he header portion 820 via bal | pcontsamBs®26480r
exanpl e. Consequently,.once. the header portion 820 and the receptacle

por t i onhexlr BYILdoHEemnd a tvader AME. Ao 1 €24 rlg@afﬁlwl%‘?réﬂﬂsqs 8 oy fiandlethqusig

d d
of ect 11 401 T St OF BB el AR PO TP oAt el Bmolied o

that theo@i@el011cald LRYie€etheaddt dvataetsWioBo. IAJQ easbe mm FIG08) thethendyr combdves
of ways w thout departing fromthe principles._ of resent invention.
[ 0052] R@%ypa@qeeseémtoﬁh«yh@%&&a@éhaad@ég\élbﬁéépéo é@ 810A and a plurality

of receptacl fodkapund dﬁﬁ&%ﬁé ﬁmgf‘aﬁd"’}bﬁﬁe tdﬁ% lﬂaﬁaé@ta%heeftaﬁ ﬂ%or 9GEdHea §lie

housi ng 810 aving a housi ng 8 and a plurality
of head eos(gm@y fbd as@ltd sacurelygennaat BUhA hdmemgeanﬂ rene i 023 mtlh:edetmmdmn QAT ng

of any  EAHENE SIeL il SHER SEFAHALGE Pl OPAY O HEPE JEg S AL
and the, J@gzleg&glggogg?, é@(??;le jgserve to connect the ground reference of an

el ectrica vice t ected to the header 820 with the ground
ref erence of [@056]3I @dﬁri)wdtogeww;ef 1 plarality of eadecasseimbly pahre i sasepstaned witB10.

The head | t uralit . MLAS d | |
|aﬁe| e feppgmeat peearanion it bttty PR Ebe S B Plod 4T 1
r ece@%@&ﬁ@aﬂy’%’fﬁle&@églgmﬁ%]ar @cﬂt@ liaeaRee9or 8dRniRy1 12001 B5on

aI i gnnent pi ns nment pins 850 mate with a |gnrrent sockets 852
found i hl#&ddés, 1950 an¢rhé7ea| It gravddbe ppmiecigsd thahchs shegh rehin enscgeehodingy ofer ve

t | t.he head dth
a1t gt BYeLogsge dRden Ry “CoORpE B8 St Mo cRbeddfG: 1f "
novenmenthduldhblsoBY apsretihtea e, dshiesdibadaboi? fhe&ﬁddd’re@mﬂﬁyﬁ heed3id canteinmmtyed.

It should be appreciated that nunmerous ways to connect the header portion
820 andgrw@dﬁpa@ﬂé portion 810 may be used wi thout departing fromthe

principles of O(H"/? i is ?fl;bn rg[éa Zghwg\!v%’fa@e ?ﬁ%‘lﬁqﬁ/ﬁ?&?ﬁﬁﬁﬂ’ Qch)ircFaWcé’%tﬁan

header | MLA pal’r-in accor an enbo e I nvention.
shown i Bmbb&meBt of the ifveaten. Radeptapki IMILAREird 00Q compssea haapiaclel IMIM 1QIL(Damhd

a header I MLA 1020. 1 MA 1010 ¢ rj an over nol ded 1

et o5 BocHassAMIcbARAL RePBele TRk ROLHGITIPHEASS SO o ougee dAT!

over mo! ggte %?géee b 31158034230 S8 hGSccplachoRIER 1990kabAsclAivorfolaan be
seen in & hea er contacts 30 are recessed into the housings of

header hihshsg ]lZ)ZIl(.hndmiseﬁGQGf receptacle contacts 1240. As can be seen in FIG. 10, the receptacle
contacts 1240, 1230 are recessed into the housings of receptacle IMLAs 1210 and 1220. It will

be appreciated that fabrication techniques permit the recesses in each portion of the IMLA 1210,
1220 to be sized very precisely. In accordance with one embodiment of the invention, the
receptacle IMLA pair 1200 maybe devoid of any ground contacts.

[0058] IMLA housing 1211 and 1221 may also include a latched tail 1250. Latched tail
1250 may be used to securely connect IMLA housing 1211 and 1221 in receptacle portion 910 of
connector 900. It should be appreciated that any method of securing the IMLA pairs to the
header 920 may be employed.

[0059] FIG. 11 is a top view of a receptacle assembly in accordance with an
embodiment of the invention. In FIG. 11, a plurality of receptacle signal pairs 1300 are shown.
Receptacle pair 1300 comprises signal contacts 1301 and 1302. Specifically, the receptacle
signal pairs 1300 are arranged in linear arrays, or columns, 1320, 1330, 1340, 1350, 1360 and

1370. It should be appreciated that, as shown and in one embodiment of the invention, the
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[ 0055] I MLA housing 101 1 and 1021 nmay al so include a | atched tail 1050.
Latched tail 1050 nay be used to securely connect | MA housing 101 1 and
1021 i n hwedess/os7i on 820 of nezzani ne connector 800. PprTalseesd2d184

appreci ated_that_any nethod of securing the IMA pairs to the header 820
may be eopptasiedignilGRis prerilignedandsneg staggengil emredation tpone anathsr. df shealdpdso be

assenbl ai.rs,i d ith nmbodi f s ' ' 9,
27D ur et it e fosergra ooy e BRaBh asutBicel nob Bk ¥ET e puipE,
si gnal pai r sjgy66] 2o iPFIG g athediff@yatial @fgnabpdifimse edgt20upled 3y 1140,

1150, 1160 and 1170. It should be appreciated that, as shown and in one
embodi nether wordshibe iedgeFt01ldnof angeonieaidid01 45 adiagenpisi the edgcel 302/ adigcHot

stagger ednéj%cg 1% te']«f%igﬁ tgg gﬂ% ARG f?rJ dn AP g%gwf’dtﬁé)bé%%eé}pﬂfj &‘éh@é&%eét@ﬁ; ’

as descf? ader assenbly need®rmot contai n any groun

cont act gnd 9 Bellithib&ihe HohieSerfert f dgsiablievimpedane ddvels in dighptonticeddndltA pair in
accordance wth an enbodi nent of the inventioH. Recept acl e IgL air 1200
conpr i sexmeetesvideaus thewead foreonteqts tha esptog sl RPE ‘i&?@&qﬁ@@ ptAEC EORRANSA

1210_copy %gﬁatg%a@%@; cé’p?gtc PRUZINA (HEIh A0 BidAL AL 8 RhiabPERRIAThBugh

contacts _ I'LA 1220 Tonprises an overnol ded housi ng
1221 andickcsiregiongfconeceaptiant,@fcont acts 1240. As can be seen in FIG 10,

th t acl t 124 30 ar di . i .
Fecept acl e AL £ 2bouRG KISIT, e QHIcCS D {PRA S RU ML Y B Fon
techni qi(fj%:?a?iv@f;f R der iﬂ%ﬁltlii/@&iﬁti%ﬁ@éd, bRtyRAE I PO digihl @bnth&i tHaVhlaRe 42 3 Qliffd@@ t 0

be sized very precisely, accordance with one enbodi nent of the

i nvent i signaltphi. Seclepdlatlety Biget Aisparbe capdoutasiptbe decressd inthegrgss galk theg may
contacts. 058 | LA housing 121 1 and 1221 may al so include a |atched

t ai | 128‘6’.&8%‘?"’(?%%5‘\%3;%06 ?%%’agrﬁi‘}rsbe used to securely connect EVILA housing

121 1 and 12@116'2]1 PG et BGlt6p PR dfRoDEPraebptacls ageinbly DQRcoriincehaitt sh be
appreci ated that any nethod of securing the | MA pairs to the header 920

may be empodiynstt of theBoEntrg InfFiG; £2,4 nlegslipy diieetptasle damghpais H00e sAWN-i n

e SRSl PSP g MG DL I TS Al hiton

si gnal GOME a&dptadBQbriasiterd 8igAal capeRigidoadhdtyrs witheno goeid emitectsprgsait irpther s

1300 are arranged in linear arrays, or _colums, 1320, 1330, 1340, 61350

1360 aneomrsgtor. Ferthsegred sigaalape idoo.we §readatide %%lpfﬁﬁ‘am ¢ %reitﬁe Bigad e

croc g £hr IS bLPTIO oA REBOVGGLEIS) il 8%zt ablartoand no
within the same pair 1400. The receptacle signal pairs 1400 are arranged in linear arrays or
columns, such as, for example, columns 1410, 1420 and 1430. It should be appreciated that any
number of arrays may be used.

[0063] In one embodiment of the invention, an air dielectric 1450 is present in the
connector. Specifically, an air dielectric 1450 surrounds differential signal pairs 1400 and is
between adjacent signal pairs. It should be appreciated that, as shown and in one embodiment
of the invention, the receptacle signal pairs are aligned and not staggered in relation to one
another.

[0064] FIG. 13 is a perspective view of a header and receptacle IMLA pair in
accordance with an embodiment of the invention. In FIG. 13, a header and receptacle IMLA
pair are in operative communications in accordance with an embodiment of the present
invention. In FIG. 13, it can be seen that header IMLAs 1010 and 1020 are operatively coupled
to form a single and complete header IMLA. Likewise, receptacle IMLAs 1210 and 1220 are
operatively coupled to form a single and complete receptacle IMLA. FIG. 13 illustrates an

interference fit between the contacts of the receptacle IMLA and the contacts of the header
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appreci ated that, as described above, the header assenbly need not contain
any ground contacts. [0060] Also as shown in FIG 11, the differenti al
si gnal pavoerrordge coupl ed. In other words, the edgept3AbLosi20Be

e L a0 o S 0 T S0P LT 0
connect ?é@q_lﬁngﬁge h M il\@%Al th tR B Serhdlfe ﬁ\ﬁﬂA?%ém%gﬁﬁﬁy QnsBet (3thla8 ehiFoaHR¢HE 8f

| evel s contac ensity connectors out the need for contacts
t hat ar éhdm@eseatrmvention. per f or m adequat el y. Edge coupling also facilitates

i ough di el A1GS) ¢ FEg) ook G e png Brele etodingta 7 A 2 s ERReY

11, thepd h§éﬁﬂ%€‘c§&éé@ai acSGRAb Ue fbetnf 1ARBBhal highdhélbctAaintatorla8BST (ieg! ¥
| arger than the distance d, between the two signal contacts that make up a

di f f er entmatria hgviag apeletivelBhigh peehtitvityed.g., £ arayed Witk eante bewamrefpmedds t o

t he decrease i.n . the cross, talk t ccyr |.a l.gral
pai s, - ey bepeen 15 Py fystetetatz TR ARG His ML EEEH slit B TRMo RO
accor dangs-gklebtrid inRekadinaemhy 88 utdient108€ But &8 noblimkte@to, LLP, 8PS| aidalyléry of
receptacle signal pairs 1400 are shown. Receptacle si?nal pairs 1400

conpri salhs icomiadts 3ohexiond throueh anddre e inag clgeigally insulabg dissicor>d- i n t he
receptacle p i .on.-are_signa | 0, : | acts
resent i ¢ RednBEBseA B R EMIRES Bkl Sre RS0 B0
coupl edpeimits a lalciFME 8 Bhebhiveatithsicdadibddd 25 dfor tesannndifetentididinpedarzd jas thent
to the broad side 1402A of an adjacent contact 1402 Wthilgeég?ggft?%e%&gir
r

14:)0. Tivair opddbhaye(ie the apsence 9h thednghrdisleghis materaly dpr examp

col ums, fo : I\ d be
appr eci %?é%{ﬁpﬁé;?f%’nyﬁ%(ﬁﬁ%gggg? 5%?# S rlr%légeg,ez éﬁ%gqﬁ?%(e)é%%qfer? ‘Ic])l;[\lgdﬁg%n%)eodi ment
of t h;a idib?l!clmﬁd oateriah Wiith thk lelchalieléatrid diatriab3 12 disposed betwiehe themondadtons 354, a
Speci fica an air dielectric 1450 surrounds differential signal, pairs
D300 anaa $3bef mwerima)he A sogibe ged Tor e shpg SRl PR 6o rat
as_showy 0@?5. T sh80Me E%'ﬁﬁﬁgﬂsm%ﬁtthaﬁfthé et BY SRt theRBndREAP FRAItELes | gnal

pairs are al'igned and not staggered in relation to one another. [0064] FIG
13 i s anpanfpbringwé thd @mnedtora header and receptacle | MA pair in accordance

1A an TG S S N SR e s I o RESRLA
of the Bh&RBRY according to the invention wherein the contacts have relatively low spring movement.
That is, the free ends 364E of the contacts 364 are more rigid (and, as shown, may be generally
straight and flat). Such contacts may be useful where it is desirable to minimize any springing
action between the leads that form a signal pair. The contacts 364 extend through and are fixed
in an electrically insulating frame 366.

[0068] FIG. 16 depicts another alternate embodiment of an IMLA 370 according to the
invention wherein the contacts 374 are single-beam hermaphroditic contacts. That is, each
contact 374 is designed to mate to another contact having the same configuration (i.e., size and
shape). Thus, in an embodiment of a connector that uses an IMLA such as depicted in FIG. 16,
both portions of the connector may use the same contact.

[0069] The mating details of an hermaphroditic contact 374 are shown in FIGs. 17A
and 17B. Each contact 374 has a generally curved mating end 376 and a beam portion 378. As
shown in FIG. 17A, as the contacts 374 begin to engage, there is one point of contact P. As
mating is achieved, the contacts 374 deflect around the curved geometry of the mating end 376.
As shown in FIG. 17B, there are two points of contact P1, P2 when the contacts 374 are mated.
The contacts 374 resist un-mating by virtue of the curved geometry of the mating ends 376 and
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invention. In FIG 13, it can be seen that header BVILAs 1010 and 1020 are
operatively coupled to forma single and conpl ete header DVILA. Likew se,

r ecept aclwoRvdo26378210 and 1220 are operatively coupl edpto/fsesosiozsssi ngl e
and conplete receptacle EVILA. FIG 13 illustrates an intirfemggce fitd
bet weenthe hesubiamitmacns! fofcettistveeadBpeaniacss. DRrpicrbinFaetherrias Pae fieTyies £ 7Hve
header | ML it owi.ll appf eci af [ fdccal
cont act I°*%§ B‘f%l?ovpf%’? 32%5?% p|e\?/1eé %%ﬁ%ﬂ?ﬁ%@%é&%%@%ﬁ 9{1(@8? gﬁ? %gle?g%tepgf acl e
| MLA, i gir&idal | y consistent with an enbodi nent of the present invention

[ 0065] FIGs. 14A and 14B depict an alternate .nbodinenﬁ) f an 1 MLA 350 that
may be used [0878] cBrntacheomdsesienddhadhs Hregaing TSI FmbRIITAHHSHaveHoen

hi gh-di el ect i ¢ i b i { Latd YeliMithioon
permti Bﬁotvif‘{edél?eéa?tf‘g‘rtﬁgémi’%%‘? H oBjmafor By & %ﬂ%? e s di spoged
bet weenihhgvepdios Uidrdewhieh davabebntused héreinmare Werdsidffdesaziption land iljstatiqiai r s.

Ex | f high-dielectri teri th b d incl i a t
7 § ecradisr taemyordpel ity (e bt e ueason BRverba i pdehaRiF "
fixed i lgalf%c &l§ %Eﬁfcﬁﬁ& Lt}‘udﬁ%}‘x‘n@khﬂﬁ ah8/BPBmBSEimehR08RlinvnboR e itendell ta

hi gh- di ric materia bet ween the conductors 354 permts a larger
gap 358bbtmieéto thhpationturdisleseddurdinr Rather, theraventipnexiends @ all peitpBlE as

the pair wouyld have in the absence of the high-di t Il i . For
exanp cCTRGHCT ST TP HEAAR RhBg such ey i By Syt Aeddgaints

appr oxi FaE &l ¥i1Rd Ik, dahige iRl rhatiest thé {ehetihgst dfahidispdoifitation, wmy effeal . W th
the high-dielectric nateria% 352 di sposed between the conductors 354, a_ gap
358 of appeors metdloptienstherstodnd dbanges mayieanadeovitihay deparang fromdhe seqpgend

i npedance .(i g. Z T 100 Y¥ etét shoul d be understood that the | arger gap
bet weenSHHECLER PRI EAPI¥4t es nanufacturing of the connector. [0067]
FIG 15 depicts an another alternate enbodi nent of an I MLA 360 for use in a
connector according to the invention wherein the contacts have rel atively

| ow spring nmovenment. That is, the free ends 364E of the contacts 364 are
nore rigid (and, as shown, may be generally straight and flat). Such
contacts may be useful where it is desirable to mnimze any springing
action between the |leads that forma signal pair. The contacts 364 extend
through and are fixed in an electrically insulating frame 366. [0068] FIG
16 depicts another alternate enbodi nent of an DVILA 370 according to the

i nvention wherein the contacts 374 are single-beam hermaphroditic contacts.
That is, each contact 374 is designed to nate to anot her contact having the
same configuration (i.e., size and
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shape). Thus, in an enbodi nent of a connector that uses an | MA such as
depicted in FIG 16, both portions of the connector nay use the sane
contact. WwOQ6@}o2d31e mati ng details of an hermaphroditi c PcONISa@E/036444 ar e
shown in FIGs. 17A and 17B. Each contact 374 has a generally curved mating
end 376 ¥hat is Gamwsdsortion 378. As shown in FIG 17A, as the contacts 374
begin to engage, there is one point of contact P. As mating i s achi eved,
the contjact s 374edatdiRehntedthptidgcur ved geometry of the mating end 376.
As shown in FIG 17B, there are two points of contact Pl, P2 when the

cont act s 374 aanezzaginestyleTipanedion kais®gad74 resi st un-mating by virtue of the

d t .t he,.nati 76 . ) AL
botveen-the. edeauptRilaalpaPdRpdl if B rifyibEail Aok iBHl J SHsCfncar

resi st ang@y ROElktPRalZodtae®; kipede any desire by the contacts 374 to nove too
far in the mating direction, [0070]., It is to_be understood %P%E t he
f or egoi ng i | lasseqndkdiffercatial signsbpaisdispased Beibs hopeig dad pesitiensa 3dhsceptthe first

pur pose | i.QF [ Ry . LirL b of the
et 1 G S O o P e B e e e
i | ustrabusing; rather than words of limtation. Further, although the

i nventi on has been described herein_ w.t eference, to_.partij.cular. st.ructure,
materi al s andVhsFeiR tisg@mResieisls deyid Pﬁ%ﬂgf quiegn ﬁ’&%rftrﬂl Frsatalsiensbrd $d eq

to the ' kscd: herein. Rather, the invention extends to al
functioﬁ%%%%&ggﬁﬁ%g g%§£%%§§%€Ures, met hods and uses, such as are within
the scope of the appended clains. Those skilled in the art, having the
benefit ,of t t j FSa; | d.catd : k "

modi 104t ong EEELa AnyEtp B AaBEE A A Ot R S SIS Sdoned
scope antbngpi first comfact belumn\aadtthesecoml differeaspleigm] Piats positionead aledg a Fecofd

el ectrical connector conprising: a nezzani ne style connector housing; a
first dicPPRFEHYBE- signal pair disposed in the housing and positioned al ong
a first linear array of electrical contacts; and a second differenti al

signal pair disposed in the housing and _positioned adjacent the fir

di ffererial Télﬁﬁﬁamecﬁ)&iofca%ﬂgc%n@éﬁ%ﬂﬁﬁtEEQQ@S%I&’AX/ SeéP%‘?:{ela @%ﬂemZ’i%t acts
and contg L fhet s Qb1 MIRERIH th ighsl RO ufpediths ds
bet weon E e 8 e D B g e e d iy

si gnal pastrlead assembly and the adjacent differential signal pair is disposed on the second lead

assembly.
4. The connector of claim 3, wherein the contacts are edge-coupled or broadside coupled.
5. The connector of claim 1, wherein the first differential signal pair comprises a first

electrical contact with a rectangular cross- section and a second electrical contact with a
rectangular cross-section, the connector comprising a first lead assembly and second lead
assembly adjacent to the first lead assembly, wherein the first electrical contact is disposed on

the first lead assembly and the second electrical contact is disposed on the second lead assembly.

6. The connector of claim 5, wherein the second differential signal pair comprises a third
electrical contact disposed on the first lead assembly and a fourth electrical contact disposed on

the second lead assembly.

7. The electrical connector of claim 1, wherein the first differential signal pair comprises a
first electrical contact and a second electrical contact, the first and second electrical contacts

having a gap between them, wherein a differential signal in the first differential signal pair
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2. The electrical connector of claiml1, wherein the first differential
signal pair is positioned along a first contact colum and the second

di f f er entwel2oas/@oeB pair is positioned al ong a second ceorastowsokasn. 3.
The connector of claim1, conprising a first |ead assenbly and second | ead
assenbl praticescantledtic fibkd Havingta firsheleetss Salsl sjirengiher dlergaptaadfajseaqnd electric

diff jal si I ir i i d. the first.l ead -
ad acentol Treoederefeerei PR St el el AN AR el s,
4. The gepoesbaed e thelmitBlatriohgldgirtndthe contacts are edge-coupl ed or

br oadsi de coupl ed. 5. The connector of claim1l1, wherein the first
differential signal pair conprises a first electrical contact with a

rectangyl ar gmEekctrRBFEdiRBctBNST Qi € oMtkrah ¢6d Kduemg 16 AN@EH et ihpat with a
rectangul ar cross-section, the connector conprising a first |ead assenbly

and secdiadedticiohatesisbibl ipsalieaithervontagtst he first | ead assenbly, wherein the
first electrical contact is disposed on the first |ead assenbly and the
second el ectrical contact is disposed on the second | ead assenbly. 6. The
connect & of Thealasirbal wheeebnof dains@odredeiditlie deleefricanateiaasdirpai r conpri ses
athird electrical contact disposed on the first |ead assenbly and a fourth
el ectrical contact disposed on the second | ead assenbly. 7. The el ectri cal
connect dn. of Al dectridal cotnercair cotnpesigr st differential signal pair conprises

a first electrical .contact an second el ectrical contact, the first and
second el ect AiRHFAEBASH G OTREITIPUS8ap bet ween them wherein a

differential s}GnfffereRtidIREnhI patt didpdsb@ LLME hBhsisg ﬁkﬂﬁ%osﬂfdnreﬁ R GEErs@hear
electric field having a first electric field strength in the gap and a

second etrey bf ¢lectficalcdnitispagt h near the second differential signal pair,

wherein the secon ectric.field strength,is | ow conpar.ed the first
olectric {1 erdcarparaniy Sispabhes BPEL e Bakdth SRBRIEhe Bopd et

t he housinB& argyloif bleeflicalcdng@it in part with a dielectric material that

insul ates the contacts. 9. The electrical connector of claim8, wherein the

di el ectric mavhsraimthejsscqgidrlineaiparranris aflieeant fe e fegdmeat araye anghihe Spgpetas is

nmezzani S . iAg. | ISty di i ignal pair
di spose(@g‘(or%h%éh%u%lggg%&g%%q%gﬂslp%%%g%) %r‘l%éﬁgg%t’ﬁ‘? ﬁ@%dr%rﬁ ar array of
el ectrical contacts; and a second differential signal pair disposed in the

housi ng 1?.nd R92 Iefelc es co%lnce)&gr 53 cslgl%oﬂf ‘wherein the first differential signal pair is positioned

along a first contact column and the second differential signal pair is positioned along a second

contact column.

12.  The electrical connector of claim 10, wherein the first differential signal pair is positioned
along a first contact row and the second differential signal pair is positioned along a second

contact row.

13. The electrical connector of claim 10, wherein at least one of the electrical contacts is an

hermaphroditic contact.

14.  The electrical connector of claim 13, wherein the hermaphroditic contact includes a
generally curved mating end adapted to deflect a generally curved mating end of a
complementary hermaphroditic contact during mating between the hermaphroditic contact and

the complementary hermaphroditic contact.
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| i near array of electrical contacts; wherein the second linear array is

adj acent to the first linear array, and the connector is devoid of shields
bet ween twe 2be@b378i near array and the second |inear arpay/usidsoidass

el ectrical connector of claim 10, wherein the first differential signal
pair islposi trIih@rtvmtraJIabqttgmactbr pitlaisoit, azﬁler@mhﬂmatmnﬁhéth@é%ﬁﬁphﬁofiﬁ’ér enti al

signal pair osj.ti.oned . al ond. | ectrical
connect GPntB?te @1 hde c?ﬁgf%ga(f%? Sl lﬁjer %#ﬂg‘conﬁ@%ﬁﬁr is

posi ti omggn@h%mtl@cgﬂtm,t cont act row and the second differential signal
pair is positioned along a second contact row 13. The electrical connector
of claim 10, wherein at |east one of the electrical contacts is an

her maphrgdi t i16,c GRRLRG! conkfetod BEIShE TS, Wifeadin R HeGhSHroditic cbRjat iddudesher ei n

t he hermaphroditic contact includes a generally curved matl ng. end. adapt ed
to defl eutved r@mﬁ@manabwo@uhatempﬁ@ﬁsm@ve@mt of the cewRisMmentasy BenaR mgq ic
contact dur mat ryaphroditic contact and the

conpl en@fﬂnﬁﬁﬁﬁtMB%P t gel&gle Cogﬁ 5 The el ectrical connector of claim
14, wherein the mating end of the hermaphroditic contact enables the

b HH R PR A R R Rl T T
t he herwghcgmgyﬁﬁgm@gﬁanémb%deﬁka curved resistance portion that
i npedes novenent of the conplenentary hermaphroditic contact along a mating

direction between the contacts. 17. The electrical connector of claim1l0,

wher ei n jghe f"['h"e%iecq{dcaf @(ﬁﬁl@&tbﬁbf Shign 80, vidRkdin BRsfirat dlaferentiall Rgrdd Bhir G Sfivt t h
acceptance cross- tal . The el ectrical connector of claim 10, wherein

the firsmpedantentad G@Vs @tzgma aqdaﬂ sechresimperipnostat p P &hinata sate.gnd tpfist dat a
rate and a second edance a 10 edance
and t he”g‘B‘E%Hﬁe P‘?fjp rrgﬁ%%l éIFIBG %mfdvc%ef%%?{ ‘%t 5(?efe]%”er e&%ged:;{}lr(ir)edalngg 19.

The el ectrical connector of claim 10, wherein the first differential signal

pair copri sos L9, Leptangul ot Shaped Gontact. A Eaiklhs 45 Sk 6pales

two rectangular shaped contact are that edge coupled at a 0.2 — 0.7mm gap or broad side coupled.
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