| MPEDANCE CONTROL | N ELECTRI CAL CONNECTORS FI ELD OF THE | NVENTI ON [ 0001]
Cenerally, the invention relates to the field of electrical connectors.
Mor e par twoubewd29493t he i nvention relates to an i npedancectaskeosiob=dr i nsert
nol ded | eadf rame assenbly ("IMA") in a "split" configuration. BACKGROUND
OF THE | NVENTI ON [ 0002] El ectrical connectors provide signal connections
bet ween el ectroni ¢ devices using signal contacts. Oten, the signal
contacts are so closely spaced that undesirable interference, or "cross

tal k," occurs between adjacent signal contacts. As used herein, the term
"adj acent" refers to contacts (or rows or colums) that are next to one
another. Cross talk occurs when one signal contact induces electrical
interference in an adjacent signal contact due to intermngling electrical
fields, thereby conprom sing signal integrity. Wth el ectronic device

m niaturization and hi gh speed, high signal integrity electronic

conmmuni cati ons beconm ng nore prevalent, the reduction of cross talk becones
a significant factor in connector design. [0003] One comonly used

techni que for reducing cross talk is to position separate electri cal
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 bl ock cross
tal k between the signal contacts by blocking the interm ngling of the
contacts' el ect ri cy{ipersleNCE CONTRORTN EBECIRICAE GONNICTORS! act
arrangenents for el ectpcal connectors that use shields to block cross talk.
[0004] FIG 1A depicts an arrangenent in which signal contacts S and ground
contacts G are arranged such that differential signal pairs S+, S are
positioned al ong colums 101-106. As can be seen in FIG 1A, the signal

pairs a G0l i where the edge of one contact is adjacent to
t he edgﬁ%ﬁﬂgﬁFé J@hﬁg]t‘&\imlgct) Shields 112 can be positioned between
contact columms 101-106. A columm 101-106 can include any conbi nation of

si gnal cont a1+ GeleraBidh@ iRt sheGicld beclgetpivaitoanttast ddEeser ve
to block cross talk between differential signal pairs in the same col um.
The shi pirtisula, themyention 15lagrsio @R dBRedEFKC e st mpddedhiepdiranas gigembly

(“IMLA”) in a “split” configuration.

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 IB depicts an arrangement in which
signal contacts S and ground contacts G are arranged such that differential
si gnal pavo0&#20483 are positioned along rows 111-116. ASTABR0O2FTEEN | N

FIG IB, the signal pairs. are br.oadsi de- coupl ed ere the broad side
of “one. HepitaGeldie T4y deemd THATHG BPURBrr IR AT B hE CEbR Lo

_Shl el dsth%?@se%ﬁ%%&%BR)%k%h&Q@ﬂkbet ween rows 111-116. A row 111- 116 can

i ncl ude any conbi nation of signal contacts S+, Sand ground contacts G The
ground contacts G serve to block cross talk between differential signal
pairs in the[0da4k Fhov. 1AThepicthpehatangta@nbiarwlhich olgbalcsf@ntaéis&@dtﬁpknd)@%éﬂn

differential sign jace 00086].. use

for smal’|% amf%gg %tg@?fﬁff%ﬁ?\ﬁﬁf%’ﬁf}i’adﬁﬁéu R 10“? 4°ge @fglr@ggp { at

connect Rk gaPke SERAS FIG! 18 rth@ﬁ%ndl 9&1@5 areRd¥ELEMled W), Whetbrtﬁ& @i dnbeonace

performance characteristics ds anollwgr ound contacts take up val uabl e

space vustakijaneltth@ﬂm(ﬁdgeofm adjpeent @anca) dthieldsd Becandeppsigionsd b‘?tl'}’\fiPI@zléontaCt
addi 1 ongl, 51 90l ORI AR S 1 A S, L PRARKHSNS NN ABhs 3050

connect‘o HUT ac uri and 1 nserti suc s and

ground £RIh@EdEadisoS H&l@tgr@lﬂd)bohﬁt@fsﬁsa'vé hﬁoloMedSrahd ta&d&t@eeﬁ&hﬂ’eﬁeahﬂctlgnal h
manuf acturing such connectors For exanple, in songe ap I|ca ons, shlelds

are knop#rstip t eelumn, Bhe Fhislds b2 semvs toddeckswrossialk bs ereniial stgapl

knomn d'S&HH%Jaégﬁc8ﬁmﬁﬂ'elds is that they | ower |npedance Thus, to nake
| hi'gh "enough in a high contact density connector, the contacts

vvouI d need to be so small that they would not be robust enough for many
appl i cat i ons[00BSy t FEG.n® écpigs enadangenteatinsviveln sigadeonfacta S md@oweirmtﬁp@ge

of th | abl t. h
and v GHEC BFANERS SCrRBLBFIePBH S LR oS08 RGPy UPBRETH T g S ~°
pai rs. [ 00O/ se G RPN B, tR sfg%ﬁljpﬁf%' a‘fé §rofa@§1d@-cod;ﬁl$ﬂ |, §iere tAk BRoa8RERMDS one

el ectrical connector mat reduces the occurrence of c¢ross talk without the
need foconwpwralw:esﬂtpélh@jlsrood sige oﬁmdatmmamréacthrﬁinﬁdowiﬁw teqrosioped i et y of

ot her efits nat faund in pri art. nect or re poarticul

i's need]g‘?r‘}""fa‘ﬁsn LORVS; Ihy e]3§n(f3éro%mfr'ﬁq o3 lflfc‘ilélg? Yy pqriige oélacﬁ ? r%lieg(gg%éérr%T’y

(I MLA)  shedrofid QrddRsGa The BHand @oNBENWERSrt RAISHA 0S| Ry Snaliffbrep@dlr s
such that cross-tal k between signal pairs may be limted without the use of
shi el dssignal gpissindthe sameravs. The shields 122 serve to block cross talk between differential

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
connector wherein differential signal pairs are arranged so as to limt the
| evel of woase/edok bet ween adj acent differential signalPCpaise@®s/oTtier
connector ,conprises .a.plurality . of signal coptac airs, where th tacts
of each pai _r[%&r@ sthriiare @ negd exigia for a%i‘éﬁ\fjslﬁﬂ‘i E‘%ﬁ’ﬁﬁ%ﬁ%‘&%\’/@:alacoﬂ%‘f‘gﬁg% such
t hat 'nr%ﬁﬁci[e%% Acgﬁﬁﬁjﬂc%%f%fcﬁ§ §1]1£ ithoRhIRER P& pRta &HidlHY 0Pérofh@ERtact) BhA@CT
pairs are’ Trmted. us, shields and/or ground contacts are not needed in
an enbostowmees for hG@ASdy dfothenberefivontitrfeutd intphier ex xorECtHrs. MpropArigHY, 38wt of

header |eadf bl d | e | eadf
A R e R R S 2R T
t hat ex&i?t?ﬂceetﬂ?e'i@é%fbr]&ﬁ%ic{é%ﬁbl@g si gRAIGHhirks @adH thalBo ASERBYNY ey paisapb ete t 0

mai nt ai n w dth of the gap between contacts that forma pair al ong
r espect limgedwithowrike ufe dflsbietisror gotugdichatactext end t hr ough t he housi ng. BRI EF
!{DESC(I}I PTION OF THE DRAWNGS [0010] The invention is further described in

e det .0t | ows, by reference to the noted draw ngs
by way @W?ﬁﬁf%?ﬁ@#éﬁ ve enbodi nents of the invention, in whigch
| i ke reference nunerals represent simlar parts throughout the draw ngs,
and wher ei n: (0011 1Thé&Ineentidnfpravided Bhighppedd coxaenpbraryerpinidifferantial signalywirs

arrangenents for electrical_ connectors that use shields to block cro
tal k; [®expngedse ap o Jimitdhe lewelaftaressitalk Ei%‘f"fea{l PORCH 3&%?1?%’# S’«&?@ Pé‘}fé-c?ﬁ? cal
connect Qr | iLch. i 3 I 6 | i

egei N a
gener al ?Ofn kﬁp%@&ggggggﬁnﬂty&fﬁ?qg%}%gﬁa%cﬁ&ﬁﬂs%ﬁ%rg%@t&é&éﬁ%ﬁflﬁgiﬂi grle regi ons
Wi t hi n apaataddygegapntThefgap ighanedndergrdstatbecoctt thet mnsertion losp and gosgtalepi ct s

a conductor arrangement. m i gnal [ . ' 10

o Bepre e AURa AtRREEDE! o Tetp B koL a1y S iR b PR ot TS
exanpl e, @0oINE G eRibolifdent Nvention; [0016] FIGs. 5A-C depict a receptacle
| MLA pair I'n accorgance w th an enbodi nment

[0009] In 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:

[0011] 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 “I”” 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
accordance with an enbodi nent of the present invention; [0018] FIG 7
depi ct s awbeatteno®ad receptacle | M.A pair in operative ®ommuseesari’ons in

accordance wth an. enbodi.ent _of the present invention: 19L,F| Gs.
8A- B depi ct [@dhpliey3 eemets @COBFICEN 5 e"& Wélr?ﬂesfégf ?ﬁ%gafé glg%\l%ct gr in

accord%;}f%\lw'th an enbodi nent of the present invention. DETAILED

DESCRI OF | LLUSTRATI VE EMBODI MENTS [ 0020] The subject matter of the
present invention is described with specificity to nmeet stg(iaglt or

requi r ement §0015bWENIGT 4 derriets daserrining-siyle EOEBEGHOT a5SGHRRLY ik RREQEEICE SXtPiaHit t he

scope of this patent ther, ..the inventors have contenplated that the
cl ai me&@*EURFE Oa’ﬂ%?%%‘fehgf%o be enbodi ed in other ways, to include

different steps or elenents simlar to the ones described in this docunent,
in conj unct ijgreM HIGOINEC dupks entceptackUMIr/ pbie chamsbugheswithvian embedimeér t ai n
term nol ogy may be used in the follow ng description for conveni ence only
and shofiths presentpaveriiesi dered as limting the invention in any way. For
exanple, the terns "top,"” "bottom™ "left,"” "right," "upper,” and "Il ower"

desi gnat e dif@ayi o] dh dfepldid ke IO A& in REGUBRGAY S ailadbodikicked se,
y

the ternms "i'nward and "outwardly" designate directions toward and away
from respesnt wetytion; he geonetric center of the referenced object. The
term nol ogy includes the words above specifically nentioned, derivatives

t hereof, and word f_sim]ar ingport. [0021]Fl . i . i Gt
illustrati 0|{0Q)1§|i a?fl& %?ﬂ?lF%heé@%r%@f%%P‘iaﬁlem @hep%lgﬁﬁéfﬁﬁri&%/%qgﬁgmﬁ gﬁtlgg% ric
el enents ogda%é anaed ehibodirt@n ef flelpyeseht indisioadargeonet ry. Such connectors
are errboél ed 1n the assignee's "I-BEAM technol ogy, and are descri bed and

claimed in U S. Patent No. 5,741,144, entitled "Low ?oss A%g |.npedance
Cont ol | ed B8N 1 EICEcHrEcdapictex malaty atass HreesRepis e JorBpUsyiector

i ncor por at ed, herei.n by f .0, .l entirety. Low cross tal k and
cont r o/ FTHRREH K énﬁggﬁdﬁégﬁ%?g%ﬁﬁ&%@nggéﬁ?ﬁ*fron1the use ot this
geonetry. [0022] The originally contenplated |I-shaped transm ssion |ine
geonet METAIEHDWES CRFPEON/OF AL LIISTRATIVE EMBORIMEXNTS enment 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 termiﬁolo 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 ssion |line geonetry as |-shaped cones fromthe vertical arrangenent
of the siwoabosmmact shown generally at nuneral 10 bet ReEUSRIVS/OLINGT

hori zontal, dielectric layers 12 and 14 havjn di ctric constant e and
ground lpvageess ek gihcoptro %ﬁ%ﬁqd?’é%ﬂq?*’?’e BF‘%%H’?%FO Iieﬁ‘g{ {%8’61 thﬁﬁseb‘gttt m edges of
t he con% . The sides 20 and 22 of the conductor are open to the air 24
having @n air dielectric constant . In a connector application, the
conductor could include two sections, 26 and 28, that abut end-toend or
face-t o-f ace[00d2e The ariginally, contamplated Ishaped ithepissipe ling geemetipisshgwaan t o

first , |s.the ch istic i f. issjon i
and t heaeho SR Brapai B Elien artp B a RS untsosbi BAN R 2", o™
el ect rigrAnd dERERES Al drb@ddbIp@NEkinsits OThé Gesafiptisl altiaitiranemisaion. linergegiaty

experinmentation led to the conclusion that the ratio h/wd needeq to

mi ni mi zas Trshepad eomens deonb theoretical amngemapitidheaseg] sparetriowmecnsrtly 2 as
illustrated in.FlG Ik , : ' 2A
ar o oqui et an, trgeesrt by B Ayl ficcuetiyeting 6 eyl ¥Rl L

equi pot gitdralnd plaesabBese 15eyaRetddally paced avthd tqp andstantedget bHthe mgnductaut
towards the boundaries A and B, it wl| be seen that both boundary A or
boundar Jheides0aad 22 9f ghecondustprarg ope P the P AFHPAYINS PRiaL HESHEC CABAN £¢- ¢ yal
ground sur ' 26 ¥ind28, Mg BliPERL-tol |
two or Er}t)hr‘“fé)%ﬁig%%lg%gggmn%%ﬂﬁgggg%t%ﬁggggh%ug}%- y%e?ggﬂ,wa virtual ground °
sur f aceer@dr $h-tb ehoe ePhet thizknesd i, esd and thendelectir ldyetsel 2 artdt 14e ta Hrshorder,

i nt i ngli f th dul es! fi . In .al duct i, dt h
e Il et ee (L Lo 1 senetal he cordhel Mg
wi dt h X oQﬁelg@?ﬂ&'{V?dtH:v&d%Bn&bls e elélitgd AR HRLVERN SRR toRcidi RNt cohRBR4]

G ven the mechanical ‘constraints on a practical connector design, it was
f ound i @riginbexipetimentation teddo greopporiusion itheg thefrativ é/singaddd toonmasrze ( bl ade/ beam

contact) wdth and dielectric i cknesses .coul d devi ate .sO fromthe
pref er r%ﬁ?%ﬁﬁ@%ge%ﬁ‘g %6’?1@3 hif %ICBTE'F aﬁ’m?’smaiﬁl%%%‘/ %53%5%3%%? i.%ag{?;é)é:n adj acent
signal contacts. However, designs using the above-described |Ishaped

georetry t en[éoizﬂ hraneElihRWer 32,335 36 hitd &S I FIG. Qhhee equpytentidloofvolthgs irgihs .
[0025] In accordance with an enbodi nent of the inyention, the basic

pri nci priedictretiorsppess Eakinganpquéaientiahbine elpsq topag ok sapdriates apd dollavang an
be enpl { X&tqo{?vgrcﬂ %Iriee‘tgcmnﬁgries A and B, it will be seen that both boundary 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 #;, ¢, 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-



how to even further limt cross talk between adjacent signal contacts. Such
anal ysis firstauuresses me neeato renove sields trom between the contacts
by det er mvoi2ngs/@m9appr opri at e arrangenment and geonetry eCTiuseoesiogriat and

2B | , t | of of | tage in the
%;?;Egordﬁ %%ts ?near{;eleg% néolvcr% %h%?fﬁs i gtr&’&gﬂhgfcté?ﬁiaic@lby eé‘ﬁ@llmﬁ&?? aggyoprigte j n g
contact aatngsngamrend gﬁfméﬁy&ﬂ&he Siond1a6d %‘roﬁnﬁ'&gnt%tgupft} RGBS Qc@r}&Sﬁr Sk to

the invention. As shown, contour |lines 42 are closest to zero vo
cont our VPftﬁ%ﬁsmﬁhF ng ghborkpod<af ap getivelcojwnn-baseddlifenanioal signahpsir &6, Siie achnmetst

+ d
necessa Pyt BFSaE Sap AR 8 b s o B b R g o e PR PSRl

near est comtothiéncadRiaveclpgst to ztei’tﬁvcblm %ﬂt@IrQﬂﬁ@él%ﬁemés@g t8UL @blt LA Snfofir RERT
npi ngi ng on the positive-going quiet

h |
él|e1E 19 er egfg A5 ‘i?ﬁ?ﬁtstrtg Vg‘f?iqa%%%ﬁb&éﬂ opservaddhat, although the vedtaghdoasaiot agessam]br gyi ng

the i cant act uently,
The. noi coron g AP, ALl | o i aPEhdor BB TS, s amBERREE ¢ he
posi ti veuthahedqmegamﬂswen@mzag dihgnia) the voBagelinpngis dethe.pobiideabinkhipiset as
shown i F . t.he si contacts S and ground contacts can be scal ed
and posaltf%éf) Py signgjgo Ctdﬁéb%giel‘r“@mesaﬁéll‘? YHtege mpingngras the aegativegaingi n a

first d tvveen
t IhreS t d Elfél%tﬁcglﬁ?fr]dgtﬁfhl p?a'nga’i?r a1 B&MthctP t%ﬁééﬁﬁ@ntﬁ'd hieq{blsfe 0?1 fle E'?fep P%ﬁé}f’ i3

he signal pair a
pot ent i @ifferanice inivaltage boisesen thegrasitive- ot wrphiivd-yoing aignals, iadjdae emeral gnal
pair. Consequently, cross talk between adjacent S|gnal contacts can be

im I | s f t I ation. In such
connector o, {1028} aohs o Yo ¥ig 2B, BR sl coffos BB g consintaiesn ban be
|'i m t edscaledtahé ppsitidied feRtive bLomap@ep suchanst aQﬁﬁEreﬁﬁﬁl sHafl n@ﬁr@?ﬁl}f@f‘éﬁtlal

adj acent ntacts is unnecessary, even in high speed, high signal Integrity
apjpl i caﬁlg‘bﬁ 2aIr peshioss arpigh dight Hun theegap Satrepsithe Qﬁntétctﬁethaﬁbmaichmsgmal peitl and a

| -sh e _uni o of hei.ght to dth
|ssngge%ﬁ??%%08% % cp&ﬁl rs?)uigég%rrquos Fg{ggm%ﬁ'og%r% elheaf %ﬁ‘ﬁig‘fq’i‘&ﬁl glhunber
of factmis (&a:tse@iehﬂy,tcrd)dsealk@eﬁi/eeﬁfadfabﬁﬁ%1gtna1 d@n%ts\/@ﬁﬂbquﬂu%qﬁtac Q\F}H’é
cont act.s. fr exarIT_H (i it _has been found that one such factor t

THE Yy

di st and&V e @Qégﬁt%céﬂﬁlﬂ%%@@ﬁt%ﬂhe {avat otfcwomtalkdxetw®nadjacait

si gnal a8 ref ul

di gt anc%@t?lletc(\)llviet&ebrﬁ thgdm?}g% Si he@%ﬁﬁ% gﬁlggﬁ%&]l%{ ga%d cys%%tfglgglgs%ca fa?qman
appr oprdoatagtsds fuirecessiyabveanipizinpec hEQignl imedrigupglicrioss tal k bet ween
signal pairs. Such a configuration is particularly suitable for

nnect or wil |
mezzani ne- St[m)fﬂCOﬂnr((:5‘1(1:§hof'1111’he:ra g‘n%l}%lsco tﬁe gbove descnrbed I-shaped model, it has been

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.
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 Zj 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 discussed 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-



be di scussed below in connection with FIGs. 5A-8. However, it wll be

appreciated that the invention is not limted to nmezzani ne connectors, and

may be empbayed2i4v3a variety of connector applications. PL@ABJ0sHLG77 3

depi cts a cqnduct.or. arran errenéﬂ_g n whi ch SEﬁE’gﬁt pai rs and ground, contacts
c

are ar rhﬁg‘é’d"ﬁlcﬂmreém Withé G@)ﬁ’d t & sheVa iy ath 1pp3 1133 §0scosHBifgs ¢ or

pur poses, of . conpar i s i

Do RaRb R3O s fRebMEcLEAERRTERAOR Mala PBR Syl [§Rhlocy
AS showBorhprideb,Gn odder gidehleficta/righf, iwd kfoundrephiase G, a diﬁ@eﬁmal nignabepiedice Saf, t wo
ground contacts and a differential signal pair. Row 3 foE exa Ie

conpr i s@’d twongrgpgbpontachngi| &ot 317 f?rgeﬁfﬁmp%%ma%i?ﬁdﬂ@&s 5’695% o8 togight
differ eafffe?éntlﬁi Qgﬁll pRRish+%, ?@O%ouﬁ@goﬁtMS ef %ngﬁf?:?érﬁﬁf Siglal gﬁ?‘g3$1§3 for

exanpl e, npris I n order’ t toright, a differenti sighal pair
S2+, S2in thbmbgdmwmd sloont madtlE. &, it emdbasesn tifad ﬂmnioihajmssofgmatac’;sa;an bSBHanﬁé

In the enbodi ne ho, in “ hat e colu

cont act & gt W@P‘%@i é@eﬁs‘?’f@@ﬂ [MH SSPgh?ﬁm 3 graun Olnﬁﬂf}fs ),
such aspf, g"sé}%e 15 Bloc BR s SRS WAL BSdeRt STBYAl PEIY CHO PR otﬁls tgfcﬁma%oﬁ@&tk take
bet ween adlj acent signal pairs. Howéver, the ground contac take up

val uabl ep gﬁaaﬂﬂe wpch iwithiththeconmstiroAs cas be aeenbthesndodimend showo i F¥nt3 ishown
in FIG erenti al for an

arr ange]r}’é’ﬁtf?g ; edrf{iﬁ Ogtll%é@ﬁg%q%f % %arﬁelllgg@ﬁ%tq’qgﬁb Eﬂ@ %bc?ﬁar]flﬁe ebfact s.

[ 0029] ﬁ@g@{cgbgg@ @bunihhbets. t he signal pairs are arranged into rows
(broadsi decoupl ed)” or colums (edge coupl ed), each differential signal pair

has a differential inpedance Zo between the positive and negative

conduct ors of002fk Begardleaned whetherdhasigp pairs mierarrapgss intn rovspbwafede-| s

defi ned, gm?g | gpq! qﬂﬁﬁgg

differeh a<It I)1§I ELjna ggﬂge%é%ﬁéd)barp ﬁgﬁl%\g%ﬁ?l along t I%%blt p&%it%go
differ ebétwaén fhlegabahv@amd neghtivé sontlatlorskafah differential desdl patl ®ifferentdalt r ol t he
differenti al |rrpeﬁ€nce Zo to match the inpedance of the el ectrlcal

devi ce(EyPadgneaHs defl qs@s&%%@fiwce@s@a&h@w@aW%%eﬂ.%atae & éi?ef%a@wﬁenum
| npedanggr£o;i Ps1%&h? mm@a&&m& gﬂltt oﬁgftﬁe 19@1{1%&16%&@%%@3 HONRY i

reflection and/o st em resonan can mt overall sys bandw dt h.
Fur t her woell &nown, it & dédeisiblatol entrol ihe dtffeybnttaﬂl enpkdaher Zrtoingdich ﬁlpeniaedfmciof thach

(het 1 st an (ol constant. ol eng the | oti o Lbe bl antial 7

subst anfy ik infp&RAR& sttatiecttidal 8688 milimiZ88 8BRARIGR lection and/or system resonance 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 Z 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 results from precisely maintaining an
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profile. The distance d of an air dielectric between the contacts that form
a differential signal pair (such as signal contacts Sl + and SI-, for
exanpl e) wenodakewmai ne t he i npedance Z Qbetween each of pChaSc@sars.
[ 0030] As nqted. abhave,..the differential inpedance profile can be controlled
by the pmyppmm distanee betfscr brgaasideprinigdousinl part sdigh engygk fq Feagen apy

di ffere e of
2 si gnaf el SRBRT0EEnc Bb A AR AENTRE PR RN BB BEQEAD dir e BERT
edges otitlsdr Giéelbvad fdrabé Sormtleétbt B 1rﬁerdieﬂ fapplﬁmhbﬂ,l or&bgwai'th pled attentimieneesse and
significantly, if a proper geonetry of broadsi de-coupled differenti al
signal P&afF# P"swﬁlﬁhta?fﬁbﬁcweﬁf’ém sely mai ntai ning the distance between the
contacts of the signal pair, the cross talk between nultiple differential

si gnal pairsigaq) b%ﬁﬁﬁﬂfaﬁpactseptaﬁle AR &tial Hﬁ‘ﬁedgﬁ%%oﬁ%f ¢ hivhMa8dwidih

unnecessary. I n other words, the signal quality that results trom precisely
mai nt ai systansatap pieszmab]eato eowlid ttlengap dbstnwsehbdbweegintistciouyithan adew taduspaithss

is high gnou 0 ren dditipnal nt in_signal ity that
may be ﬁ’g‘i‘%’é‘gﬁb ap {a ’r°é‘§ Eﬁ%’ d fe}ﬁ{#ﬁ?ﬁ?&“‘@gﬁ?ﬁ n%émaﬁéﬁuﬁeq% e@ﬁ‘ﬁk for the
connect QiriatiohHh ERARG cAMRE pEGHI1E,HoweRkr, lackPtitle VASatRhl € gRAtert RERASRed N

si ze and/ or weight of the connector [0031] To nmmintain acceptable

di f f er edesitaf, thﬁp@dlanateeaczept@bimandlothﬁm esipgy facmﬁmmengfgly&pw,smﬁtaup@ of
d bl | t it hi
F housantififh s PO Rhetifercii®h 8 FUBRiRe TR B RIOT Whethb utich Bt

may caug Fw‘éﬁ 3pmePiaabire fMﬁfeﬂ&hﬂ@lﬁ\ tlief!;ainlaQMHm epladicrnes H1d difficult9 e utintaih e
acceptable variation is dependent on the speed desired, the error rate

accept athedevelnef nsedigpn d@%lieé Ao establslng and mamityping ¢ nspr-esinbdtersngial of

whi ch i |y consistent with an enbodi nent of the present invention.
When bo contacts of a given signal pair are formed within the sanme | MA
the distance d is difficulty to naintain at the |evels of precision desired
for establisfi032] aMcmrdingttaianien@odinmaof tho msteation,di “fspt”d ML A konfiguedamde ZQ

0032] Accordqi to nb tof th nve on, "split" LA
Lont L L uPapidsf itk hsh T o SRS Tenglhwieg Pobs ety o eacd bl eeoanding: thg

hal ves, regﬁé‘clfivéie&ﬁta&%mﬁpq@%ﬂlge Itﬂarémét‘é& R IVRuEaoH @6t fofokY Mkt tHelpli¥ing De
appreciated in the discussion tha |l ows that the placing of one cont act

of a si gihale qoatact ofre sigmad pais &n @fecessaif epdr partion of thehead feae dssemblydegsiin v
(e.g., ltlerlt%er or receptacle portions of the IMLA) enables greater precision in maintaining the gap

distance d between contacts. As a result, the differential impedance Zy 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 comprises 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 IMLASs (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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header or receptacle portions of the I MLA) enables greater precision in
mai ntai ning the gap di stance d between contacts. As a result, the

di f f er entwel20éamedance Zo can be controlled so as to m RCEUSR0SNEES?t al k
bet ween si gpal,

Phe- o olisdseaiE e and oo S Araevil AP R rgial 2cCpring i EBe et
connect gy asRely i LAGRRIABNA S M 1, 405 1eThOshIgaRurel if fie chiersr on i s

depi ct ed. e appreclate at "a frezzani né connector is a

hi gh-density stacking connector used for parallel connection of printed
circuit boar[#934indAs hetediakeve, Switainingsaredni eoatrobefithe distanea hethisen, Bwadside-

rel ocate, faor examp] e,. high pin.count .device to nez i or dul e
cards t%“@LﬁﬁPP??mﬁhﬁ#ﬁ”?%@?ﬁﬁ@“ﬁf?H@SP“E%WF?%@???W§m§ q%ﬁ%ﬁ%r ggnance.
The NMezZanidif cfUTIBS tn9EntashS SWEhl Mst4QR cohirdlst hakRgnedbylifng 4achoRplit’$al of an
receptacle 410 having receptacle grounds 411 arranged around the outside of

the recBylLAdke.,4d@ptaglecind heeden EMILAR) toyaeintain REeatse SDAFRA PRIYeApeonEctsffed
around t.he outsi.de,of. t.he header The header 420 al so contai ns header
EVI LAs ‘%I%fe“ﬁﬁlqugf%ﬁgfF@W@E‘S@F%ﬁorﬁlﬁg@fﬁ 4 for clarity) and the receptacle
410 contains receptacle EvILAs (also not individually |abeled in FIG 4 for
clarity). |t[ooB5] DBEGAPArEdipicesirdchgthclt MUl repapinacberddi® witiamentiedingg0 can

be mated to_operatively connectthe ecgpt acl e nM;ﬂfr EVILAs. " It wll
al so beofippinventien JRefpaing fgéfcterFéGné;/&t% ﬁhéecs%‘ga' CQRRISR$F_Nt i on, the
gr ounds ' - , ' ficle IMIOR4]
As ot 2 At Rolity 5 o o e B B e

br oadsi saugreds amotanioklethatsing 621 sidmsdriep af rescptacie contacte 530.088 cambk
bet ween signal _pairs. I n an enbodi t of the.invention, such dist e
cont r ol 5§¢8 HhEKi"ré% HRGIeRSPIRP FigPiasit gf d]%rﬁ !r‘?ctesseﬁé]@’tP t@‘f ﬁ%}ﬁqgﬁﬂgire(cggtaae WiAs
recept a ifd-‘alﬁm' sheaferinBYlabpetiatdd tHRiflrRialoR (RBhigResSRAGItNBe REEWELH afit act s
of a differential signal pair throughout a connector. [0035] FIGs. 5A-C
depi ct portien epthadVELAV10,A2040 be simedvay peksiscly. vt hreshlt.dhd sen distisncod bethsen

invention, Referring first to.Fl 5 first.r tacl.e | .
conpri s&&h é’rgnﬂﬁ‘é’tnltﬂ?? ERP %@??al%e “gh%}%& < gy?cé%r%glfeﬁ)cragec%el gtag%ém%% ngglt: s
530, angmBo@REM Y thepRMmetwentiddA 520 conprises an overnol ded housing 521
and a series of receptacle contacts 530. As can be seen in FIG 5A the

receptacle contacts 530 are recessed into_the housi n%}s;r of receptacle EVILAs
510 and B 52[9036} KimingeovamFKeidk: edetetad vieant g spehrepessahregeriacls sonipgt

the r CCERy ﬁsreée?)ta%?ecﬁ/ILA 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
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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portion of the IMA 510, 520 to be sized very precisely. As a result, the
gap distance d between each signal contact can be maintained throughout a
connect orwbabodmetsed i n accordance with an enbodi nent ofcrhs2@sesEnt

invention. [.0036]. Turni.ng, now to, Fl G 5B, d iled vi f h
r e\éesslahwsé‘%gg%ﬂégpl%églnﬁgﬂﬁ Wé‘thfieﬁlaFeéégﬁt(’Qg‘iagsgﬂg:Cﬂﬁlﬂg%ﬁ\évgggﬁg\?ﬂ%dﬁs@% be
seen | nSEE@d 58 asl6 EH?L@QS@%]%&B B85 ERHAGT EachMbAaS1R0l (B el BRITSAILIEOhRNE

cont act sits wthi e holsing such that the distance fromthe outside
broad sisfaciag thdmwpposing achta&330) at a distancetdirda thelgepasingtdeataebdd).- g a8 11 i s

1Ad. The total distance d, ex ds fromthe outside brpad side of th

cont act e@i? g e ‘g‘ﬁﬁag‘feo‘élsﬁfb %2[8 %g inaaéntalfneg a‘i:%f\llghg‘fveg ggprg f 1s1rog;%g %%ug%:: Pgthﬁl\/LA
520 (nof, m%ndegggisﬁble B Rerrhblaed hotsingWhbiicatBh cds Wl 4skonkRt Bbtitathm.
operatively coupled. It will readily be appreciated that the distance

provi deBebapseittelistaiovid onls depends pvitese RO -peecisn yomparents thesfistgnceghcaiong
as the total distance i s f.ornmed n_EVl. I 3 e

oper at i EWHE?}HF)_ gﬁﬁm[tgﬁé{ﬁy I%Wécce@gﬁs %%klg&d@g?rﬁgge@{etévﬁb %}lggaélpt acl e

EVI LA _5&%@9@5@51%%%2@ deflcd . recept acl e EVILA 520. It wll be

appreci ated that in an enbodi nent any manner of operatively coupling

receptacle EVI LAs 510 and B 520 may be used. Thus,_.jn. an interference fit,
fasteners ant0@38k I wal %@Ppb@l%%@lahﬂlb%e@?oqlwe%?ﬂfdé%%?ﬁéﬁ%ﬁf? ‘ﬁﬁa%ﬂ"'fdect

such coupliyidiab0PHEEhy hid dfdairiols aildusGBpbe, SBAR, IddfcililorhpUSkgne 11 of

recepta _ ut's ousi ng recteptacte EVILA'5
Cont act sofm@Btos df whitthihe reeppeltMIeAs Blearies20iae b pettousy bgmifitdzedndt will

"521"""Ti wili 'be" appreciated that operatjvel upling the overnol ded
housi ng4ss be 2ppigeigted thal tanahiith CE’P@’_C lzér@ﬁ %@%gﬁg&SE egﬁgﬁgﬁﬂfca‘élbch cont act
530 (i . %Vﬂn‘%oﬁ'&dq{o‘ﬂ@iq§%'l g,%fl%%bl@tﬁe@ﬁ?@&n%@%%@éi 1hg coRtat@ehat Fie sighal @
di st ance romthe opposing contact 530. In an enbodi nent, the distance d

i s abl epties ed @insdquientdy) caiss-dalkibgtwder vighalgfaing) tediesilesslyeosirgfed.of the | ow
t ol erances possible with overnol ded housing fabrication, as well as contact

fabrication. u t he di st ance on] y..de t

hi ghl y- pr eci %@@@n%ﬁ%%éﬁe? SCHT lgﬂ%deaggdegﬁﬁ%ipp%a?nﬁtg ??;ﬁeg{élv@merteﬁc}r% ‘PR very
| ow accepk abweeN sichatJafpis ebatolfddyBsdRhii®a FRclte distaned dap Wil be lappreciated
differential inpedance - [0039] I't will be appreciated that, in an

embodi mérat adfaden EVILdy that isdm be eonwlesl toradreeptasl ekl Aehoilf glfesarsfullnmaintain 2

diel ect rpire%is%sdis(ilaimsc(e% Se?vgee%bs?gvn%l pé-lli_gl.'l SPhe}éfgrey\ﬁldgtmrﬂﬁ)é ndf %o FRSY %M@Qa 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 /2 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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connector, of which the receptacle IMAs 510 and 520 are a part, may be
mnimzed. It will also be appreciated that the ability to closely control
t he si ze wb 206w02086ess wit hin each overnol ded housi ng 5PLT/USB®%/0e17abl es t he

d Zob h f i
rbes.tal K bURHEDn Pus diarhd t aotiled e of Bdey ARG et s ebdt ause.
t he abo}{@ad@?%ﬁﬂﬂ% U Ml%eeﬂa;p&@ql?témgﬁﬁ%%nﬁ%d(ﬁaﬂ aw%{a%ar@f c%%%%eltyal k

bet weensign palrs) I's co y maintaining a precise distanCe d, it
wi || becapting beatee GV Aat6 18 alndaajﬁo by Be tfedt Thes,tap iberfcrnps &t fastensrs and the

recept afLe BVI LA S‘f uld al so car JE_JJ’%/ r’gﬁ reci se di st ance
bet ween!! ?ﬁﬁéil © ys§ OneT(I’fe‘Péf%F%m @r #eﬁg B\RP? lnFgl’@ AP Cgulﬂggder
| MLA paifayinR 868148866y ’ﬂ'letslarr@r@)r gribedtnersth&d uded 8o Bp&aswly deMﬂéltHeQBCdpEacle
depi ct ed. Ref erring first to FIG 6A, header | M.A 610 conprises an

over nol MﬂAhdmuwgdabqvean@Oan@@ﬁn@Ethd?IGheﬁaﬁé?r contacts 630, and header | MA
520 conprises an over nol ded hou5|ng 621 and a series of header contacts

the. hous ngs MBKSFelmER g @Pbrs e AEAIE b S G r ARt L ARESRORE S €
a det ai heskivg 6 sffheads MM@@C%ﬂﬁdrebmd% rd@@ﬁbﬁﬁibcﬁl&ﬁommgmﬁddamdml bk 610

is showmn. As can be seen in FIG_ 6B, the housing 611 of BVI
r ecessedomercts H0. otk be aﬁgﬁc@ﬁeﬁiﬁhWPWW?l}ﬁ soydingithgyhausgs O ﬂi@ng %21 & osfce

fromt h?rgi]@}s (Sgeplcrt)creg%q'e gt?veot; P&chﬁdé; ﬁf‘éa@ﬁtcoﬁggt 30 (& Qeth'e o1 GOBE: 19 Tadii}e

housi ng rde o ousi n 11t hat” WI| abut the housing

32 1 of nﬁ:gyj@bsﬁg/b&xﬁa&zem atradistatewhirom thd @po@ﬁgfcontacﬂ G0 tKhusj the differémdiat ot al
i stance fromthe_ inside broad side of . nt act 5 .t.o the insi.de

broad s if%ﬁdéﬂceaz()caéﬁ]ﬂ%&‘fsegﬁbwﬁ njcpeCE oy Wit h&gpn Ray a% Hehedibegayss ok e

ap preci giedoLp %alritgl‘ge&j b&%@ﬁ ﬁlemoﬁfé'cg%éo RY heideP %Lﬁy |6|}6‘ aﬁ& B20r 1tBMl1lafs0@%0 can

be any fraction o | ong as the distance formed when BVI LA 610
and BVI bpprédexed it dmeafamenwatwnadmb;ﬂtgm @1@@152]:01ﬁtoﬁthe®1@mfvtbe tecesstwithin gash ew

appr ool BPETRE e 07 h AR S o SINAC! i, AR BT BLP A g B Broo i Bager

| MLAs 630 R8sy Bodflicamy be used. Thus an interference fit, fasteners and
the |li ke may %e used al one or in any conbi nation to affect such coupl i ng,
and any such coupling may be acconplished by the sane or a different nethod

used to oper 804 T ucmug)n@vvtt% H1G e areadar andracepgelg il s Bas imersyaiven

connect! Orﬁm%cgtlgﬂs% accorde%ce 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 IMLA may be flared to
accept the contacts of the header IMLA. As a result, the precise maintenance of the distance d
between contacts within both the receptacle IMLA and the header IMLA enables the differential
impedance Z, 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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[0043] In FIG 6C, it can be seen that the housing 611 of header | MA 610
abuts the housing 621 of header EVILA 620. Wthin respective recesses in
bot h houswogsodRi49and 621 are contacts 630. It will be @ppruseéaery7t hat

operatively, cqupling.the hausi pgs 611 and 621 as shown in. Fl 6C.pl aces a
r espect Pidifisrential Sgnat Pars. JaEsh rep A1 heemprtss{in ogder fom teébgllz’éi(ti‘af&e Sﬁgﬁfefﬁ?

racing 46, I0RROSS NN 261+ BR08) Alnds fll HANEE FdoH RIS rAPROHc Mo PREACT

630. Thus, ferent I npedance Z Qas di scussed above in connecti‘on
wi th Fl @raisemeyt GRFIES 8Ahdonsiescthive cidffisrenttd] signel mhirst &mthe ethbedimentishesdn bet ween

t he contacts 630 of header | 61Q and 620. .1t .wil] alsq be reci at ed
that t hEIGHEhcRe 38 oA ES 387 W%?ﬁ@o‘}’df ‘c?é‘jﬁﬁe%%f@ecf’ io?go ?a?ﬁénﬁ cess

wi thin Qﬁ%eﬁ%‘s’ VIR Sdukh 2820ar. 481 -9l atidil) 8ahOIMBA tha$ twSlengihdkiéeIfalves in a
differenti i npedance Z and cross-talk to be cl oselé%lcont rolled. [0044

Tur ni ng splitwonfigiEhtian, A aral Bahataorzspbndde epthanolumn. MIalikethe aimangyeqns disgesse

conmmuni catiaqns i n accor e, W th an, enbodi nent_ of. .t he es | Lon is
depi ct e@?OVd" LPRECCFON Wﬂtggﬁ ‘%’élo_s%%m{ %oﬁacﬂseagag?edl%ﬂﬂl_o caugng eacngd]’iséélgég%éree
oper at i Yghyer§ 91%251 ik thalyYeiRirize@be tRos@¥Bleetich brane aifferddtidl inkpddandess,
receptacle I ML 10 and B 520 are operatively coupled to forma single and

conpl et ¢hat sqmpsiblelby mamiainiygp precise distance Pibgiysearstnabepitatier Fiseed fit
bet the,. .630..0f th ; A
neader " EUPPAIRRE Stk gidh, shd S SRSAPRAIE A e SR M VN ABI S fhrode®

cont act ¢compegor for operatively coupling the header EVILA to the receptacle
EVILA, is equally consistent with an enbodi nent of the present invention.

[ 0045] As can be seen in FIG 7, the _contacts of the.r tacl e. EVILA may
be 1 ar ed 1 o [METbp 1A CHE D MM BIGEEIONe. T @THRAUR. SRR B B4 WBTICES ¥ he

preci se d@%@ ga68 &)%{r% g&%ngggpg&ﬁ&t dr BELYREAs, GANLIRELaSsi WifiBid? iptoRethbR

recept ac he EVILA enables the differential 1npedance Z
0 to be ogartké ninkylifferantiabkiged pains duthe arfaegaoem depioted alidvesin Flfy. 8.udhus, a

m nimzes cro talk between signal irs, in the ab f d
Cont act SOMeEA BFCONIP BN GEABNTEGT Fiées PeAghies and AT 6PT S SR GUARFROT §

depi ct ed; e Wi Gibn AR orB@lE £ gRfafr BERRAGADN T i S¥RntiASiGalpRE fSeepiven FI G
8A, eachlro?/v 811??31 co’r%ri sesgﬁé’aplrural ityof differenti a%(ﬂ p%l gnal ' glpai rs.
""Fi ' r stweightvaBd/ofdsicoafihe semecions.order fromleft to right, three

differential signal pairs: S+ and Sl-, S2+ and S2-, and S3+ and S3-. Each
additional r?é‘Y)éI-IST tIp v%il%ee%k&ri%ed that an embodiment 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. 8A, 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 Z to be

carefully controlled through the connector.

[0049] Unlike the connector of FIG. 8A, however, the pairs disposed along IMLA 2 are
offset from the pairs disposed along IMLAs 1 and 3 by an offset distance o. 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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arrangenent of FIG 8A contains three differential signal pairs. In the
enbodi nrent shown in FIG 8A, and as was the case with FIG 3, it can be
seen t hatwoheosmbasans of contacts can be arranged as | MPAT/USSMSI02HS37 | MLAS
1-3. In addition,.each.lM.A has two | engthwi se halves in_a split .

conf i guPther BYILAWERNE the CQRsEtor by apsidict distamesn L Bich pbogRmSRS tepfiset
arrange L SEHRR BV AsGUNGEhE Qb & diHGenBroMAndb AW dieARE BCt S
are neegie%g’a&%éeigz)%se ﬁ%g§??e({)ss ?‘gl bet ween %\%ﬁ acelnt egi g%al pairs %ray be

m ni m z éetwaygn biigofheoME.As etithid {heronfiectdre di fferential inpedance Z Qthat is
possi bl e by mai ntaining a precise distance d between signal contacts. Thus,

i nbodi f the i tion, . h i.n. FLG t
my b o devortalsgn g it BifPiampeeei fabsaT mABRY difalce Gt v PGS IRET S
embodi MggtsoSEAMECHi Vel desir&PdiBfeftidBispbarite (7, e Taarefort, Whit @imaxantaliherdts an

arrangenent of 36 contacts, which is a significant inprovenent over the
ni ne di hfayraghievak desitpdalifferantial impedanee 4r baprgeiselymaieigiinge distanse dilgeg, 3.
Thus, a gonnectar accordi to the j I+ ' 3 for
T, RRABER B ARSRET AR PSR 8 Brle 1 b9 B0 S

concent 'Heiﬁic@lﬁbﬁlfatiglilfvﬁtﬁrs@ﬂﬁh-%@heSfﬂlﬂf’é ofiat distafieds @ gi ven wei ght and/or size
of the connectors. [0048] It will be appreciated that an enbodi nent of the

present invention enconpasses any nunher of conductor arrangenents. For
exarmpl e, t he [@&duckys, WP@H@@%?X“%W@PE@&%AF‘P@‘?W §‘Pi‘5Wg%f1?lg ®Nadj acent
col ums ;0f j de- ] : : Sided
conduct SPISRRERES e RHRLRRRT BN lhiihfy WGRREL 1BESEen pigfice
cont act sndrély X6 the gumlospaf ¢xplanhtion andeare fuiad wyy ¢th bé chedirbet asdemitiniglofidhel- 3 i n

rows 811-816. It can pe seen that As 1-3 e.n the afo tioned split
Cont i QPR VRS Ba ot ioR ek Ne R LA S SRET PR A, SHSRUIR ST,
I n addi ihivordd o s Ok:&ﬁx%if,%;th&g@*(}he AVeAGn hdd el H¥RAbSA B wigh I i S

separate y a precisely-naintal ne i stance d, which enables the
di f f er en¢femehcé pedanie stuuee, betaktsdnd/drembodiments, g nFerdioghs nefdnicadetet or .

[0049] Unl.i ke the connector.of FI.G .8A_ howeyer, the i.Is.di ong
(00491 00112 05, Commetoh ke G BAn NS ol AL URRESRELES
di st anc@q@ivalehl stGRARE, inefHodds bhd 658, 6h 8€@R Witldh tHekcobpdaf tBhappdnded daidss. 1- 3
are arranged such that the conductor pairs that ) ) .
Those skilled in the art, having the benefit of the teachings of this specification, may affect
numerous modifications thereto and changes may be made without departing from the scope and

spirit of the invention in its aspects.
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conprise each row 8 11-816 are in alignnent. It will be appreciated that
the magni tude of the offset distance o in FIG 8B nay be determ ned by any
nunber amwloty@20f93consi derati ons, such as for exanpl e trhe/tsadsneEd?
application of the connector or the like. In addition, it will be

appr eci ¥hat it Qlgimgly or all of the BVILAs present in a given connector may
be of fset fromanyother MLA within the connector by any offset distance o.

In such enbo .@&?&cal%&ﬁle% s&h lqg'i%:ance 0 between any two | MAs nmay be the
same as or different rromthe orf)fse di stance o between any ot her | MAs

wi thin the cafingdtadframp®0BShg heving b pottionfod atfivesrelenpyoad confec ¢xtendingt he of f set
di stance o _and the distance d may be set so as to achieve a desired
di f f er eMETOPE&8dnce zQ Therefore, while some enbodi nents may achi eve a

desired diffgrenhi dadbIRedBREE Kavihy a P6Eioh D€ b ¥edbhid ¥ eiridal Goritht egtietdiapce d
al one, other enbodi nents nmay achieve a desired differential inpedance Z by

mai nt ai thereghrohgh,di st ance d in conbination with setting one or nore of fset

di stances o._[0051] Thus. ,a et . S [ [

st anees o whaRube Hn SO0, ARG PRSI RAGecAPl e HH A TRE A0 ne

i |1 ust r gichvRateabadiapenicsmba verweer theespectiedporiond of thoeletthiealmonosahaif

expl anation and are in no way to be construed as limting of the invention.
Vords wextend thegushibeleadisede Rarsiigs: are words of description and
illustration, rather than words of limtation. Further, although the
invention has been described herein wwth reference to particul ar_ structure,
mat er i al s 2an@hoeleetnigaldionaenter, ofichrim; ln Whareain theieteciinal ontegigioamayliffarentiagh t ed
to the ﬁar tli cul ars di scl osed herein. Rather, the invention extends to all
functi of&ltY*8qui val ent structures, nethods and uses, such as are within
the scope of the appended clains. Those skilled in the art, having the

benefit of, t teachiings of this.specificafio na f I

modi f i cat i niﬁ? ﬁ@%@f?} %%e%‘?{aoﬁlﬁg%mﬂay’ hB’éel ¥ & T%u}%oﬁcﬁlt%géggarfj '?’ fér%sﬁrg%%uglﬁ%
scope and spirit of the invention in its aspects.Wat i s Cainmed : 1. An
el ectrical, copnector conprising: .a first.leadfranme housi havi ng. a .portion
of a firsth elflzg?:?lre?tgﬁ?l @ ?cé%rtor}g;?ﬂ@r%d?’vﬁﬁrefm@?@?ﬂ%%@ P ghcgﬂglag%ogﬁi&s 51

| eadf rag&i@@%b%ng@f{ﬂoﬁ% BetRedd theBleefrical &reRnRd el ectrical contact extending
t her et hr ough,

5. The electrical connector of claim 4, wherein the first leadframe housing has a first recess,
and the first electrical contact sits in the first recess, the second leadframe housing has a second

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

6. The electrical connector of claim 5, wherein the first recess has a first depth, the first
electrical contact has a first thickness, the second recess has a second depth, and the second
electrical contact has a second thickness, and wherein the first and second depths and first and

second thicknesses together define the gap width.

7. The electrical connector of claim 4, wherein the impedance profile is a uniform
impedance profile along the respective portions of the contacts that extend through the leadframe

housings.

8. The electrical connector of claim 1, wherein the first leadframe housing has a recess, and

the first electrical contact sits iny the recess.
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wherein the second | eadfrane housing is disposed adjacent to the first
| eadf rame housing such that an air gap is forned between the respective
portions wO 2béw2ed9ect ri cal contacts that extend throughPChrﬂISlzmmﬂane
housi ngs. .2, The, el ectrical connector of claiml, wherej el ectrjcal

contacts PorHheelditrieal Capndcir 0§ lghn B, Whsrein the s Rass &P V3 Ia’f1 GIFEcsss Pt
claim 1deg%a@ét@ea€sb§arﬁ%l%p{léﬂn%§%1, %%8&5 are broadsi de-coupled. 4. The

el ectric connec ereln the gap has a gap wi dth that
provi des for a desired inpedance profile between the electrical contacts.

5. The el g@ fﬁecgectﬁgﬁggﬁr%eﬁ{or ffcﬁlrﬁ‘%%ﬂere%ﬁ% il léalaﬁaﬁlie_rh%{mh%@%g alig&tsi ng

has a fir ecess |rs el ectrical contact sits | first
recess, thife lé‘a@pmdall}edﬁﬁneame reass iand theafirsteelsed crl dontectebsis thathcehe second
el ectrical contact sits in the second recess. 6. The el ectrical connector
of claimb5, wherein the first recess has a first depth, the first

el ectri caly1 cPy @6diriba T odndctor oF clalth kW& sin the @irs éexdfidmedoasiag bal&pﬂsesecond
depth, and the second el ectrical contact has a second thicknes

wher ei rplutadit offeeesdhal colecsialyteping dhearierss, andthedest gleetEiny @Hraek%%%%?@gh of

t oget he thefl ne the gap width. 7. The electrical connector of claim4,
wherei n € 1'npedance profile is a uniforminpedance profile al ong the
respective portions of the contacts that extend through the |eadfrane

housi ngs. 120'5% hﬁaﬁhg tcélluffe% or o?nﬁﬁﬁgoﬁv}%&je 1%@%&98?1 é{’%ﬂaﬁélgjle@lohﬁﬁ hid Bfecess,

| eadf rane ecess | r's cont ct sits in

t he recgsish®secondeleckiceicdontaedits i tixcdeckss df tHeaetond, leadfenne ivusing. gap has a
gap width, and the recess has a depth that at |east partially defines the
gap width. 10. The electrical connector of claim@8, wherein the first

| eadf r ane 1hoyRd NEctEMTRbISRoradf ERGE 10 haherain the agd hasar gdpalidsh, ded iHeescdstes
recess, and the first electrical contact abuts the face. 11. The el ectri cal

connect laveatspettivierdepths s ableast praiafly defing dis@ep sidthhousi ng conpri ses a
plurality of faces that collectively define the recess, and the first

el ectrical contact abuts each of the faces. 12. The el ect,,rical connect or of
clai m 8, MeThs eletttical senanstbriof aim d Aewhereisi aagh phhe glecicakeontacts has a

respective thickness that at least partially defines the gap width.

15. The electrical connector of claim 1, wherein the first leadframe housing is made of an

electrically insulating material.

16. The electrical connector of claim 1, wherein the first leadframe housing is made of a

plastic.

17. The electrical connector of claim 1, wherein the first leadframe housing is insert molded.

18. The electrical connector of claim 1, wherein the first and second leadframe housings are

coupled with an interference fit.

19. An electrical connector comprising:
a first lead frame assembly comprising a first leadframe housing, a first signal contact,
and a second signal contact adjacent to the first signal contact; and
a second lead frame comprising a second leadframe housing, a third signal contact, and a

fourth signal contact adjacent to the third signal contact, the first and third signal contacts
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and the second electrical contact sits in the recess of the second

| eadf rame housing. 13. The el ectrical connector of claim 12, wherein the
gap has awQapoau2049h, and t he recesses have respecti ve demrhszoolsmwa‘z | east
partial |l y define.t The el ectri conne r

Rher e fPrdeR 61 OHITENBE P L B FeoRb e opEd bt areh eRege iR u

| east pafdlflal YioAQfJanes the gap width. 15. The electrical connector of
claim ? \Aﬁeraelylﬁg ﬁ)‘a first |eadframe housing is made of an electricall y

i nsul ati ng wwieesin alfirst 26, gaP hefosned betivean raspentive portioss of theifistiand\ipiad gigpelt he

of ol aFfiets BREPBRN Inaer et padar R ERbuG sl el BedeRl pehRls OH0FT '

el ect r ipe@leeh 9&5@@[{\@ offorloBkHY skeonthiebith kigndlicoatacta nicht seead cthrbegiothe ame
housi ngs are coupl eé) with an interference fit. 19. An electrical connector

conpr i séspectiva 1¢adfiemel homgings.ane assenbly conprising a first |eadfrane
housing, a first signal contact, and a second signal contact adj acent to
the first signal contact; and a second | ead frame conprising a_secq

| eadf r ame2hdhsietrgirical edrinedtospfpiaim £ neheesin tlmﬁtrsfaauf S hag asgagrvaft hc%httlaelffs

cont actaeimssrgron ey AR BTN R ppf ASpe sbaha BEGUIA MR | o

signal contacts tormmg a secona di fferentl al si gnal palr wherein a first

air gap is forned be ween res ctl ortl t gnal
contacts %haﬁ’ g%“@?’ﬁ? ?‘?ﬂn(?ﬁtﬁﬁofﬁ ﬁ’@lﬁeﬁl{} &Q o%sal S%Q(glé%hﬁ g
second @l 1mﬂfslqnte§fefeﬁawﬁlémbtﬁé \WReNd dEFRERTal mgnmfatrlaonfe fﬁfst dlffereaemmaamir
fourth signal contacts that extend through the respective |eadfrane

housi ngs. 20. The el ectrical connector of claim19, wherein the first air
gap has aZQaﬂ}e"gl(ﬂ: el Btin ﬂo%F Slainlb EIRE SR %R firsPTdané howinghdsfairentnidal
signal pair e secon differential signal pair. 21. The electri.cal
connectsecordfrecdsaiami Zit; seabwet Brdfrathehasogits ai thlrg apsl foagthacasss gRd vhap et h

that limts inte rom he seco r i [ t he
R L e S e e e e
wher ei elfgtddy st | eadframe hou5| ng has a f| rst and

23 The electrical connector of claim 22, 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.

4. The electrical connector of claim 23, wherein the first depth and thickness and the third
depth and thickness together define the first gap width.

5. The electrical connector of claim 23, wherein the second depth and thickness and the

fourth depth and thickness together define the second gap width.

6. The electrical connector of claim 19, wherein the air gaps have respective gap widths that

limit cross-talk between the differential signal pairs.

27 The electrical comector of claim 19, wherein the connector is a mezzanine-style

electrical connector.
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second recess, and the second | eadfranme housing has a third and fourth
recess, and wherein the first, second, third and fourth signal contacts sit
in the fiwetposeesad, third, and fourth recesses, respeeCiuskes02377 The

el ectrical, connectqr, ,of .clair wherein the first, second, i

fourth ré@e&b @e&av ‘PPF@%m“géﬁ@ﬁd9 VREE éﬂ%ﬁﬂFpﬁméﬂ HﬁgsaFn§B%§Ffvely,
and “herZﬂQithe first, second, third, and fourth signal contacts have

first cond, third, and fourth thicknesses, respectively. 24. The

el ectrical connector of claim23, wherein the first depth and thickness and
the third d t hi h i The
el ectri c%g ?gﬁtﬁlg@%d Pﬁ %Q(grlsorsﬁ %%9‘ \?hgpg%ﬁfﬁhﬁgoé%??ﬁéggﬁggﬁ&f a%@%ﬁegﬁﬁegss
and t hgdiheuar bfffeg@piahsigmdd pufts.ckness toget her define the second gap wi dth.

26. The electrlcal connector of claim 19, wherein the air gaps have
respective gap widths that linmt cross-talk between the differential signal

pai rs. 270 Naelddesl %ﬁfgbto@@mpﬁm@g of cl al m 19, wherei n t he connector is a
nmezzani ne-styl e el ectrical connector. ei.ecfri ca cohgeé]gt o'r

dlain 19, whadnrsilepdfiamediopsiag dayingp p@ﬁ@ﬁeﬂf 3 brﬁtréefélf“éal SPHAT RSP ed 29
The elggt b&@l gnector of claim 19, wherein the connector is devoid of
shield g}rlf j acent differential signal pairs. 30. An electrical
connect or c@RBéondiledlfrateltousibg hewids baoridnofsi segortdaaléatigead cpuattictendga fir st
el ectrical contact extending therethrough; and a second | eadfranme housi ng
haV|ngﬂaﬂ¢bWN€6n of a second el ectrical contact extending therethrough,

wherein an %\}he Fn bl?ﬁ }?fs%ﬂnpc% 8h ?es?@&ﬁ%%&‘t‘{&lsmﬁﬁd Qe&ri6d] chitects
S extend t

el ectrical cont rough t | ead frames, the gap. having a
gap W dihdi ckiead tmmcgh uﬂe ﬂ;eaﬂcfranwsduhs |ga1eua\img)@ gamwidth thet providsstioredesife

el ectrical contacts. %E h} connector of claim30, wherein the
first Il@ﬁéﬁalna‘?rﬁm@é"u]%‘?t}‘@erh elec aé:(t:ess and the first electrical
contact sits in the first recess. 32. The eI ectrical connector of claim 31,
wherei n t? 1e Tshee(ia(ljer(]:tdnclalec(?(gir}cnregltgl'rsoth 8131%'1 5'(9 W erem the fc rsplcéadframe housing has a first

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

32 The electrical connector of claim 31, wherein the second leadframe housing has a second

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

33. The electrical connector of claim 32, 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.

34. An electrical connector comprising:

a first leadframe housing having a portion of a first electrical contact extending
therethrough; and

a second leadframe housing having a portion of a second electrical contact extending
therethrough, the first and second electrical contacts forming a first differential signal pair,

wherein an air gap is formed between the respective portions of the electrical contacts
that extend through the leadframe housings, the air gap having a gap width that limits cross-talk
with a second differential signal pair that is adjacent to the first differential signal pair.
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recess, and the second electrical contact sits in the second recess. 33.
The el ectrical connector of claim 32, wherein the first and second recesses
have a fhweuommnoemcond dept hs, respectively, and t he fipcstusasnd/oseeond

el ectrical. ,contacts, have, a firsf and second

) hi cknesses, respectively, and
the fi rsséélﬁm@@cr oadicetmsetes ohelain Bb heran t StleadiFams RIS ¥get her
define the d npector conprising: a first
| eadf rrETHES: gg@#ﬁéﬁﬁgﬁﬁHCﬂaA%8§#§%%£%%Qﬁﬂ%?rst el ectrical contact extending
t her et hrough; and a second | eadframe housi ng having a portion of a second
el ectricgl contact extend ng.th dfggﬁgﬁgh&gﬁgﬂ%sah@&ﬁmlca
cont actsgﬁc;&fﬁqi‘ﬁ%am???lﬁecg’lrg?éraglﬁ] @egiagﬁ%‘f&g%’iir “Wherein an air gap is
forme e&%&Wﬁﬁ@miﬁﬁoﬁﬁ@@&ﬁbﬂkﬁn@@ﬂﬂk@mﬂwa@aﬂh&eaﬁectr|caI contacts t hat
extend through the | eadframe housings, the air gap having a gap w dth that
limts cross-talk with a second differential signal pair that is adjacent
to the f'3'7th«ﬂél@dctﬁéﬁ%f)ﬁécto‘i'ogﬁﬁim B8] Whébin tfréwﬁrsehmtseconateccssnmmear filsf cl ai m
34, wheréin't first | eadfrane ou5|qg has %_tlrst recei)[a],y zdt first
el ect rimlatecaunicptts, whpestively: #nsl the fisst apdheeserd elggricalpontacis ayp g AFst@Bfnect or
of clai rein the f QURHIE @ theirseandedificess, and
t he seﬁﬁ?ﬁ?@%ﬁs%a‘fSpg%hveg’g%H(glliegﬁ?tna&lta%c%ecohd recess. 37. The electrical

connec&g&na£e§&%ka§&ﬁhﬁhnégqﬂWKMe first and second recesses have a first
and second dept respectively, and the first and second el ectrical
contacts have a first and second thicknesses, respectively, and the first
and second depths and the first and second thicknesses together define the
gap wi dth.
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