WD 2006/ 020493 PCT/ US2005/ 027777 | MPEDANCE CONTROL | N ELECTRI CAL CONNECTORS
FI ELD OR I | ON [0001] Generally, the invention_rel to the field
of elecpygggpﬂ%%ﬁggctors. More particularly, the inveﬁF&Gﬁﬁﬁgpgpgé to an

i npedance-control l ed insert nolded | eadfranme assenbly ("]MA") in a "split'
configuration. BACKGROUND OF THE | NVENTI ON [ 0002] El ectrical 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 colums)
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 conpromsing signal integrity. Wth
el ectronic device mniaturization and high speed, high signal integrity

el ectroni ¢ communi cati ons becom ng nore prevalent, the reduction of cross
tal k beconmes a significant factor in connector design. [0003] One comonly
used technique for reducing cross talk is to position separate electrical
shields, in the formof netallic plates, for exanple, between adjacent

signal contacts. Another commonly used technique to block cross talk

bet ween signal contacts is to place ground contacts anongst the signal
contacts of a connector. The shields and ground contacts act to block cross
tal k between the signal contacts by blocking the interm ngling of the
contacts' WD 2008YIB Edﬂﬂﬁgﬂﬂaéﬂbﬁﬂﬁﬂﬁ GQONNEGTHORS F| Gs: 1A and
‘1B depi ct exenplary contact arrangenents for electrical connectors that
use shields to block cross talk. [0004] FIG 1A depicts an arrangenent in
whi ch signal contacts S and ground contacts G are arranged such that
differential signal pairs S+, S are positioned along colums 101-106. As
canbe pAAMD IOF THE INENTI®ONI gnal pairs are edge coupled (i.e., where the
edge of one contact 1s adjacent to the edge of an adjacent contact).
Shields 112 can be positioned between contact columms 101-106. A col umm
101- 106 can[006L] uCeneraly,dominverstiananlates te thgifield ebelecitical caapec®rs.are gr ound
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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 electrical 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.
Another commonly used technique to block cross talk between signal contacts is to place ground
contacts amongst the signal contacts of a connector. The shields and ground contacts act to

block cross talk between the signal contacts by blocking the intermingling of the contacts’



pairs in adjacent colums. [0005] FIG 1B depicts an arrangenent in which

si gnal c%%@zﬁ%?d ground contacts G are arranged sug@ﬁ@g{qyﬁ%@fy:reﬁn}t inal

signal pairs are positioned along rows 111-116.
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of one contact is adjacent to the broad side of an adjacent contact).

Shi el dghatzse giieldpto Bloek ejoshialk. bet ween rows 111-116. A row 111-116 can

i ncl ude any conbi nation of signal contacts S+, S and ground contacts G The
ground cont G : I t: . het: | renti | I
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known aiagailvaljdcegecodimadi el ds is that they |ower inpedance. Thus, to make
t he i npedance high enough in a high contact density connector, the contacts

appl i cat i ond000R], Rg: T dspiel faArabEEH o8 YRRl AL s S Pl 4B pAeBATRge of

the avaﬁh@%%n%&pg%ﬁ%a% d%ffbré’ntfé?él@ﬁﬁtp%s S#!‘S'%f&ﬁHﬁﬁ&%d%ﬂi&ﬁh%ﬁ%?-ﬂl@. fsze and
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signal pairs in adjacent rows.

[0006] Because of the demand for smaller, lower weight communications equipment, it
is desirable that connectors be made smaller and lower in weight, while providing the same
performance characteristics. Shields and ground contacts take up valuable space within the
connector that could otherwise be used to provide additional signal contacts, and thus limit
contact density (and, therefore, connector size). Additionally, manufacturing and inserting such
shields and ground contacts substantially increase the overall costs associated with
manufacturing such connectors. For example, 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. Furthermore, ground contacts can take up a large percentage of the available
contacts in a connector, thus causing an increase in size and weight of the connector for a given

number of differential signal pairs,



SUMVARY OF THE | NVENTI ON [ 0008] The invention provides a high speed
connecto (y\% | ifferential signal pairs are arranged so as tolimt the
| evel of r“(,:r osg’ﬁi%d&?“ﬁ bet ween adj acent differential signaPCHY¥S?047Y

connect or" CYRTT| S Ghestotells abdd i fov iagi_%ﬁ{wéigﬂ,t Rgh-sPedd QlectMblcBnidefr apt act s
of each pair are separated by a gap. The gpap is formed over a distance such
t hat i medwces tha oteurenge df enossielle without thetngeé fortsaparpteshields or gyounsi epntactscansk act

pairs are.limted. . Thu shi el and/ or,.ground, contacts .are ot . need in
D b ottt § usissy o ngmieRefiB R el b Re R FRLREH albB o RS APCRER "
header id gadéd BHR impeeMBlcyntoltbdindepCaplded |cadfrand hései®dAGMVENA) that ragieitains a

| eadf rane assenbly may include an overnol ded hou3|ng and a_set of contacts

[ Y . A !
t hat existange betwseg hraadeide eeunlesigned pairs agh flrad sross-4alk babyyepn sigpalpairgaeaybed t o
mai nt ak.n . A f . optacts that forma pair along
respecm{ggggmoﬁ%%se%g Bf%‘éaggﬂf%éﬁ%f?%g%&éxtend t hrough the housing. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0010] The invention is further described in the

det ai | SUMBKRYOF THE INVENTIONs, by reference to the noted draw ngs by
way of non-limting illustrative enbodinents of the invention, in which

li ke reference nunerals represent simlar_ parts throughout the draw ngs, and
wher ei n: [ 04008 Fﬁggm‘@tl% groppsles @évéﬂ spes FRASFLPT Hihersin difterential signal pairs
arrang I 1 gal 4 11Qu: . LIRSS

ol k. oneprl £l R ey BPASH! Blihe el 4pR-SUBAA P T
connectaonnetctor ehrnpiises @qrivhatityi ofsignaticalitat paits, wherd thereodtactap€eahmpairges i n a
general ly-r, shaped geonetry, [Q013] FEIG 2B depicts equi potential regions
Wi t hi nS aa?dr@h@gmnfheogapslﬁ ed QS 2 disEneRIIch 3 dpsertiohdobsnssas 96493

PCT/ USPOQRLORE Diifraltdy & sighal Edrtact Baifleith Gilted_GRAL UiteRs ALY Rondabts W Ch
si gnal pai rlgalaﬁ&aré’andse I n rcoégl; {}0015&e qug 4 cfepsi ct s(fil rrezzarrllﬂlang-styl e
connec hotneadakintainyenibodanemr dance with an exanpl e enbodi nent of the
invention; [0016] FIGS. 5A-C depict a receptacle IMA pair in accordance
with an enbﬁﬂ)logf m[n one embodiment, the connector may be comprised of a header leadframe
assembly and a receptacle leadframe assembly. Each leadframe assembly may include an
overmolded housing and a set of contacts that extend through the housing. Each leadframe
assembly may be adapted to maintain the width of the gap between contacts that form a pair

along respective portions of the contacts that extend through the housing,.
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:

[001 1] FIGs. 1A and 1B depict exemplary prior art contact arrangements for electrical

connectors that use shields to block cross talk;

[0012] FIG. 2A is a schematic illustration of a prior art electrical connector in which

conductive and dielectric elements are arranged in a generally “T” shaped geometry;

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

ground contacts;



of the present invention; [0017] FIGS. 6A-C depict a header IM.A pair in

accor danggquj enbodi nent of the present invention; [0018] FIG 7
depicts a Pl\gg.& érﬁ%‘%d receptacle I MLA pair inoperative cé’ﬁ'&ﬂﬁzﬁdﬂoﬁiﬁé in

accor danc’e "fadih) AFIGNPeeitrs Blconductdiorin £t 1d WHRAsiRi paftiré 89dfk Il GS.

8A- B depi ct exenplary contact arrangenents for an electrical connector in
accord&@®e with an enbodi nent of the present invention. DETAILED DESCRI PTI ON
OF | LLUSTRATI VE EMBCODI MENTS [ 0020] The subject matter of the present

i nvention i ckibe I: %@E. Ol t ] | nts.
However , th@ogggcﬁég't?%éﬁh%t? &a érghﬁ%tyﬁic%?%ér%% & ???ﬂﬁ?&%ﬁ%ﬁ?i‘%@@% this
pat ent exdsgilb emhbodiheni ofthainventibilgve cont enpl ated that the cl ai med subj ect
matter m ght also be enbodied in other ways, to include different steps or

el ements siml ar t nes, descri bed j t hi s docunment,.jn copjunctjon
wichooter. HloaghFfs Sl senict s ervrpmosAMLA Rel Basertianes vish in SRBbIRRS 0gy
may be | : .0l ]l owi ng description for conveni ence only and shoul d not
be co(r)lgllﬁggf gﬁﬁtﬁ%lnlhrer%l’ti ng the invention in any way. For exanple, the terns
"top," "bottom" "left,"” "right," "upper,” and "l ower" designate directions
in the figuf0837} oFiBs. 6A-CalepickabeadesIMbddair ihiakeonflanse witheart embasdithiemtvodr dl y"
and "o tvvard‘[gy" %?Signate directions toward and away from respectively,

t he ge@‘ﬁé’f‘?sf’ IPERE8P of the referenced object. The terminol ogy includes the
words above specifically nentioned, derivatives thereof; and words of
simlar-inmppolig) [ PR2H ddpidts a Bbaded artl RBERARE IMLA AdiSin opet #ive @bmAinRagEls | Cal
connector in which conductive and dielectric elenents are arranged in a
gener ainl agcorianostwifesh erabediment ofdhe presens inveotiam sndr e enbodi ed in the
assignee's "I -BEAM technol ogy, and are described and clained in US.

Pat ent No. 1, 4] i o] ce rqlle lectric
Connect or, " ﬁt“%g] d#@ﬁ §§‘3]% élegﬁge eﬁ“&?ﬁ%ﬁ@%@“&%@%ﬁ%@? ea&héc(r%?%r%ﬁ%ﬁ

r ef er emcRcordandeSvitdn éribadimentiof e Bl BRRASSH. PCTI US2005/ 027777  Low
crosstal k and controll ed i npedance have been found to result fromthe use of

this eonetry. [0022] The originally contenplated |-shaped transm ssion
e oDBTAILED DESCHIPTION ARAL OIS TR TING EMEOBIMFNES, ve e enont can be

per pendi cul arly interposed between two

[0020] The subject matter of the present invention is described with specificity to meet
statutory requirements. However, the description itself is not intended to limit the scope of this
patent. Rather, the inventors have contemplated that the claimed subject matter might also be
embodied in other ways, to include different steps or elements similar to the ones described in
this document, in conjunction with other present or future technologies. Moreover, 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 terminolo gy includes the words

above specifically mentioned, derivatives thereof, and words of similar import.

[0021] FIG. 2A is a schematic illustration of an electrical connector in which
conductive and dielectric elements are arranged in a generally “I” shaped geometry. Such
connectors are embodied in the assignee’s “I-BEAM” technology, and are described and claimed
in U.S. Patent No. 5,741,144, entitled “Low Cross And Impedance Controlled Electric

Connector,” the disclosure of which is hereby incorporated herein by reference in its entirety.
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parallel dielectric and ground plane el enents. The description of this
transm sg@shobhRGogeoNet ry as |-shaped cones fromthe ' angenent
of the signal /cont act shown generally at nuneral 10 be%(%ﬁ%%%ﬁﬂxo

hor i zolb@l crébisehle@hd icontrsljedritipédanee Havicbdan Yound ta rebuetl trorh thecuse@isiant e  and
ground planes 13 and 15 symetrically placed at the top and bottom edges of
the coBeRMEBr. The sides 20 and 22 of the conductor are open to the air 24
having an air dielectric constant eo. In a connector application, the
conduct or Cephd) | gk U a9 SRS RARY I-Hp & WardBrissi dilin8dn et s biywiind O
face-to-fac@d TLe t hi cglnes c t/ gnd t2 g]f) t he Eisesl ectI#ic I ay r% 12 and 14,
to fir§FG.2AleAs shavwmthotmdibtivecdiemernt tcen be pérpendipdaidy oerpbsedrbetweearteni ssi on

the el BEllcuS Firihaheionad plage flegueit: ribeic8rerofon A L it ugeoiely ©' °
Ori gi nad 1-§%P6d bATREY Réh IRe {/&Hcatl%\nfaﬂhgaani‘gﬁ\?\gf ﬂig isQRaf datack E!%Wﬁ%élﬁraﬁfy‘@ needed to

mnimze interference beyond a uld be approximately uni'ty (as
i || ust nwhem] i hbétween tha)twolhoai2ehtalidielettiindayeB0l2 B, 14dmvirgsa diglecBR donstEt@.  2A

. o ] i : .
coui parubepimd ping & wills SPGnetet iniectyls tedop fid hénaR 558 aral feifler ou
t owar dgpt GReLRVARII SShécAitfhcBr atd opbh td tHRQISREhvi{}dn APHIEIRRW GALMnr, O

boundary B are very close to the ground potential. This neans that virtual
gr oundImsaicdnmeeter applisatic, theaesmdudtor ulchiiglude twa settions,Xdeand 28, thrhahu ud-to- | f

t | -sh I I i de-by- si i,rtual d
Sur f acENER v E P e THE (VR RBa(IAB0 Feoians Rieeeth iy in o ppd o i gutl™ "

| Nt er Midiioly il e eharhéteridRAtpREanck o HidSraniMissidA M8 and tHraf6 B el veralliHéidht i, and
dielectric thicknesses t1, t2 should be small conpared to the dielectric

wi dt h tecdielectnio aiidth i controlsitheclectridiand magaetiscfiald pencndfian énan adjaenbedntact.0024]

G he. hani . | nt . tical desi.gn, it

Found OREeAEFaREplatRated thatbr s BRion R G RS e SRR BUREE (bl ades beam
cont acinterfirétich befshddA ahe Biwéeld be RbslorpEAES uaRy (44 ifleMttadLinFIGERARt from the

preferred ratios and sonme mninmal interference mght exist between adjacent
signal contacts. However, designs using the above-described |- shaped

georet ry t el28b Hhe lnesoieP2.34 36 and Pk in RKh 26 #reeqeipateatiels of xpltagsdn thes.

pri nct B SeTEERLEARE RS ot B SRARTRAL o e P AL B0 S ARTboving can

be enpitoutidwanisdes bounidades Aownd BY itevillbelsuér thet bdth Bbinduip ASortbauliddre Baeen
adj acent sjgnal contacts. Such analysis first -5 WO 2006/ 020493
PCT/ USyaysloge torthg 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 ¢, ¢; should be small compared to the dielectric width w; or module pitch (i.e.,

distance between adjacent modules).

[0024] Given the mechanical constraints on a practical connector design, it was found
in actuality that the proportioning of the signal contact (blade/beam contact) width and dielectric
thicknesses could deviate somewhat from the preferred ratios and some minimal interference
might exist between adjacent signal contacts, However, designs using the above-described I-

shaped geometry tend to have lower cross talk than other conventional designs.

[0025] In accordance with an embodiment of the invention, the basic principles
described above were further analyzed and expanded upon and can be employed to determine

how to even further limit cross talk between adjacent signal contacts. Such analysis first

-5-



addresses the need to renove shields frombetween the contacts by

determ_ning an appropriate arrangenent and geonetry | and
ground WB%&%@F%“?QFI G 2B includes a contour plot of 3&F?§goe0§}ion t he

nei ghlauresses iefnean i@rehiove saridsiron aswden tHefoontaotsivyl desérgiiving pabppropriats- 1 n a
contact arrangepent of sjgnal contacts S and g nd contacts G according to
the | AVBPEEPISAL e o1 the sieatlans BFgd gontasts. Ef‘g-s%j% incliles a pgrigutRlat of
cont OWhyild i AR dbflve doliih ANAERMIQ Wedal PAFS+AS iABRofhOSESt
to +1 \E;%)ﬁkéteaﬁlﬁtléﬁeé%{b%é@r? 0 seravgvde %Oﬁlgrta%l%gfthough the %ngégge [ oels ngt

neces smangemenoof tignal eontacts Stand gropndeotitadisiG escordingto thegmedntipai As shdvat, ar e

R
di f f engRtd dbseRfto™15VdiNat his YA h ér%d%?ié%gléltﬁdﬁéhﬁ?é%lﬁa e 1B& AR mbASSrilyRS NI NG

S
on the negative-going quiet differen pai'r signal” contact. Consequently,
t he ndo sao entht feuigt!i differsatial siguial pdirsithattabeneaddst focthe active paiy et iatpefeteateveen t he

posi tive-. and pegat.i ve-goi ng.signals,.is .close to zero..[00261 Thys, as

S hown "It EuiepRIreif e grea  THabfh, e VolteSe AP IEEIRE A (e RSBRESE B ete  scal ed
and p‘&ffféré]ﬁﬂ?ﬂaif §isAdll 04RtabPis ABSutFROIIRS as&H&VolH%‘imﬁh@H & @Rhkgdtiveiggnal in a
first differentia signal pair produces a high field I n the gap between

t he caqniehdifferentiak painsignal leentetty ionsespientlys e roisd @wthgiquist paie) whieh tsgher ound
potential) field L (close o ground potential) near.an adjacent signal
ot ¢ Oeineq daiape YEPORE hEpRiBNT fadiedtit2uhe IR SRISERD. Can be
limted to acceptable Ilevels for the particular application. In such

connect or s{0026F TRYE|as@howh ASBIA. 2B tRAIMAELEoREHAS @AY grétindRBhta69 @ @&lbe can be
limted to the point that the need for (and cost of) shields between

adj acéealed andmosidiosed elativgde ene anrofhersyenthpin diffgrentigbsignal i g iirsidiffesentiaht egri ty

applicatijions. 0271, Thr further, anal ysis qf .t hove-descri bed

e e R aroepe A pleh i P it R nePon B et M ORI KBRS a1

| S NOtovAf. <G lcldsk &@ broafid ipbtehtisl) fieRee (B2she td Erouad polehfialy@edt anfjHdentlsipahl a nunber
of factors can affect the |evel of cross tal k between adjacent signal

cont aptis. Comsguaniynpross tajk betweerhadisrenitigng! cortacty pan ke bimited tx apceptable he

di st apce t n.t br qadsi de: d_con s.that f differenti al

Gl onaliBisitet F Rhsic I BRARARRE! S Borkta o8 BB ket of Blost R bRufer dHoER

di st apiggallcehieeat belibiiteads! Wit €k el Farqlasd B&Y oDeshiti@bdiwediBidfdcaitn an

appropriate differential inpedance Zo so as to reduce cross tal k between
ngx.gh

si gnaFogsaaty is ungegsssagy, evemi spsednhigh sigapkiptegribr applisafiansbl e f or

nmezzani ne-styl e connectors, and such a connector will be discussed below in
connect i onyiM . [ | | e
I nvention dghtrd;t ﬂ'ﬁﬁ@ g@%ﬁ% aﬁglﬁgﬁﬁﬁlg a%%%gﬁgécsf gﬁ%‘fpg{nag&?ﬁ%ﬁgléhgﬁ%r%@ed in a
var i efoundfthat civnadtyaatio aphdipghtead mddth.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.

For example, it has been found that one such factor is the distance between the broadside-
coupled contacts that form a differential signal pair. In an embodiment, therefore, the careful
control of the distance between the broadside-coupled contacts may be used to maintain an
appropriate differential impedance Z so as to reduce cross talk between signal pairs. Such a
configuration is particularly suitable for mezzanine-style connectors, and such a connector will
be discﬁssed below in connection with FIGs. 5A-8. However, it will be appreciated that the
invention is not limited to mezzanine connectors, and may be employed in a variety of connector

applications.

[0028] FIG. 3 depicts a conductor arrangement in which signal pairs and ground
contacts are arranged in rows. The conductor arrangement of FIG. 3 is shown for purposes of

comparison, as the arrangement does not depict the “split IMLA” configuration to be discussed
-6-



[00281 FIG 3 depicts a conductor arrangenent in which signal pairs and

gr ound re arranged in rows. The conductor ar t of FIG 3
i's shom%ﬂﬂ%ﬁzﬁjﬁ%ses of conparison, as the arrangemré&é}ggzgsﬂﬁﬂuepi ct the
"Split peldyn doRREdiBHNATH Pitys 9-8RE AU SREIG: $ Mk ZRP61 394 86mpri

ran UsSER Y EUECERITLA PR R 80 AL SEURSEIIC: 2 ok AR DA Bhmpricess, | 1

3, eacrepeating@deiuice of dwpigramd cantaeisead i mifferentisd nigealgfairt, \iRow BdLrfdr emntpdst s

' om | GPEPES Fgiter Fofp o BUbeH OO ety P BImmal By Ra SIS s 14,
S i-, a3 PRUEE CuMEcts ENIRGH 3153 foReimble cofrPFisés: BIBHEs fr6ATBR kBght, 4 N Or der

fromleft toright, a differential signal Cgalr 52+, S2-, two ground

cont ac iffezentioh sigaaldiairr$3-e S2+, 4o graymdicopiapts Gs3nd a differentia) sighal raitbSi, §8nt
h Lh,Fl G it b .th th | f t b d
o 5 b eS8 A ROAAED 0 B o

gr ound a6 aiRkA edcidedTBN e/ BséRblidsQCRVCA 9 SsucBlak IVRIAWEIEB. FHE gfRiAl contadts!
pairs. However, the ground contacts take up_ valuable space within the

connec meay.seis te hlpcksrass salk betweer adjeerntsignalaaisan Howepercthezrpend ¢angdctsdake o
only nine differential. signal pairg for_an arsan nt of 36 .c ts
bocaus BB SitRe Sh R Biin BeRRnadSt, T As o e et AREAE b o R RG S s
whet henipdikd t6 ofyHinddiffefenfibiesi@ial pRigCHr ki hargyent 6f IPElH s bécaue!oFdlle OF
colums (edge coupled), each difterential signal pair has a differenti al

i npedapaserE of e grewiRd €9BagtHsi ti ve and negative conductors of the
differential signal pair. Differential inpedance is defined as the

| npedance eXddylgh N ' ' enti al

i gnal pai r 1020 2RsENBEDebane! B8 Hena it urlnghd By s (RAARETT

si gnal cpaled) oAsolusns\(edgde donpled), eadh differbatialrsidlabpdiohasandiffetentibeingeliieept i al
| npedance Zo to match the i npedance of the. electrjcal device(s). to which
the coRfeenthepostiysd negativegeadiiciys phide diffsrential siganl nap doidiseatizo to the

I npedac i ' L | el or system
 coonanigedipef e b Bl th Pl Bt in T B imal kil oo BBEE 11 °

desi r aldiféerémiat sighal @lair] iten whrtidudargvintalongithekdgthad tREiffeedntinhsipnal pair.S As is
substantially constant, al ong the | er}gt h.of the differentjal signal pair,
i.e., Sedknowa: it isdesirahle feraiol the dif @ﬁ&@alwp?dﬁa%zatosl%@@hﬁ impedance ghthiest ent
differ ' \ : PrRL ' ] ' s 1R t ween
the cosegial dHREMIR Anichi, Lorfieatb R, ShRkRAr Mitcline Bl Affer iifl Bkl 25 e
S 1+ amth8impedahos ofapetpdiripal daviced edirinivesesignakbreflepiataancidordAgstomt resmance that

can limit overall system bandwidth. Furthermore, it is desirable to control the differential

impedance Zj such that it is substantially constant along the length of the differential signal pair,
i.e., such that each differential signal pair has a substantially consistent differential impedance
profile. The distance d of an air dielectric between the contacts that form a differential signal
pair (such as signal contacts S1+ and S1-, for example) can determine the impedance Z; between

each of the contacts.

[0030] As noted above, the differential impedance profile can be controlled by the
positioning of the signal and ground contacts. Specifically, differential impedance Zj can be
determined by the proximity of an edge of a signal contact to an adjacent ground and by the gap
distance d between edges of signal contacts within a differential signal pair. However, and
significantly, if a proper geometry of broadside-coupled differential signal pairs is attained by
precisely maintaining the distance between the contacts of the signal pair, the cross talk between
multiple differential signal pairs can be reduced to the point that ground contacts are

unnecessary. In other words, the signal quality that resulis from precisely maintaining an
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each of the contacts. [0030] As noted above, the differential inpedance
profile g¢an he controlled by the positioning of the signal and ground
cont act sV AP Ba1 1y, differential inpedance ZO can bECTHRRYAWEd by the

proxi m_tye ofs edne-af- a-~gi qnal: ( . a0 r by the
Gap areyieR e BaRE e b BRSO R R ik Al SN B O BB Y
si gnal agditionalHmpesrementincsigrsal guality dentday beighinad py dipepregsmoaef pyouad contacts
broadsi de-coupled differential signal] pairs is attained b reci sely.

mai nt aieﬁﬁﬁg}ffﬁﬁé‘a@if@f f&‘ﬁ@@n‘l&f‘éft%éﬁte?%; PEHEHONS %?Ott"ﬁﬁtq’sf?'ﬁ ﬁé?n‘gﬂ YCree$tecr oss
tal k b‘%Eé’%gH/orWé?hith'&e%ﬂﬁé%'i&”“a' signal pairs can be reduced to the point
that ground contacts are unnecessary. In other words, the signal quality

that results fromprecisely maintaining an 7 WO 2006/ 020493
PCT/ US2005/ §0031]17 Tcempintein aecteptatilestitfemcetidl etnpedance Zp eotttial dorcuglp baniivddiynal

irs is high h.t d . addi t,i onal i _in.signal it
Ehat - mSySHES, LI JEsitah)e OrronspLbe sas distngs @ B oEs APRATIS 10 Withinet fon HOVdti £ or
the conpggimh GdpBBESH RPehd & adv %uséoﬂgt%i%i&‘aﬂﬁl{&lhnﬁ‘@au@é Lendamhplencrease in

si ze and/ or weight of the Connector. To mai nt'ai n acceptabl e
di f f er oatiatidn inthebepedenceproble; howeventhé\aegpisblediatiation isglgperslent on theispeed

desirabl e t.o.control the di stance d tween contacts to within few

{ hous GRS G ereh e pstep . Gk B e iRty VR Dl g SEhat gyl T
ey CaudfchildGeARL @RkBteny #ith h leBibollitndnP 6f thEPLABMGARVAHBh! WPhen BOIR ¥&itactd b
acceptabl e variation is dependent on the spéed desired, the error rate

accept algien signl painare fomrédjwithindhosane BMLAbE gistange dris ddfisultietoaniintaimot
whi ch i,s .equal consi st.ent . w t.h,an. enbaqdi nt .of the present.J nvention.
Wen bR SRR pE e RiR b R BRinE g bRkl s SO BheiRAM e BNE T

the di sy célzjs difficulty to maintain at the levels of precision desired
for establishing and maintaining a near-constant differential inpedance Zo.
[0032] According to an enbodi ment of the invention, a "split" |MA

configurati 49032 Ascetdiemte anferhodiment ovthe ingentionoa [‘wiigt AL Aconbgwition ifal ves,

each h .cOf i . | .

oot o P FEGP IR 1M A Ralord RAPRRHCDUERD AR L, RAUHR clrtesbbidindoa | o
of as ir@Eadtivrea;bﬁtabtrbomxﬁﬂ.cmﬁllQi‘e a@prbiapedrih e disdustibe tae fsllowsahe: ths plasiak y
(e.g., the header or receptacle portions of the | MA) enabl es greater

pr eci siPANG ¢pntast A aFignMPainiB agegsss of echperion obdhalsath Temaratembly g dheesul t
the di 4Le{.00} fe@éptﬁéf@ ﬁs‘ﬁi%ﬁ? offhe cﬁ@ﬂABet:nﬁﬁ)l@g él%hﬂe? greéﬁioqlsintrgaintainMg the gap

distance d between contacts. As a result, the differential impedance Z; can be controlled so as to

minimize cross-talk between signal pairs to such an extent as necessary to enable removal of the

ground contacts.

[0033] Referring now to FIG. 4, a mezzanine-style connector assembly in accordance
with one embodiment of the invention is depicted. It will be appreciated that a mezzanine
connector is a high-density stacking connector used for parallel connection of printed circuit
boards and the like. Such a mezzanine connector can be used to relocate, for example, high pin
count devices onto mezzanine or module cards to simplify board routing without compromising
system performance. The mezzanine connector assembly 400 illustrated in FIG. 4 coniprises a
receptacle 410 having receptacle grounds 411 arranged around the outside of the receptacle 410,
and a header 420 having header grounds 421 arranged around the outside of the header 420. The
header 420 also contains header IMLAs (not individually labeled in FIG. 4 for clarity) and the
receptacle 410 contains receptacle IMLAs (also not individually labeled in FIG. 4 for clarity). It
will be appreciated that the receptacle 410 and header 420 can be mated to operatively connect
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m nimze cross-tal k between signal pairs to such an extent as necessary to
enabl e r §p®Yels090s0s N€ ground contacts. [0033] Referri ng J 4, a
| U g

nmezzani ne-styl e connector assenbly in accordance wth t of the
i nvent itaerdcEpttiéipbed Behder IVIVAL) "THSilleddswy teecdppterihtédihbit, acdRaiag b bee erBGHIREHIOr | S
a high-densjty stacking connector_used for parallel cqnnection of printed

ci r cui tof thggavensionnthegrainds jshowisine Kl Gy 4nay A thecondy Arvady in the fomecivsed t o

rel ocate, for exanple, high pin count devices onto nmezzani ne or nodul e
cards to si A1y | RO W | : ce.
The mezzant HE b eraed S04V, Bintlhine b EOLEN TR ) OBt bLdRe

r ecept aolipled tanthety ihag forecepia phies cancadubs cdds talk betwped senalpedrst fieamut si de of

o ound SHROBRERG oh Biedr S B CI a8 CoMAL I HEmR S IO G cheb A Hel Rt
| MLAs  (iatA (81 Moebtadit Ynd BRRELEMT RsfoGhaifttaliPPreGhdfdacitls RRFedt@ntabRERL C! €
g I | MLAs a{“ I

410 contain eceptacl e so not I ndividually I'abeled in FIG 4 for
cl ari t ydifferential wignh! feér thpmighoutat eednediat t he receptacl e 410 and header 420 can
be mated to operatively connect -8 WD 2006/ 020493 PCT/ US2005/02 7 77 7 the

receptacl e ‘he Lt willeg]h@gﬁbe.a preciated.that, .according to
one. anbodt malli3sl o e Kty depisicreSims  GNBATE SR Bop v ahor P 3 emiiiint o
only gropgdsvédionh %&&Hﬁ%ﬁm to FIO G ]a st reedpRst1 SIMV.A, 5 10RoRipHsed 40 car ef ul
control of the distance between broadsi de- Coupled contacts that form signal

pai rs casrmadedhousingsd 1tantlla sedeswfanceptagtesdontagtsr 30, and asecondinsdptaeladMaiA t he

i tinn, h di st trol i nt ai b ' ‘split" half of
an 1 MEAD pat gl BRRAAE Monehe s A ieed Srseohudthe ST 210 K e ng
bet weenre&GOMEAG! SAOthedeceptaclctdotitctsd 309k dRBbssBlinto tHRMIUSINGHbS RcERMIERDAS
[0035] FIGs. S5A-C depict a rec;gt acle IMLA pair in accordance with an

enmbodi hdAtand Bf520hdt wHl bsapnueciatie that fabrigatianrtsehnigues permib fhe racespesdn eadhicept acl e

| MLA 510 .c0Q | S 0 | ded -housi n 11 ,and _a ries pf rec acl e
cont ac#0ERgH e HTLATIOTHES FRETfed WV imiinety < 43 Rsfis Bl Gb FPealB Bt
housi n@aéiYdigil domtasi@ah B nHinteiDee HirsedROUES Bérietir Bablicattd it ddtoRRBncé®RAahn FI G
5A, the receptacle contacts 530 are recessed into the housings of receptacle

| MLAs egibodinant pf epresent igventione appreci ated that fabrication techni ques
permt the recesses in each portion of the IMA 510, 520 to be sized very

preci sel y. e f . digt sl | ac n be
mai nt ai ned ﬁﬁo?'o ghou "nggl?‘) g’ntﬁ ?ggbéﬁ’fag‘geﬁiggegggé | ggg%g'%ﬁggﬁé%ﬁ\%e?%?%# Kontaf

530 in receptacle IMLA 510 is shown. As can be seen in FIG. 5B, the housing 511 of receptacle

IMLA 510 is recessed so the contact 530 sits within the housing such that the distance from the

outside broad side of the contact 530 to the outside edge of the housing 511 is ¥d. The total

b=t

distance d extends from the outside broad side of the contact 530 to the outside broad side of a
contact 530 of receptacle IMLA 520 (not shown in FIG. 5B for clarity), with which IMLA 510
will be operatively coupled. It will readily be appreciated that the distance provided by either
IMLA 510 or IMLA 520 can be any fraction of d, so long as the total distance d is formed when
IMLA 510 and IMLA 520 are operatively coupled.

[0037] FIG. 5C shows a detailed view of receptacle IMLA 510 operatively coupled to
receptacle IMLA 520. It will be appreciated that in an embodiment any manner of operatively
coupling receptacle IMLAs 510 and B 520 may be used. Thus, in an interference fit, fasteners

and the like may be used alone or in any combination to affect such coupling.

[0038] InFIG. 5C, it can be seen that the housing 511 of receptacle IMLA 510 abuts
the housing 521 of receptacle IMLA 520. Contacts 530 sit within respective recesses in the
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enbodi nent of the present invention. [0036] Turning nowto FIG 5B, a

det ai | ed w4 e such recessed receptacl e contact |0 receptacle
| MLA 510‘?/2%%@\%\%%% can be seen in FIG 5B, the housi Eggg)fiooyfmﬂ%cept acl e

| MLA 5 1Kbuisknigh §¢ e &k 5 0r I b appiacitcd 3eht pératively Bbiiplinpehé evehidideauphiisihfiat
the distance fromthe outside broad side of the contact 530 to the outside

edge of Jklndrgd o shown in FEG.04E plaees arbsead sidejpfssagh sentaet,d381(de » thedroadisidedhatsi de

eoopt asitEeifs ok Bpff Biact 330} £ o i RULERGIE o ARSI 0B BE: B0, BRAREPY, 58, O
W | | beemipsaiimtnty the)distanoel&id abletto be Maintsiaed tya high dsvel efpratisidn bbédusé bfthe

di stance provided by _either |IMA 510 or I M.A. 520 can be any fraction of d,
so | onglogstolerancespossibls with qvemnqlded: houging faication, ps Avellias crtach fgpmcation. ar e

operati : . ' f > | MLA
5?0 ope?%a?i%eg@gmég%ﬁ (Lalg)%%@epr%@e%?%gi el NP_'% % .bllf)?govhﬁ?@g 15eg’ Sfﬁﬁﬁ%@%"g? ecgnt hat
in an ebdndintadudd veithyin e ey lof acqeptablel vasibtionsdhatpre nepdeéd ¢eptaaddin ah MLAs 510

and B 520 nmay b sed. Thug, in an interference fit, fasteners and the like
may be %Pé’é‘%?néf%‘ﬁggﬁptlf‘lrf“&?aa@&%@i nation to affect such coupling. [0038] In
FIG 5C, it can be seen that the housing 511 of receptacle |IMA 510 abuts

the housing @839]01‘ It Rﬁﬁ%@tagg%eeiatéﬁttﬁa@%om aRVaRfbs oF B iR éntiin! HeiERPGCE | Ve
recesses in the -9 W 2006/ 020493 PCTI US2005/ 027777 housi hgs 511 and

gi 11 ' dmg}é ?ﬁ bﬁdgﬁﬂ:yem: at ﬁiflﬁbtr’g:tasdfmu&sbd abdvie. g&m_p,ljthqg;eigm oﬁﬂwrrc?lﬂﬁigjahgusi ngs
an as n acC apr Sl de, o0 acn. cont qc

G e By aEmaIcaahe Fereptasie ML MBS0 ahd SOF i gt e DR Rira Bt A1

i 5t aNCeghd sRdAEs ARDARIG AIBRly ol I 48 o ADRALIRIin bih Ui St anced

is able to be maintalined at a high |l'evel of precision because of the |[|ow

t ol er anevesmpldsd howsing\h 11y 531 enahd¢sdbel inpadsicegZbetw éendhé contacis thabformaignabnt act
fabricati.on. , B t he di d |y d t h ,
i gl y-BASQn SR, oSt R B S Rl pesh 1o B cREPMER RIS (hi n the very

| ow acceptabl e variations that are needed to maintain an appropriate

di fferenti al[ppgpedBessdthe %Q@&Eﬂﬁéne@dﬁﬂfﬁ&ﬁia@ﬂﬂ%&ﬁh@é_ 26(anb Merefort @ss
enbodi nent of the invention, the distanced may be bridged by an air

di el ecttalkdetweai signab paits) abeansrollg by maittieiningiaghecies distance @dtiwill bryappeesiatett or
i el e R is Mcouoka MR mery B M A B 5 e o
t he recpesisdMiktahdt £B&tWeen signal pairs. Therefore, and turning now to FIGs. 6A:C, a header
IMLA pair in accordance with an embodiment of the present invention is depicted. Referring
first to FIG. 6A, header IMLA 610 comprises an overmolded housing 611 and a series of header
contacts 630, and header IMLA 520 comprises an overmolded housing 621 and a series of
header contacts 630. As can be seen in FIG. 6A, the header contacts 630 are recessed into the
housings of header IMLAs 610 and B 620.

[0041] Turning now to FIG. 6B, a detailed view of one such recessed header contact
630 in header IMLA 610 is shown. As can be seen in FIG. 6B, the housing 611 of IMLA 610 is
recessed so the contact 630 sits within the housing such that the distance from the inside broad
side of the contact 630 to the inside edge of the housing 611 (i.e., the side of the housing 611 that
will abut the housing 621 of header IMLA 620 — not shown in FIG. 6B for clarity) is % the total
distance d from the inside broad side of the contact 530 to the inside broad side of a contact 630
of IMLA 520. Again, it will readily be appreciated that the distance provided by either IMLA
610 or IMLA 620 can be any fraction of d, so long as the distance d is formed when IMLA 610
and IMLA 620 are operatively coupled.
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over nol ded housi ng 511, 521 enabl es the inpedance Zobetween the contacts

t hat for%é?&)@ﬁﬁow?ai rs (and, consequently, cross-talk pe%&gg@ﬁlﬁ# | pairs)

to be closely controlled. [0040] Because the above-nention enti al
i mpedance "’ Zg{0pda)d" ¥ITE 6T sioystr desidled tvisvk o tlasad@EMISA G @loppatively cosple@tt r ol | ed

by maintaining a Ereci se distance d, it will be appreciated that a header
| MLA t Héﬁad‘irél\’ﬁef\é 0.cBuyillche approsiatedcthaiin an empreimenh sy manne of onerativaly y

mai nt ai : ' ' Lgn L E ni ng
o 1 o RrlinhGRLCRIEAS 60 efis B ARIUERE e8] ThuPSh ier ERMFAC B el "

t he pr elderhay bergset iaboneios il eqy cinslsinatieafte mffectguch covplingpartd By sGéh chuphidgr | MLA
610 conprises an qver Idged housi % 611 and a series of E}eade cont act.s
630, and®h & shePmpliehedepy & S3FBF paditieseng {uged I eRFEH R 6 oLPi e Fecepipsles of

header %@Aﬁ&i%téﬁggtp%bo%iﬁ@&ﬂ?ﬁ 3 FT?E'S@-CGA, the header contacts 630 are

recessed I nto ousi ngs o ader TM_As 610 and B 620. [0041] Turning
now to FIG 6B, a detailed view of one such recessed header contact 630 in
header | M_A [0043]i sSinsdHiGwC, Asan he séen tha dire housiag@1 168 header IMduss b HyatBitsithef | MLA

610 i d th t 0O sits.within t.h [ h t th
i ot ancwvenenet EBeadsr BTG Wit tivaretestisdn boRsiris e AL Ak dge
of the Qaueis®300idwill be?ag&n&ééé%g&ﬂﬁ?oﬁ&atﬁ)&ﬁl J&flﬁﬁé‘%&%%s%ﬁﬁéll Md 6218R%howme

housi ng 621 of header y - not shown in or clarity) is Va the
total diFGasCptices oraspentive bedadsiderafzdctstaniach 63Q Gee.,dbebroed skiedhatds fabimgi nsi de

broad sjde of.a cont 630 .. of | 520. Again, it wilhl freadily.be .
by oc it SRk oel SR ditendinan tgraPahEsoritia R0 ThESHe ieRknido can
be any jiREdrce, 8 ddcusséd ARE iRSornREtidH WitRFIGS infiy be tomblisnee BedaibeoGl9 and
| MLA 620 are operatively coupled. -10 WD 2006/ 020493 PCT/ U52005/ 027777

" " 1004 Aistrice d maigtasted ietweaicthe cordacty 6300 idfeaderdiyHrAs 01 ragh 620 dewil alseby

led to h M.A 620.. 1t will b i ated that. i di ment |
manner BPRSHERLETbE gloraersiont b FIFRD /s IRE e R aisgefy SR elh .
Thus, appuking 1 {8928 Naewbll bs tHeaoh@bEsi%, aibldsifferbhtia iﬁﬁh’dﬁ@e oS al @bRNIkas i n
any conbination to affect such coupling, and any such coupling may be

acconplbesiesglyispnirnliedame or a different method .used to operatively couple
the receptacle |MAs discussed above in connection with FIGs. 5A-C. [0043]

In FIG 6C, an.be. see he i feadet. ;L MLA. 610 abuts the
housi ng 621 [9¢4‘ﬂe2]&g§“‘%|\lhf’§:’ %’%b %%%%ﬁ%%@%&%’#&ge r ec%&’gérsmioﬁé% {h housi ngs
611 ancofddurii¢afions in accordance with an embodiment of the present invention is depicted. In FIG.
7, it can be seen that header IMLAs 610 and B 620 are operatively coupled to form a single and
complete header IMLA. Likewise, receptacle IMLAs 510 and B 520 are operatively coupled to

form a single and complete receptacle IMLA. While FIG. 7 illustrates an interference fit
between the contacts 630 of the receptacle IMLA and the contacts of the header IMLA, it will be
appreciated that any method of causing electrical contact, and/or for operatively coupling the
header IMLA to the receptacle IMLA, is equally consistent with an embodiment of the present

invention.

[0045] As can be seen in FIG. 7, the contacts of the receptacle IMLLA may be flared to
accept the contacts of the header IMLA. As aresult, the precise maintenance of the distance d
between contacts within both the receptacle IMLA and the header IMLA enables the differential
impedance Zj to be carefully controlled through the connector. This, in turn, minimizes cross

talk between signal pairs, even in the absence of ground contacts.

[0046] Turning now to FIG. 8A, a conductor arrangement is depicted in which signal

pairs are arranged in rows. As can be seen in FIG. 8A, each row 811-816 comprises a plurality
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contacts 630. It will be appreciated that operatively coupling the housings
611 and g,g% /0%319 in FIG 6C places a respective broad side of each

cont act ‘?0% the broad side that is facing the oBﬁS@%Sﬁ‘a’S%W act 630)
at a di §ﬂ<ﬁﬂ5@nﬁalf8‘igﬁm HAIES. RO EIWIS 1 L edthiides, 68 Grdef fitétn leHl@ rfEhf flre6 Qitteéntial

| npedance Zo as di scussed above in connection with FIG may be established

becaus esigfal paiss: Sditand dde P anid¥2ai and SBaandsSn Each %@mm 20V 80the ex¢eplanr

| MLAs 6 t b ) h t nt i oned

bbi 11ty el et acohtaflsfie BirdRL HeBl T "Bl ok M BRRETRENLPAC 1,
621, asFIM&I8A, aﬁdwﬁas?mefcaﬁwﬁh FIG. Riadah®s seum‘th@trtﬁabblainﬂsrmedlﬂaa@czweand
cross-tal k to be closely controlled. [0044] Turnllgg now to FIG 7, a header

and r ec%ffﬁnﬂéql as IMLAssaich a5 IMBderlad-i ncadditiomneash dMLi A Ras twp leagthiisshalvening an
nbodi
oo e Sl S SRR EHLSHE0. UM el B oo

conpl et @bolve atlesnnbdtioh with FE® 3 @0 gretdrboatabis ai‘é\dh.e%ﬂediﬂlébaas’eithB cba® t#lk Between

operatively coupled to forma single and conpl ete receptacl e |MA Wile

Pl G 7 318t Sgab paismay be FRBAEALDY the ProRer sestionl tesidisrantiabigmedince Ko
recept I ppreci at ed
t hat aﬁ@l‘lﬁg %s@;%‘? 96%%& %g{y%@glf(?élg g%%tg gtgét%én El%l(ﬁt c°h¥a8¥¥l jﬁlélrgg |a§el y

coupl i ngnbditmeiteddies invédtidn and eshoendnFEG! 8A,|the éonniestoe giaglbeydeeoidwif gtoand Wi t h
an enbodi ment of the present invention. [0045] As can be seen in FIG 7,

t he confOB&E- of the receptacle | MA maybe flared to accept the contacts of
the header IMLA. As a result, the precise maintenance of the distance d

pet ween_ cont @gkn VAL BilbOSkh, hbfResr (’cﬁé’EﬂB{;cﬁ]rreM-ﬁxoWntﬁi‘G BRAAGYiadMgh enabl es
the differentia | npedance Zo to e care controlled tHroug

connect differefifialsjgriahpaics for amamangeneat cﬁ3fsrsmtatctsL Wwhindtisve srgnsﬁ@naimmave:mnt even

in the absence of..gro contacts 0046 w to , a
conduct%‘ferﬁﬂreﬁgﬁlfg%ﬁ%wﬁ i PR thh Aarecret] dpmigted Shavedn NG 3, Phsoag 1 o
rows. toth& inPenihy mﬁgls@hgw ﬁﬁl]snﬁl%l@ ivGEfungbpbpral ity -11
WO 2006/ 020493 PCT/ 2005/ 027777 of differential signal pairs. First
row811l d1ﬂimnt1d@sgnal paits; dehavieraogredterf contentratigh of differendiatisighal ipairs faxla giwdngnal
pairs: Sl. + an Sl : ?{Zh and S2-, and S3+ and S3-. Each additional rowin the
exenpl Vet CHONRPETSBA contains three differential signal pairs.

I n the enbodi rrent shown in FIG 8A, and as was the case with FIG 3, it can

be seen thatobhg CRWHINBE aPpre6iaftidaRitaneAiboBEnent of the present invention encompasses

any number of conductor arrangements. For example, the conductor arrangement depicted in

FIG. 8B shows that adjacent columns of broadside-coupled pairs may be offset from each other.
The conductor arrangement, like the arrangement of FIG. 8 A, above, has 36 contacts in 18 signal
pairs that are equally divided between IMLAs 1-3 in rows 811-816. It can be seen that IMLAs
1-3 are in the aforementioned split configuration, where each IMLA has a lengthwise half
denoted as A and B. In addition, and as noted above, each contact in a given signal pair is
separated by a precisely-maintained distance d, which enables the differential impedance Zj to be

carefully controlled through the connector.

[0049] TUnlike the connector of FIG. 8 A, however, the pairs disposed along IMLA 2 are
offset from the pairs disposed along IMLAs 1 and 3 by an offset distance 0. For comparison, it
can be seen that in FIG. 8A, the IMLAs 1-3 are arranged such that the conductor pairs that
comprise each row 811-816 are in alignment. It will be appreciated that the magnitude of the
offset distance o in FIG. 8B may be determined by any number and type of considerations, such
as for example the intended application of the connector or the like. In addition, it will be

appreciated that any or all of the IMLAs present in a given connector may be offset from any
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arranged as | MLAs, such as IM,As 1-3. In addition, each I MA has two

| engt hwi s@ohadeyBiosN @ split configuration, A and B, dt

each col um. UX)?&ke t he arrangenent di scussed above |ngg:&ﬁ[%§§({5ﬁgﬁ9€mth FI G
3, no goenMTAnyidkih $hééambasabrabesiyes distahee 61 Bssuch@htboBRhMES the GEepCent

si gnal pa| rs maybe mnimzed by the proper selection of the di fferential

i npedangitanee o beteen gny ba IMILAsiyayhe the same eTdifeest Semdhe ot disenseoneen

si gnal gank Q“ﬁi Al t of the invention, and as shown in
FI G 8AB thgr?c n%%;ct orL‘brgybe %@\gtg? ground contacts. [0047] As can be
seen, therefore, the enbodi nent shown in FIG 8A provides 18 differenti al

Si gnal pai r s[(050] ait willznfyetirerdppodciadél thattheoffset didtarwe of andahs digtante £ any be

i npr ovenent ove t he |ne ferential the ar r angenent
bt ot othL a8y nidke & desrso gt mpaiie 45 ShBBioa I o
maybe | ghbehiefddl sl a8ferbMial ﬁng‘%dégﬁ?er i ciSdly n%ﬁt%ﬁﬁx?g‘ﬂﬂe%hstéicg RalonRai r'S,

or have a“greater concentration t1 al S|gnal pairs for a given
wei ght  aiihel mnbcthentsfmatyfwhmun adesicaddifffrooddlimpedanice ¥y by mappeiadigtbedistanet an

enbodi nent of . the ent. |nvent|on sses any nunber of conductor
ar r angefrEhtQnbipgoneWih S¢tHng PRe.or Iy 58?£§t??%?ﬁ§errent depicted in FIG 8B

shows t hat adj acent coI umms of broadsi de-coupled pairs may be offset from

each ot her. [0 J08¢] C ALY GLREhEd ﬁlﬁf‘ﬂ%féﬁf‘for slblitwmenﬁédaﬁeawﬁfm hf bdehG  8A,
above, has 36 contacts in 18 signal pairs that are equally divided between

| MLAs 1diBcloseds dtiis t@ be ugdsstod thabthelferegeing illustmtivevkmbodimestsdaze beentprevided

af orenment i nd lit configur where each .| MLA has, a .l engt hwi.se hal f
denot edmﬁ’é ?%ﬁe" BIPose Ogj(f&gtéf‘?a)twn W prem ﬂ?o‘P’%%aP&o‘iPé‘Stﬂé%@c% IHIE'JW'%{ }M[q ®n a given
si gnal RREAtdES W'éRié%ﬂﬁ&l?Ha@be@n RSN HeP&th ¥reWbrds 8F B8Lriplist ANTEIuStratitl father
enables the differential inpedance Zo to be carefully control]|ed through

t he conthenwmords §iloungitionn Fukider, Rbhanghrieeinyention as Beersdeschibsdherein Withe pairs

dlsposed alon are offs the irs Rose alon and
3 by anteGitpaiaio grEiafe Hripto s Etinlyaniloh AropEricRis, AR LEHRE iR PGP oA

the | Mgslidkitdd ﬁfﬁe%ﬁftﬁﬁﬁ@éjd@él%bdtﬁé?éintR@th@IOﬂféLiﬁ{réiﬂloﬁ%kfeﬁdé {fw&u fuseiigHalls e each
row 811-816 are inalignnent. It wll be appreC|ated that the magnitude of

the of équévaletitstracturssomethods @d ltses,nsuc;h ssereiwithimthn eepnsyo Ay anpendask claing. t ype

f h | f
onnacr Shoss ARl (R e R peRAT R s fepchib IS R BRR AR wal g o ar)
of the hithéduPmOaRTthtions tBerdto/Aid changEs a3 beThidedRititdut departin® Fodithe scolaa and

spirit of the invention in its aspects.
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WD 2006/ 020493 PCT/ US2005/ 027777 other I M.A within the connector by any

of fset distance o. In such enbodinents, the offset distance o between any
two | M!As may be the sane as or different fromthe offset distance o

bet meen any other IMLAs within the connector. [0050] It will be further
appreci ated that the offset distance o and the di stanced maybe set so as to
achieve a desired differential inpedance Zo. Therefore, while sone

enbodi ments .may. achi eve a desired differential inpedance Zo by precisely
mai nt ai ni WHAtihe2iMedt ance d al one, other enbodinents may achi eve a desired
differential inpedance Zo by maintaining the distance din conbination with
setting one or nore offset distances o. [00511 Thus, a method and system for
split I MA i ndedarstricahtanobctoraenipeising: di scl osed. It is to be understood

t hat the foregqi il.lustrat.i ve enbodi nent ave bee rovi ded .. nerely for
he pur pose. o iR dpadtaR of iy Rl £ AT Es R SpRRED eBbPtheieng, ri 1 ! ng ot
the i nvahdretroughands whi ch have been used herein are words of description

and illustration, rather than words of limtation, Further, although the
i nvention has aseemddesdéamsdqusiag baving postion af wsesprdeledricpd contadt| ar structure,

mat eri al s, Qﬂlﬁhé%qyﬁi nts, the invention is not intended to be limted
to the paﬁgﬁcu ars |sg€§sed herein. Rather, the invention extends to al

functional |y vdguhivthiesatondtleadftaome doysimeis isgesedradjanse o thedirst lesiframe Wi t hi n

t he scope of. the ended cl ai ns. hose, skilled in.the art avi.ng the
bonet 1 gPotine IR ERGE 6 i Eeabtive hafbrsstvragiaprothe ereiftEl ovs

nodi f i catdofiasts teeabid disheh lirg8SraiRyhdasingRde wi thout departing fromthe
scope and spirit of the invention in its aspects. -13 Wiat is _clained: 1.

An el ectrical Ysrikthe®ar anpeansyvidg that rpyides foea desirgdimprsiassajoflgvi ng a

portion QferochidhSdle Eli&s EEAERL. 2PNt act extending therethrough; and a second
| eadf rame housi ng %aV|ng a portion of a second electrical contact extending

t her et hr ough, witeerirethe impedanecprofild ie adbnstame diffevsitinginmpedatics podaelalang acent to
the first, | eadf rame _.housi such that an.air i s.forped. between the
Fespect | VES R SnBortp Sty thaleeRd pransh R leadrats B3 ERT ough t no

| eadf rame housi ngs,

2. The electrical connector of claim 1, wherein the electrical contacts form a

differential signal pair.

3. The electrical connector of claim 1, wherein the electrical contacts are

broadside-coupled.

4. The electrical connector of claim 1, wherein the first leadframe housing is

made of an electrically insulating material.

5. The electrical connector of claim 1, wherein the first leadframe housing is

made of a plastic.

6. The electrical connector of claim 1, wherein the first leadframe housing is

insert molded.
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wherein the gap has a gap width that provides for a desired inpedance
profile between the electrical contacts, and wherein the inpedance profile
is a constant differential inpedance profile along the respective portions
of the caontacts that extend through the |eadfranme housings. 2. The

el ectrical connector of claim1, wherein the electrical contacts forma
differential signal pair. 3. The electrical connector of claim1, wherein

the electrical_ contacts are broadsjde-coupled._ 4. The el ectrical connector
of claim i, wHle B flestrigalicopagctar Shelpim v beseie thefirsand sgepnddgadfame) ectrical Iy

i nsul at i NhuSRESArt Bbupledt wilh8n Rl &fd&dce @&k, connector of claim1, wherein the
first leadfranme housing is mnade of a plastic. 6. The electrical connector

of claim1; wherein the first |leadframe housing is insert nolded. -14 7.

The el ectri cal nnect.or, of cl ai 1 rei.n tﬁg first and second | eadfrane
Toesthes oy o & BB} Shnceldtofim IR sl I dtanfIRSRERRY,  oacl o

of cl ai mfirst redes, @hd tHelrstf dldctrical edndidct sitsEin ek gcdiash@sechbnd Bhdff@gess, and the
first electrical contact sits in the first recess,, the second | eadfrane

housi ng HIPYSHS BasIrgondicesss, and i fependsedectirg! eandadt pitci thessrondiecesst s in t he
second recess. 9. The electrical connector of claim@8, wherein the first
recess has a first depth, the first electrical contact has a first

t hi ckness, thd&.$hedndricdcesmectuof aame8.omitrele pherfirstmackess himen Srstdapth,el ectri cal

Al wher ei fi d d_depths and
PoTL Rt e afe REE R shiaSRE R iy B PSSl isheon Reeb R AR e aggl Pt S &0

el ectri cahe SoMEEEAficA cofth@ihay 4 secohe thidkedshandl Wiieaéin iRAfist @nmedtddsi ng has a
recess, and the first electrical contact sits in the recess. 11. The

el ect ri calepths apd Ersbandofecendthipkneyses ipeathar defingethe 820 width.a gap width, and the
recess has a depth that at |east partially defines the gap wdth. 12. The
el ectrical connector of claim10, wherein the first |eadfrane housing
conpri ses a fd@eThdeectatal cerasttopaf dlaial 1,ywiatedin thedirstHeadframedsusiagibastahe fir st

el ectrical contagt . ..
recess, ang1 &1&: first electrical contact sits in the recess.

11. The electrical connector of claim 10, wherein the gap has a gap width, and the

recess has a depth that at least partially defines the gap width.

12. The electrical connector of claim 10, wherein the first leadframe housing
comprises a face that at least partially defines the recess, and the first electrical contact

abuts the face,

13. The electrical connector of claim 10, wherein the first leadframe housing
comprises a plurality of faces that collectively define the recess, and the first electrical

contact abuts each of the faces.
14. The electrical connector of claim 10, wherein the second leadframe housing

has a recess, and the second electrical contact sits in the recess of the second leadframe

housing.
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abuts the face. 13. The electrical connector of claim 10, wherein the first
| eadf rame housing conprises a plurality of faces that collectively define
the recess, and the first electrical contact abuts each of the faces. 14.
Thes el ectrical connector of claim 10, wherein the second | eadfrane housing
has a recess, and the second electrical contact sits in the recess of the
second | eadfrane housing. 15 15. The electrical connector of claim 14,
wherein the gap has a gap width, and the recesses have respective depths
that at |east lfaFhg %lcqtyca!éemn«fétor pEclgiapl 4ivdierein the gamhes acgapcvidibe and hennect or

of clal mr%ésse‘é‘ﬂ%m{ e%ﬁ‘%‘d ihsttf)eﬁ??ig %%E&ﬁﬂ%ﬁ&ﬂ@tﬁ‘&é\n ﬁjﬁ? a respective

t hi ckness that at st parti a nes e gap 17. An electrical
connector conprising: a first lead frane assenbly conpri si ng a first

| eadf ranme housi_n t si naI contact, and cond. si cont act

i acent ot nE- The decitife] fnellBhptafin L hireBbiash ot il niactonbi y
conpri si r}ﬁsaressg@&%tﬁlaafféémafeatMkapaﬂga,lly@eﬁﬁusrtﬂe & wial. contact, and a fourth
signal contact adjacent to the third signal con%act the first and third

signal contacts formng a first differential signal pair and the second and

fourth si gnal17cgpte%%§albc%bmc@&c% igglg d differential signal pair, wherein a
re

first air gap i§ 1orne en pective portions of the first andthlrd
si gnal cont actasﬁrtsthedd féa«hemﬂemhhy&ug;bnmhgalfmm@dframehbm@‘ ndine stpanlsi ngs, and a
second air et ween resnﬁ ttE}‘E; portl ons of the second and

s fo
fourth si%GR@ 5 i %F(E? E%ﬁ contagtadige rst Rignalsopiaet PYE | eadf r anme

housi ngs wher gigacdndqedd ﬁa?ﬁe é’s‘sémﬂ?@o ?ﬁmﬁg 3R %H‘frérﬂ@ﬁo&ﬁ%vhgﬁl% for a
constant differential inpedance | e al ong the respective fportl ons of

t he fi r stsignabicantdct, @nd ahouxth %grtaheant@k edjagent nonh@ﬂngﬁ signel qoatask the tist andadf r ane
L L L L i R
si gnal paignal cohthctsFogmial a&écrdndaliff@amaesigm pait, cl ai m 17, wherein the
connector s %vhrgrsezlr% grf]'llrsr’g %l_r g?lf) ){sl f%rrreuladebcettvrvclae%arlesp%((:)t?vréep%gt?orns of the first and third

signal contacts that extend through the respective leadframe housings, and a second air

gap is formed between respective portions of the second and fourth signal contacts that

extend through the respective leadframe housings

wherein the first air gap has a gap width that provides for a constant differential

impedance profile along the respective portions of the first and third contacts that extend

through the respective leadframe housings.

18. The electrical connector of claim 17, wherein the air gaps have respective gap

widths that limit cross-talk between the differential signal pairs.

19. The electrical connector of claim 17, wherein the connector is a mezzanine-

style electrical connector.

20. The electrical connector of claim 17, wherein the differential signal pairs are

broadside-coupled.
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20. The electrical connector of claim 17, wherein the differential signal
pairs are broadside-coupled. -16 21. The electrical connector of claim 17,
wherein the connector is devoid of shields between adjacent differenti al
sighal pairs. 22. The electrical connector of claim17, wherein the first
air gap.has a gap width that linits interference fromthe first
differential signal pair at the second differential signal pair. 23. The
el ectrical connector of claim?22, wherein the second air gap has a second
gap width that2lt Ths %lgctrlmlépm@ﬁ@ﬁeécla%mw@r%@éﬁanwwéﬂrfgewpid&f si gnal pair

at the fig dsbqwgegragﬁ%&ﬁlldiﬁ%rggglSrigr?%bﬁim%. The el ectrical connector of

claim 23, erein the first ousing has a first and second
recess, and the second | eadframe housing has a third and fourth recess, and

wherein the fiJ,s ecand, third d fourth sign contacts sit in the
Flrst: "second.22 s SESResl gormiaia A Rt L atrereih 8 vt ifd SeSamryle) ot v ca
connect orth&flingitsdhidtf2dncdviem ehdfidshdiftbichBal sigheiancht tHeleéshd dffetendour t h
recesses have first, second, third and fourth depths, respectively, and

wher ei n t%@al pait.st | second, third, and fourth signal contacts have first,
second, third, and fourth thicknesses, respectively. 26. The electrical
connector of claim25, wherein the first depth and thickness and the third
dept h and t hi BnEbseltarjed] kenned®t bHidaitth22, Whesdtin thasecsind tahr.gaf fias alteeored ect ri cal

connector_ of . i m.25, .wherein the secon th.and t.hi cknes and the
fourch qeppridhahat e eTEhGAE Mederiet el SGntl Ryt dedEs- 28, an
el ectri califfeenit@cieRal gaphpri sing: a first |eadframe housing having a portion

of a first electrical contact extending therethrough; and -17 a second
| eadf rane housing having a portion of a second electrical contact extending

t heret hr ough, .2%?5@&1&&"}&1 3bhne9RP of FaihPE SRR WE s iR AR ARG asRO L1 ONS

of the electrica
first and second recess, and the second leadframe housing has a third and fourth recess,

and wherein the first, second, third and fourth signal contacts sit in the first, second, third,

and fourth recesses, respectively.

25. The electrical connector of claim 24, wherein the first, second, third, and
fourth recesses have first, second, third and fourth depths, respectively, and wherein the
first, second, third, and fourth signal contacts have first, second, third, and fourth

thicknesses, respectively.

26. The electrical connector of claim 25, wherein the first depth and thickness and

the third depth and thickness together define the first gap width.

27. The electrical connector of claim 25, wherein the second depth and thickness

and the fourth depth and thickness together define the second gap width.
28. An electrical connector comprising:

a first leadframe housing having a portion of a first electrical contact extending

therethrough; and

-17 -



contacts that extend through the |eadframe housings, the gap having a gap
width that provides for a desired i npedance profile between the el ectrical
contacts, wherein the inpedance profile is a constant differential inpedance
profile along the respective portions of the contacts that extend through
the | eadf rame housings. 29. The electrical connector of claim28, wherein
the first |l eadfrane housing has a first recess, and the first electrical
contact sits in the first recess. 30. The electrical connector of cl aim 29,
wherein the se@dftPrddeadframahontinghaving peastion eicrsshend dedueal camertt he second
el ectri caley AR 8@erdhiopgh,n the second recess. 31. The electrical connector
of claim 30, whérein th%’first and second recesses have a first and second
depths, res pectwhstmllly';m aingant fsdorfmed betwaed theoespectivel peetiorisofithecdevtricat s have a

first and secongl C sse ective nd the first an e ond dept hs
and the fORGR" SRbeKEDRT R IR RREEE NG ten O sabrrink e §A5 JRE:
provides for a desired 1mpedance profile between the electrical contacts,
wherein the impedance profile is a constant differential impedance profile along

the respective portions of the contacts that extend through the leadframe housings.

29. The electrical connector of claim 28, wherein the first leadframe housing has a

first recess, and the first electrical contact sits in the first recess.

30. The electrical connector of claim 29, wherein the second leadframe housing

has a second recess, and the second electrical contact sits in the second recess.

31. The electrical connector of claim 30, wherein the first and second recesses
have a first and second depths, respectively, and the first and second electrical contacts
have a first and second thicknesses, respectively, and the first and second depths and the

first and second thicknesses together define the gap width.
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