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[0001] This application is a continuation-in-part of co-pending U S. patent

application no. 10/294,966 filed Novenber 14, 2002, which is a
continuation-in-part of U S. patent application no. 09/990,794, filed

24, 2002, RRECTRICAL Lo TURSHAY R G HoNracts AT AN bE' "™

appl i cat i onSEIECIHINELYNDESIGNATEDAS EIFHER SIGNAL OR GROUND ELD OF
THE | NVENTI ON [ 0002] Generally, th€ONITXCITS" relates to the field of

el ectrical connectors. More particularly, the invention relates to

el ectrical connectors having contacts that may be sel ectively designated as
ei ther ground or signal cqontacts such that, i | rst designatiagn, the

cont act s 1§ appligationclaams prionityite Pay. eﬁmtapplsqagmo 59/6?4 5‘%91‘3‘1 gust Se 2R

desi gnation, the contacts for m at | east one single-ended signal conductor.
BACKGROUND OF THE | NVENTI 03! El ectrical connectors provide signal
connect i SROSSREEEREN R ABELIGAT §| gnal contacts. Oten, the

si gnal cont acjgog' er}ﬁé)apﬁ)lll@a?ﬁ)lnXs 5 BeHtiRchtioR - &PQP&)‘-};&%MH@ U, S Hafint ?p{yﬁr@ A t he

"cross talk," occurs between adjacent si gna contacts. used
term " awg. 48804,964 Gled Novemberdrt éQQBstlGh 1Sramn9tlm4atlemhunm‘s9flﬂ Sapatente next to

one A0t BieaiTh A3 S0d Sl A Moy MG 195207 AT SANRGIEARMGES e ect i o2l

interferénce 1nan a éceh conta m ngling electrical
fields, 10{E55%186, ﬁkadMayrmsB@@ §I|‘hgraazhtemrmf egrhiof the ab¥tchrefdraced UIS. patdmtvi ce

mniaturization a hi gh speed, high signal integrity electronic

conmmuni c3P ?8%’?“%53’8%%0%83%%’%?@?8%‘9 B REFYYucti on of cross tal k "becones
a significant factor in connector design. [0004] One comonly used techni que
for reduEI'EIg)ﬂlU];HEtIeNWEN’SI(DN position separate electrical shields, in the

form of netal exanp cent signal contacts. The
19015 Gererbyce iR BBEh o R B §h U CoEoR, NB ki ng t he

shields act t

i nterm fiar B thc 1r1‘veillt1$ﬂ reN@é te @l@&ncm%&@‘s% ?%orﬁgé Ha2ARrbOLkR i bely he

contacts' electric field . A and depi ct exenpl ary ‘cont act
ar r angendssignatedas e@ﬁ’é@’@@‘t@ Sl@@lfﬁ?@l??@ ISBChtth%tt m@sfthtshFléM!@nt e poracks formss

tal k. at least one differential signal pair, and, in a second designation, the contacts form at least one

single-ended signal conductor.

BACKGROUND OF THE INVENTION

[0003] 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.

[0004] One commonly used technique for reducing cross talk is to position separate
electrical shields, in the form of metallic plates, for example, between adjacent signal contacts.

The shields act to block cross talk between the signal contacts by blocking the intermingling of



[0005] FIG | A depicts an arrangenent in which signal contacts S and ground
contacts G ,are arranged such that differential signal pairs S+, S- GNGY 2006
positioned al ong colums 101-106. As shown, shields 112 can be positioned

bet ween coglgpbs/dgdsyms 101-106. A columm 101-106 can ﬂd’ﬂ&é&%{@fk‘is

conmbi nat j,on _of sji gnal t s .S+, .S+, and. ground contacts The ground
cont act s{hécg%tﬁ}% c?e(f%bﬁ tgeg‘%' ?ﬁ@%’sﬁt %da%‘g?{ﬁééﬁ“ﬁ’?ﬂ 8?'8%??’5?“%?5“@&%& rs in
fjhfefsarmelealhwnonn“élbersth&theédﬁelgsltsbs@k\cﬁaslmnbl ock cross talk befjvveen
ifferentia i gnal _pairs in adjacent calumms..[0006] FIG 1B depicts an
ar r angenent iﬁ?ogﬂi cﬂashﬁrﬁiﬁP‘°§8ﬂtaHE‘lg§“’S“tdﬂa’h§§‘élgﬁ‘al@B S and groupd gonfagts, n g e d
such thag £ itRgedéuch khat 1BRANtNRIgnS] pairs S; S-Ar€pdiftfnkd AORE cAARD1 G1018%,
111-116. As  shown, shields 122 can be positioned between rows 111-116. A

row 111- Asshawa shiplds §tRcanby positionsd batwesh cortact cejwans Ent We tAscadumn $01-406
ground copliadhde &y IRBIAIGOLIEANAGLR S& Se4iGoa PAAGK IR Brduh K Det veen
si gnal shields 122 'serve

differentia pairs In the sanme row. to bl ock
cross t atdatdsest Gvearme thi tldakrozossitalk betivgeradifferantial signal pdjreimahe sanwwolunfir) OTH21

Because gf the . demand, for smaller | o Lght communi cations equi pnment, it
e door r St FiRRENE boBt B Eal et Uileroh b g P SR TR W | o
provi di ng t he[0886Te FIgelBdepiets ar agirgementdn which@iznaldonratidS andlgfoung coghdgabl e
space within the conpector that could. qtherw se be used to provide

addi tion I”%F&?&ch%ﬁﬁﬁﬁg‘gm&ﬂﬂsf% afrﬁ%'*{cgca&?ﬂ%&’_cm HQ?QSP“(SéH&I',Ilg'_t fiérefore,
connect OghoinZ ghlield P dah B8 pbditionelBENEALfoWs 118-18610A Irs% 1 11116 catiabluddd! ds
substantially increase the overall costs associated with manufacturing such

connect opambination efeigeg spatacts S and groued epntagtsG .k Rlesagrounsl gpatests Spsentpor nor e
of the COREK a%ssggﬁ be ﬁﬁﬁgenti‘gl@%;ﬁ?]%aﬁ% APUE sarfid Wvﬂ{ltsﬁg?dSQE% §$H/g{odtﬁ%dks t hat
us make e gh g In a high

t hey | ower | npedance. , tO | npedance hi enou v
cont act clesstalkibetwaen diffenential dignat paitsa édjaceotlows.need to be so smal |l that they

| d t b f | i.cati .. [0008] The di.el ectri
that Care typ 0P Tecf 8 eGP B sRBRs 6 PiroP B shmpilcatiots s ' °°
posi t i onis\ie$iRible thit@otEonecieahade! saalladeld lowke $i waighto whils providthgé gie [ 0009]

Therefore, _a need exists for .a lightweight, high-speed electrical connector
(i.e., Biformange cayéfta@%lg&a@s%est o wluah Spwg“@&w eicAnaqor thaheuldf  about

10 G/ s) ohbMise RANEERD pré\ide KRRIOREINNME! RhtatsOHA thidllimiVedniRblersie(nged for
separate shields, and provides for a variety of other benefits not found in

prior ar thersfmaeoneactor sgeMuiditicnpllys HRfRENTS TN ipegigsupnshicldesubsteatially
connect o, AGLAh dbAdaf AetsEeo i'a%? Wih%ngﬁ%gzggg ?uc% c%h&%?oés. \f\lﬁlrléﬁg %g@fc&@é&sam

el ectrical y conduct1ve contacts an rame 1n cts at
| east pasHi¢ldd dry knewd ke Tb&0Rorinaart of the tesh ofthe vorinkector. aAahat knownay be

e esL 0N S 25 AL L T2, b e MBI Bce 15, 20054 018051

in a high contact density connector, the contacts would need to be so small that they would not

be robust enough for many applications.

[0008] The dielectrics that are typically used to insulate the contacts and retain them in
position within the connector also add undesirable cost and weight.

[0009] Therefore, a need exists for a lightweight, high-speed electrical connector (i.e.,
one that operates above 1 Gb/s and typically in the range of about 10 Gb/s) that reduces the
occurrence of cross talk without the need for separate shields, and provides for a variety of other

benefits not found in prior art connectors.

SUMMARY OF THE INVENTION
[0010] An electrical connector according to the invention includes a linear contact array
of electrically conductive contacts and a lead frame into which the contacts at least partially

extend. The contacts, such as within a column, may be selectively designated as either ground or
-2-



signal contacts such that, in a first designation, the contacts form at

| east one differential signal pair conprising a pair of signal contgNVsygs n
a second designation, the contacts format |east one single-ended signal
conduct or ' third designation, the contacts for GRS

di fferentl‘gﬁr}glggoga(ﬁ pair and at |east one single-ended ﬂsﬁ@?ﬁ*’ @ondﬁctor

[ 0011] The conta a cl.ude at | east ane ound 0 act di sposed
b acent S cotigeisgoeh Bt it ot ArsseRan theprers Jam 4 6ot g dtiesie} St

desi gnat pgicomiisiig)aqaaivf sighallcotadtt, ih & 8&chn®d&ignatidiQ tHe-BREe férhdl Mastcdpgduct or
in the second designatign, The ground contact may be disposed in the sane

rel ati vesipgle-spded sighat ‘Fﬂnﬁu‘it?Fear&jo‘ﬁtaélé‘fd %%&?‘qnnthﬁﬁf’lﬁa‘tth@ﬂplﬁ lepst@BSi gnat i on and
t he Secoaa@'fereflﬁals%ammd%t reegtah@ﬁhgle@meafmgmecogawd contact may extend
beyond the term nal ‘ends of (g contacts so that thee‘i;r ound cont act
mat es before l&ﬂyllofTheWentﬁPWb’ mayinciudest lepg 0n roapdeantachlispdsed adianentstognal

contacts ent such
[ Tnear - aiedsfenE ong fiferentfl e i uR Moo ABRAoR BRY 5Acepl i ri AN

conf i gur sihglesended signhkecondudtardh she sesomd desigriakien. aBlscgroendodfontabi mhydbe digdosetin

adj acent ,cont ac a t he tal.k ma imted as a
resul t oft® aaxpea{eﬁaéwg %%?ﬂ‘ggl?m Wﬁ at prray i W%ﬁﬁisgﬁtt‘\ﬁﬂg‘??nﬁéfﬁ‘g@ﬁtsecoe nt acts.
Cr 0ss- t alidsighBtionD A tenfinhEshdoyf it grmxﬁhenta&lm(bﬁteﬁﬂ bayynd $hY einiindlleali€ofliRé Ween
adj acent |ead arrays. For exanple, the contacts may be configured such that

si gnal c%ﬁ‘!%&‘?’ga‘itsrﬁ%% the graynd qontagt afesbefere amy %mslmhcer%% ric field near
si gnal cont agjpp1a|n @BssAdikAeBiden @fgﬁﬁ%ontﬁbtg if theh Fsp lihédk arrs) Qﬂ%igngladoﬁta Yn

include a gap bet ween the contacts that formthe pair. pai r produce a
rel ati vetnjadiacgnt suttelinear arrgy raayobe lnmmdeto gdpsirablg level & aattesultscbtyhet enfigiration oic

fi o1 d. Rl AAAE E0In A0 Rsenc PLAGSverI IS LA M LA FEOIEBRIS Y e i

the firs acent arra gger cfrelatlve
to the f ¢rbsttalkrmaw)c rmiGH31% aSysait@fis rdtioalf canmt oxdth tmgapomdthﬂxetvoafeﬁ adjacentret hods

for usi such onn t or re al so. es ri bed.and, ¢ BRI EE DESCRI PTI ON
O THE LAV ROST PO roy e ofied Y R TABRAREE RSBl bIE Jetmoc HUaB o d
descri pt jeadarkdy3! Fbdxample, the¥onthdté mayraé:&mrﬁ?mteb eudmhﬁdlﬁmwlﬁag iPdneViiday O
non-limting i'llustrative enbodi ments of i nvention, |chI|K

r ef er encerofissarelatively lavedeqtric Seldneassigpalioontagth Hb%gﬁﬁ'dﬂﬁ?ﬂttaﬁéy dA;Mfwgglal and

wher ei n A t nts for

el ect Ir| ca#&(i)ég%]rr?e tg%}usd%t ﬁgggﬁtivgeﬂsjﬁ S tom*ﬂglﬁzgl ?ragsgﬁ% %ﬁﬁﬁﬁ%g%g] FIG 2A
is a schehmvely highl elestricafisldm thé gmndlaedamveisalovvcﬂMﬁdd nean adjacenhsigeabnduct i ve
-and di el ec I rrent .are arr ener al haped ge try;
10017  piaelsg he AFRTHP s BT sieheh A v 1 e ST ko s PPRR HEVERBRE: L1 g
and gr %ﬁﬁb&ﬂﬁ@g@fﬁd&elah@e to the first array.

[0013] Systems that employ such connectors and methods for using such connectors are

also described and claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention is further descdbed 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:

[0015] FIGs. 1A and 1B depict exemplary contact arrangements for electrical
connectors that use shields to block cross talk;

[0016] FIG. 2A is a schematic illustration of an electrical connector in which
conductive and dielectric elements are arranged in a generally “I” shaped geometry;

[0017] FIG. 2B depicts equipotential regions within an arrangement of signal and

ground contacts;
-3-



1 6 NOV 2006 WO 2005/018051 PCT/ 1JS2004/ 024676 [00181 FIG 3Aillustrates a
conductor arrangement used to neasure the effect of offset on nul tfig kg4 )06
cross talk; [0019] FIG 3B is a graph illustrating the rel ationship between

mul ti-acti yg) fobdngesidl K and of fset between adjacent coj 0 1;0256% mnals in
accordance  w Eh@n%ﬁgm sgx% t he rig{wention; 00201 FI %‘;ﬁ:ﬂg ? a
contact arran nt PiaRtes A SRRAuptor Rrafigemert used o megsyrp thy e pffselse
scenar i Opn ¥R dctivecfass tafid- 4C depi ct conductor arrangenents in which signal
pairs are arranged _in _caolums; 100221 FIG 5 depicts a conductor
arrangerment i WO HGs 3Brine ei3ah Hipswating sherslajershinbetwespanultieperress @lk 6 is a
di agram ' r feofil {eHiR ) ; f b rdance
i ih one aetBthiedt dafabell cofinbe SPIeH TR HacARING FL M Omatol
array of six H92IMBIGaBEalepiets aicontacdaomugemsat fonvhicharass talle wendetetminedtin af t he
I nventi oq; 0 .G 8 is a perspective view of an illustrative right

angl e el gﬁgfs&?aég?ée(r:l%oﬁector, in accordance with the invention; [0026] FIG 9
is a side vie002f] tFiGsr4AWC depigt eondiicartatiangdmentsrin eichrsignhl pairtGareSimap 62 7]

FIG 10 is an end view of a portion of the right angle electrical connector
of FIG"‘BCQ?Wn along line A-A; 100281 FIG 11 is a top view of a portion
of the right mogile EIE6UepicRla coMRRE hRingeientlifwhich sighkigshirs bterahgddqn B- B;
10029] FIG 12 is a top cut-away view of conductors of the right angle

el ectri cBWS;connector of FIG 8 taken along Iline B-B; [0030] FIG 13A is a

si de cut - awayrgubawW : Ry ' s ctor of
PG 8t aken SPETY 102 0P Aoy gin it SR Fnfe GRS gl

| ( view taken
al ong | i aeso@ameofitliFong asp@nof theOBeHtdAl G 14 is a perspective view of

illustrative u . Of .- n ' 1 Qr rding to
the inventi onﬁag‘go%@{ ?—'Ilstg dl%rr ailngnétw%ér%sl gréa (:%\C/sse){ %/oﬁ'gbvnso ag%flhg(rmo?‘?aﬁgesthr ative
conduct owithfandther enibgliimeanof the invktivhy i cal connector of FIG 8; [0034] "FI G

10 15 2 Per Sifed] MAcriet ol RECkRl 1 BYSLEI P00, 20 SXaml et l o
al t er nat pegrdandeoditmeinvehtich; backpl ane
[0026] FIG. 9 is a side view of the right angle electrical connector of FIG. 8;
[0027] FIG. 10 is an end view of a portion of the right angle electrical connector of
FIG. 8 taken along line A-A;
[0028] FIG. 11 is a top view of a portion of the right angle electrical connector of FIG.
8 taken along line B-B;
[0029] FIG. 12 is a top cut-away view of conductors of the right angle electrical
connector of FIG. 8 taken along line B-B;
[0030] FIG. 13A is a side cut-away view of a portion of the right angle electrical
connector of FIG. 8 taken along line A-A;
[0031] FIG. 13B is a cross-sectional view taken along line C-C of FIG. 13A;
[0032] FIG. 14 is a perspective view of illustrative conductors of a right angle electrical
connector according to the invention;
[0033] FIG. 15 is a perspective view of another illustrative conductor of the right angle
electrical connector of FIG. 8;
[0034] FIG. 16A is a perspective view of a backplane system having an exemplary right
angle electrical connector;
[0035] FIG. 16B is a simplified view of an alternative embodiment of a backplane

\

system with a right angle electrical connector;
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systemwith a right angle electrical connector; -4 1 6 NOV 2006 WO
20051018051 PCT/ US2004| 024676 10036] FIG 16Cis a sinplified view p§NaV 2006
boar d- t o- boar d system having a vertical connector; [0037] FIG 17 is a

perspecti Veyo/s0a¥o@bs:t he connector plug portion of t he o) §2t091 ?E'uown i n
rti

FI G 16A; 100g@ikef! EG. Jx@cu@aanﬁphﬁedMb@wf%o&rﬁt@o_%wsfs@m G 17
[0039] FIG 19A is a side view of | ead assenbly of” the pl ug connect or of

FIG 17; com@g@o] FI G 19B depicts the | ead assenbly of FIG 19 during

mati ng; [0041 Wohn

accordance w h}oﬁgﬁ Fl%gr%gd?ﬁ% tgtcl)\%/el‘? gftﬁ%ent %LW%B%Lﬁ@@%&‘%?égpa si de
vi ew of shewtt aFiGnHAs of FI G 20 [0043] FIG 22 is a perspective top view
of a receptac | da ge her of the invention,;
[0044] FIG 2@?@ g(fc 3 % ew ol “’t°r§ e i&e"ﬁ "'CPE gﬁ@pé 22; [0045] FIG 24
i s a perspect [0039}/! ElG.aDAds ss:ﬂg?ewczﬂlalmﬁ aﬁﬁembgaﬁ‘ph@mh%c&me&taﬁéﬁ‘m {Q0461
FIG 25 is a view of a conne cordance with anot her
enbodi nent of @F'ﬁ@ﬂgpgﬁpl"'{s@éﬂ?@ 3P IITIQ égéwmtgw of a colum of
right angle tgy NaFkg;.i20 lﬁﬁp&ad@éwsﬂwotcmmeemﬁﬁmmmﬁsécoﬂfanéehﬁtﬁcméent i on;
[0048] FIGs. 27 and 28 are front views of the right angle termnals of

Fi gure 26mpadigent ofthmigventigbs A- A and | i nes B— B respectively; [00491 FIG 29
illustrates t@ﬁ, er Offs. %?(fgégﬁle QiE to?{l{@t&ﬁ'h ﬁez d-er m nal s connect to vias
| anot

on an el ectr device in accor ance Wlt er 'aspect of the invention;
[0050] FIG 3[(M043] aFlseR2 pepdrspectivedop vitwaf posceptacie of acaordatmerwith dnoger at i ve
ri ght an | cal onnect or, in accordance wth the invention; [0051]

.el ec
FIG 31 gglggdlglgpt%.r&etlfw @U9Mew of another illustrative ri ght angle el ectrical

connect or, i njoad4lor Fi@) Q8 isM dille vibw of theeedeptacle of FIR2R; FIG 32 is a perspective
view of an alterpative enbodi nent of a fecepta Ie onnector; [0053) FIG 33

is aflowdia ﬂﬂl ofIGy 2 TRRISPEEHVe R ol single, gfreceptaglecAnticitce  with t he
invention; [Offpdd) FFIGs 25 M pagic AR iaw Sfmae&tmx&owaﬁwwm afofip! €

enbodi ments of a header

embodiment of the invention;

[0047] FIG. 26 is a side view of a column of right angle terminals in accordance with
another aspect of tﬁe invention;

[0048] FIGs. 27 and 28 are front views of the right angle terminals of Figure 26 taken
along lines A-A and lines B-B respectively;

[0049] FIG. 29 illustrates the cross section of terminals as the terminals connect to vias
on an electrical device in accordance with another aspect of the invention;

[0050] FIG. 30 is a perspective view of a portion of another illustrative right angle
electrical connector, in accordance with the invention;

[0051] FIG. 31 is a perspective view of another illustrative right angle electrical
connector, in accordance with the invention;

[0052] FIG. 32 is a perspective view of an alternative embodiment of a receptacle
connector;

[0053] FIG. 33 is a flow diagram of a2 method for making a connector in accordance
with the invention;

[0054] FIGs. 34A and 34B are perspective views of example embodiments of a header
assembly for a connector according to the invention;

[0055] FIGs. 35A and 35B are perspective views of example embodiments of a

receptacle assembly for a connector according to the invention;
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assenbly for a connector according to the invention; [00551 FIGs. 35A and
35B are perspective views of exanple enbodinents of a receptacle agg}qg@g%
for a connector according to the invention; -5 1 fi NOV 2006 WO 20 551

PCTI U820044‘Q;Ab§57(§13£5(}056] FIG 36 is a side view of an %&r}ﬁg&%@onbodl ment of

a connector accor the invention connecting sign P ween two
circuit boar di905¢lp 3f sy side;vipw of anexamply ebodiment okbd canpedoracdingdnt of an

i nsert ﬁﬁi(i@a-nh&aéome& r;tgtnm %%meeﬂws@cﬁchﬁbbs}u@ntlon [00581 FI Gs.
38A-38C depi ct exaa‘pI e Contact designations for an | MA such as depicted in

FIG 37; [0058PSHI dIRG7isa sidesview of iecyagipleamodiment efaminesremblded leeht of an

I nsert cording to the invention; [0060] FIGs.

40A- 400@%%?@1 aggogdm??@o véct'?&]dem ghations for an I MLA such as depicted in
FIG 39; [006[01)58]I @IG&:LB&;I%ﬁS@tiepwimupplecohtidtdcsmgxtahaﬂs for gmBML pa&ich asont act
desi gnatlon ECL acent contact arrays; [00621 FlI Gs. 42A-D provi de graphs
of rreasu ce for adjacent contact arrays such as depicted in
FIG 41; [OOG[QhSﬁI GFIGH39 ilepiidd Hew suivkifer Sxantpleepbudittiertiof Ains&Ombmied lead

desi gnatlons f or a&aacent contact arrays; [00641 FIGs. 44A-E provide graphs
of neasupEEMPREeHEE It vesliiiicent contact arrays such as depi ct ed in
FIG 43, [006@1)6(5' GBIGs 240-46E dBiet\ek&lBpI6 boisct HeWighallGRASHF SIBIL A sh@as

si ngl e-ended aggressor injecting noise onto a differential pair; and [ 0066]
FI Gs. 46Aepi@ed WriBGi 3 cross-tal k neasurenents for a differential pair

a1 Lt usrrart BT ARG RLRGET bhute (0P eRrd SR poR SpRatracitblloh e 15T 1o

fol |l ow ngdjat&amanm:tmayﬁor conveni ence only and shoul d not be con5| dered as

limting the | n For .exa heterms " "pbottom"
gt grloB8E R, 2h B R i of R et oot Bt ur cs o
whi ch r g s@ﬁu}ﬁsld&plﬁﬁdenFIG I4q:vm se the terns "inwardly" and "outwardly"

desi gnat e di rect i ons toward from respectively, the geonetric

center of thel0P8HerBe43 dﬁb‘ftéé’fmmnﬁl?{ﬂﬁeﬁ61gBQl3F°nﬁaPcheEPE@9§I°Ph8’%@P€F§t above
speci fi cagldet ARAYsi oned, derivatives thereof, and words of simlar

[0064] FIGs. 44A-E provide graphs of measured performance for adjacent contact
arrays such as depicted in FIG. 43;

[0065] FIGs. 45A-45F provide cross-talk measurements for a single-ended aggressor
injecting noise onto a differential pair; and

[0066]) FIGs. 46A-46F provide cross-talk measurements for a differential pair aggressor

injecting noise onto a single-ended contact.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0067] Certain terminology may be used in the following description for convenience
only and should not be considered as limiting the invention in any way. For example, the terms
“top,” “bottom,” “left,” “right,” “upper,” and “lower” designate directions in the figures to which
reference is made. Likewise, the terms “inwardly” and “outwardly” designate directions toward
and away from, respectively, the geometric center of the referenced object. The terminology
includes the words above specifically mentioned, derivatives thereof, and words of similar
import.
[0068]) I-SHAPED GEOMETRY FOR ELECTRICAL CONNECTORS - THEORETICAL
MODEL

[0069] 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
-6-



i mport. [00681 |-SHAPED GEOVETRY FOR ELECTRI CAL CONNECTORS - THEORETI CAL
MODEL [00691 FIG 2A is a schematic illustration of an electrical QcﬁrN&chsr
in which cdnductive and dielectric elements are arranged in a generally "
shaped 9eQuBLE0501885F h -6 1 6 NOV 2006 WD 2005/018051 Shia2/8834024676

connect 0rc§n&h%rsei¥9%b&ﬁed ﬁthéﬂ&s Sk SNSE A tecﬁ%wgl hSrdee s@sued A ih&d
descri bed and_cl ai ned S. Patent No. 5 4, entitled "Low Cross And

| mpedanc én Ben Pptent Nej 5E14éclt4f‘1' catitledhiTyoscEross And Iepedance|GostipkeddFlecitic ch i s herei n
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s and gr SOREIENAS *fgapéﬁamfss vertical argngameoL o "E?s CoR h936Y t om
edges of géﬁkeanpyoaﬁﬁwﬁéﬁr1oi{éme&uﬂ@ﬁvo%ra&ﬁal%&lwm&ias*ergwdﬁtpwmavﬁfgea open to the

air 24 having'an air dielectric constant co. In connector application,
t he condm?lqstmcc@mtemler@@ﬂ aa%mfimn%lc%ainéﬁésy%emaﬂly placed ghthe topapd beiemt o- end
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t ransm s slietretric aopstantds. thn@qoamctpr applicatien, amapaductdwoguunc&ude@wq sestiens, 26c wi dt h
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neede:zlI tand mt mcrj fﬁsZ&rdbﬂbﬁtﬁcﬂﬂﬁGil&;hﬁ@tﬁ?l ﬁmﬂpeamte Bgtéﬁwgdsxineslapmmﬂg%xghy UE : tG y
ustrate e ne an | n

A are oshiBovarl Reigh o Ak iafh vy ghatols (S QB amdhasngtic, Held Pkl

equi pot end ipddjdckR@ofilabts eoﬁgimm @)@bcﬁfneﬁﬂaﬁoxﬂ%@ e BbNBRonARA thetaliOWw] Geedell out
towards the boundaries A and B, be seen that both boundary A or

boundar y tEmiyimize jrigsferencgdsyenyd A md B MHH@epapremméﬁly urigy @s fHugisaied indtIGyi r t ual
gr ound synhaces exi st at each of boundary A and boundary B. Therefore, if
two or nore |-shaped nodul es are placed side-by- side, a virtual ground
surface exi st 0Btk wEbmnlinds 80,32 34,86 aad 38 it Ge2 Makd equipotantisls ef valtapein the

i nt erni f th | fiel | .th t d
i el ect r f-diglsis At cEAkhe T capRiata ipE RS pRe of e ettt Beidsangfitfoudg’| o
Wi dt h wd jtQut tdkdsehdbduabBaries Aband B, Gt willbe GeenliRt Wo i boasla¢ Ardr baletiahyes are [ 00721

G ven the nechanical constraints on a practical connector design, it was
f ound 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 t;, t; should be small compared to the dielectric width w4 or module pitch (i.e.,
distance between adjacent modules).

[0072] Given the mechanical constraints on a practical connector design, it was found
in actuality that the proportioning of the signal conductor (blade/beam contact) width and
dielectric thicknesses could deviate somewhat from the preferred ratios and some minimal
interference might exist between adjacent signal conductors. However, designs using the above-
described I-shaped geometry tend to have lower cross talk than other conventional designs.
[0073] EXEMPLARY FACTORS AFFECTING CROSS TALK BETWEEN ADJACENT
CONTACTS



in actuality that the proportioning of the signal conductor (blade/beam
contact) width and dielectric thicknesses could devi ate sonewhat nlﬁcNﬂNtzmﬁ
preferred ratios and sone ninimal interference might exist between adjacent

si gnal co a&gﬁ osfovever, designs using the above- dggqR S%gmitﬁshaped
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[0073] EXEVPLR ACTS -7
1 6 NOV fmbeér mW@D@ﬁ/@@Q@ﬂEdUMT@@S@OW@Qd}&MO fé@emathe how tceven fiatheelimitt h t he
i nventi oq [ rther .anal zed a nd
expanded" Bsscggr:&gg eeﬁ aé)géen{;s’ aﬁorggct? é‘tef Igthr%aﬁséen %el(jes'\%gﬁw?eglﬂfehcé)f‘ Fri

cross t abykddmimmeg\ axaabpammte asraggahem: anid geoinstry ef/the siignaltahé grdnaé wﬁaots‘ s hi eI ds
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oot 1yFISF 2BBARfes R sonediplgh B yAliRs O B hbGeR s SR aftie JaLEmabsEht our pl ot
of vol taaiefeteﬂmn rs%nmlqdaqu ShascontacBdiradfdnhehe o LedgANMPorR S andirb iRy Bhfab® !

si gnal pal r In a contact arrangenent of signal contacts S and ground
contact s a@%@e& Fathe i veRtian, dhs showp copiqur lines 44 arpreloses i ertp voltsseentowr liges

cl 0sest parg BfoSesy ) tl%olt%ﬁtce%uﬂ lid?:@% aﬁ%lo@és?toqloﬁﬁtﬁlt h& bedn M&le e%ﬂﬂfi cont our
lines 46 are closest to +1 volt. It has been observed that, ough the
vol t age dthesghtbe voltage doesnat peagssarily godp @eratat the Equiefli ddfferential slgrraépaxrsahat3| gnal
palrstht feren W th the quiet
pal rs i S%ﬂ 853%&&&@@5&% tpta(? &Qﬁ]ee}f;etrén%? ngﬁ‘h{e %peli'ﬁall‘s 1§s ‘f:’\lé r% C[%at ’ttil??/ e- goi ng
qui et di v‘/dlﬁgemﬁpmgmpm the@bgneé-gmng\qlaettdlﬁferexahbpm slgnﬁl smm:t wboﬁthﬁe saﬁietaage

i mpi ngi n negat i ve- goi n ui.et differential pai si cont a

Cons equelie Pgitaee Traingige o8 Thsneeniveckping auit diferauiplamin Sinal eonislt Reoraeciih

vol t age heh¥Resn theQuikopdit, Which igfié d'il*?éiéﬂcb Wevol@pé W&rﬂﬁ@b@sltwes artd epRtived Zer o.
[ 00751 Thus, .as shown in FIG 2B, the signal contacts S and ground contacts
G can begolggzag@éﬁ Brfdoss &3 74r9-oned relative to one another such that a

differenti al al f h@r i gh
freld Hin't SO0 IR 8 shivtn G, RGN corflo PandRbind oL R 1 31 |,
(i.e., cicokd and)pg:rtlomadmblqmwb ecnmaadn))thf:n saclgthiat z(élffametlalclggaburadirgdu&wntml ) near

o o ol 4 Prviel B nep g AR R e den Ve R ooy R R PSRl and a0

appl i cat jot(i.e.| Eloset6 Rrovad ps&hﬁHJ)Sﬁelﬂ nq‘clbsewegrdnﬁd potemtial )l itakarbafjavermsighd) acent
signal contacts can be Iinmted to the paint that the need for (and cost of)
shi el ds PRk esequentlys 508s talkietween adjacent sigpal saagts cande dimifed t‘l’]?"@ﬁl’%‘ﬂéed hi gh

si gnal i plagfdrthe lﬁﬁ%la?gﬁﬂlﬁﬂéon [Igwmcomgwmeflwei Bdrodnak veiwdePhdjhddAt

above-descri bed I'-shape It has been found that the unity ratio of
hei ght t9gnal deritactsscan be ligdted ta the paint thet the naeid rf@t(axyie@sta@t) shieldy befwegnsasljdsentn

N Mhtel 5 e BBl ek Sioigbhes, (oL Dot

bel ow, t hough0016]i sThasighduntiser anhlysisdf thdaboee-desyribed 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.
A number of such factors are described in detail below, though it is anticipated that there may be
others. Additionally, though it is preferred that all of these factors be considered, it should be
understood that each factor may, alone, sufficiently limit cross talk for a particular application.
Any or all of the following factors may be considered in determining a suitable contact
arrangement for a particular connector design:

[0077]) a) Less cross talk has been found to occur where adjacent contacts are edge-

coupled (i.e., where the edge of one contact is adjacent to the edge of an adjacent contact) than

where adjacent contacts are broad side coupled (i.e., where the broad side of one contact is

adjacent to the broad side of an adjacent contact) or where the edge of one contact is adjacent to
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others. Additionally, though it is preferred that all of these factors be
considered, it should be understood that each factor al one, SNUV 2006
suff|C|entIy limt cross talk for a particular appllcatlon Any or all o
the foll O\Awwzof,g@ltsggls may be considered in determni ng io%’d gergont act
arrange r arti.cul 0 Si 0 ss tal k has
been fogﬁlgtbf %ose(%f? af Adjicen gao i g ti%‘[eéﬁl egéer%o[ugg%]the ?é LHP egé‘gn \her e

t he edgepsif’s eletricalfichwili a(t@djtmaai arf Aljdcbret paid gad ok 1@@ tovelirdsthie tmigtidighet ) t han

wher e adj ace t contacts. ar si de coupl ed (i the broad side
of one ¢ ‘é@l rafig o &Gﬂ&ée’ﬁﬁ' t}’dp?‘ﬂge%?t&& eﬂlé"%‘f“e&‘ﬁr %Rﬂl‘ﬁ%t&’i‘tw‘i\d’i‘ﬂ’%\@t) or

wher e t hgpegl. BleOERpERAISEAlldws fBindll aptvﬂdths Betveéd iy onnecWr, and
2005/ 018051 PCT/ US52004/ 024676 _the broad side of an adjacent contact. The

tighter thwefasHiaeciheprhisngmentf desimbleimpedageslereds igy fgﬂwontqshﬂqnsw ANBERLPTS ¢ g
field w g el ?M%gr?c@ma@%Mallﬁ@bﬁrﬁ«ﬂﬁdag%\ﬁtélfsﬁor eSl%ﬁ@;?m,z% {d}gyc&&ﬂ' ty

hei ght - tovm rati o t he ori gi nal ape eoretlca
connect ofouafbmat & gép ofrabeirt 0.3- ﬂdr\ﬁmntlsadeamw toax:WIddEalgelpcdmpt pﬁ@oat H® cdindsows f or

|1 i dt h t t at th
Sont cvoniReshe toRRcREERR BHNAL Wl £ BANG bRl mB ek Uiy WAL e SBRES (1
wi t hout t:dsmadtmelblfo@d side aémédstorablaéveahesamcimpmhée tHigpeodplinglald dapilthtes y. For

exanpl e, has been . found that a a bout 0. i s .adequate to
provi de W"S%éﬂ%ﬁ?fé‘”é‘lh e’@dmref%mﬁaa ‘é’"f%be’ﬁ%}qfﬁﬁ %ghéﬁ@ edGe coupl ed,

while a gapnefcopibiUbgidndlBld;s necessary V\/nere the sane contacts are broad
side coupled to achi eve the same | npedance. Edge coupling also facilitates

changi ng cont 878l bt h, It basalserbesrfosndthatgsospitalk pan beceflenidvely reducsd byvemings
t hrough H‘f L%%{:trrht?o ” f ?%P Eeﬁm &9@'&1@& tEF? le 0 di i eberh'ggrz ﬁjaég)it Joﬁunlﬂ'ﬁzt ol so

been found crdss talk can |ve y re uced by varying
"aspect ﬂmtgapbétwbmadjadeetqoatabtsmingaiumunm tch (i. t he di stance between

(0075 ©) Thel00ilalor G- RRedRER L RIRERS e SRR ok e o

al so  r eghda& thoRvbifetosotalle 'Tgsis] érbis.taltbad be effectivedp Bmitad Wherdthdaggmaf f ecti vel y
limted where the signal contacts in a first colum are offset relative to

adj acent CQjitagtin acftsﬁtcablf@ are0 st Exlgtive daadiacent sigmal confagts AR pbacsnt iyt ey
be, for %@&H&\Eﬁ ofoffédt Inay 9¥Vf91' éx%gfe' a Sl o pRER(GE dREMVEEIWRL] RERBAt T OWs) ,

hal f a row or any” other diStance that results in acceptably |ow
| evel s ofovcsb dxalsfatrawrpltf:h;roraewtho;rtdlstuwathawﬂﬁecm agceptably dow levelsioficrobstalk fHound

that e, SBkLITR R L35 e dER oA, i Pl TEfhe ShmbAHEY RpefliSh aHimbY

pitch, & nat s rc constant(s)
of the i ﬂﬁwksetsudhgas nalhﬁmlp@dcn Idw pitch)nitk shiyse dfehmmhﬂs,_ahdthe&i(ﬂéﬂnheconbtantKE)S al so

g? ? gnf ? Egglg%?n%h?h&e m tggglkqgg}oaﬁé {l}sqgémﬁaﬂsg B{J enecﬁg.sﬂ'illasl Xlso been on}n(c:lrghat thé}eS was

optimal offset is not necessarily “on pitch,” as was often thought. That is, the optimal offset may
be anywhere along a continuum, and is not limited to whole fractions of a row pitch (e.g., full or
half row pitches).

[0080] FIG. 3A illustrates a contact arrangement that has been used to measure the
effect of offset between adjacent columns on cross talk. Fast (e.g., 40 ps) rise-time differential
signals were applied to each of Active Pair 1 and Active Pair 2. Near-end crosstalk Nxtl and
Nxt2 were determined at Quiet Pair, to which no signal was applied, as the offset d between
adjacent columns was varied from 0 to 5.0 mm. Near-end cross talk occurs when noise is
induced on the quiet pair from the current carrying contacts in an active pair.

[0081] As shown in the graph of FIG. 3B, the incidence of multi-active cross talk
(thicker solid line in FIG. 3B) is minimized at offsets of about 1.3 mm and about 3.65 mm. In

this experiment, multi-active cross talk was considered to be the sum of the absolute values of
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be anywhere along a continuum and is not limted to whole fractions of a
row pitch (e.g., full or half row pitches). [0080] FIG 3A illust r?@@ﬁV?ﬂﬂﬁ
contact arrahgenent that has been used to nmeasure the effect of off

bet ween ad] n | utTms on cross talk. Fast (e.g., 40 ps) rise-tine

di fferentiwﬁg%‘&&‘gﬁls were applied to each of Active Pa?‘?%’ﬂszﬁ?j‘é"zﬁc?fi ve Pair
2. Near - 8798 talkdtom sagh ofpActive Ryr 1 (dashed iae i &+ 3B handedctive Pajsi24thipgglid lineg whi ch
no si gnaly #es 38R PHhRdit hahekh S AR adAc AP LNRARS cADe ISR ; i ried
from0 to 5.0 m% Near -end cross tal k’ﬂ%ccur S m%%n_ﬁ%?siﬁlygﬁé#%%lce ?)neat he
qui et pairother gpiik ancopsimupelevel ©f etog tall bebyyeen adjscentipairs (showt 1.3 npwiin thif 0081] As
shown in ?plﬂgraph of FIG 3B, the incidence of nulti-active cross talk
(thicker solfifd’line in FIG 3B) is mnimzed at offsets of about 1.3 mm and
about 3. 65 nmj0082] d)hi sTheoyphrtheeiditionwfibiter grotndes. e nthespladeniekit ofgow@nsi der ed
to be the sum of the. absqlute.values of = -9 NOV 2006 ) 018051
PCT| US20 69135558 PHerppties %?‘f@dPFS‘?hcg%E&% CB?"’R&#%%FW °I°‘tsd>’:1€ ﬁ\ﬁgﬂ rp?ém n FIG
3B) and Aglechd rob¥talk (BFEXTT)taf B¢ Riffthet re@ucedn FI G 3B). Thus, it has been shown
t hat adj acent columms can be vari ablg offset relative to gne another until

an opti mum | elP8B3lofe)cr dbhastalgoibe abthataplingdht copiactsdi.¢ atsduring the abselute n t hi s
exanpl e) ginldlA8aslordhe doMER U hileRes gtthé?f‘;ta@ﬁorﬁ&ﬁa‘? EncﬂééBH{}ﬂ-ﬁy relatiGnshiph N€

pl acement of ground contacts at alternating ends of adjacent contact

col urms, piewides foe increapedl eontpstdensity(i-¢.; EEXTMperaigontacss pesiigearinghy withpwt (' TEXT")
can be f red. X " n found that scaling the
cont act Sh'({\%eggij’af@%ﬁ%ﬁﬂ%alt&ﬁgﬁ;cggéﬁtﬁsgpsa@tﬁ%ﬁo&%ﬁ@ of the contacts while
preservi ng t hp84]prBycurisidering argyrut all @btheser factons£d ednnedtarttap be designed dess f or

I ncreaseq .contact density (i.e.,. the nunber ontact,s per |inear inch)

wl Chout - SelGB e B Eiae (e BngeBer o1 2 1R FRbeBedde Bo et e 1 Cbs
connect 0pnd typieAf] abBkt RPOBA@nirthicfi¥nsverin th@hbsbmR Ve skhislas BétveerfadjRBREC! OF
can be designhed that delivers hi %gt performance (i.e., low.incidéence of

cross t aFgafactshilyghouldeadse beaingderstopd tat sueh eqnaectars apd techniguess whirle areicgpablscnft 10
Gb/s) co ' O | ' Lacent

cont Zact S W@hﬁ%ﬁ@%ﬁi@féﬁa t(): gﬁﬂﬁgg ﬁéﬁ?ﬁ%ﬁ%&?ﬁ(ﬁ{:&ﬂ gﬁbg’grn%g%% ?ssng%k %: echni ques,
whi ch ar eccosjjoreggtb ¢heafivention hah egn showim, i wdrstTpsedesting stanaricsta loave neaxread al so

useful at_ | ower egds. ect.ors .accordi ta the inyention have been

ahown, | FORPEOf RS ER g ios i diriene SERE ol o BbiaPol ME B AGREO R r | s
t han abogte tRfie, with 6358 mated sigh4l$aird For kin€dr ilchS SudhhcdRnéddéts tardiPéve aiserfion Mssesecond
rise tinme, with 63.5 mated_signal pairs per |inear inch. Such connectors can

have i nseflessdhan beuidy7 dBt QHZ, apd impedersgimaichyof about1 08 gxohmsTaeasirgd dbic e
mat ch of 4@hRidecofdise finRs measured at a 40 picosecond rise tine.

[0085] FIG. 3C depicts a contact arrangement for which cross talk was determined in a
worst case scenario. Cross talk from each of six attacking pairs S1, S2, S3, S4, S5, and S6 was
determined at a “victim” pair V. Attacking pairs S1, S2, S3, S4, S5, and S6 are six of the eight
nearest neighboring pairs to signal pair V. It has been determined that the additional affects on
cross talk at victim pair V from attacking pairs S7 and S8 is negligible. The combined cross talk
from the six nearest neighbor attacking pairs has been determined by summing the absolute
values of the peak cross talk from each of the pairs, which assumes that each pair is fairing at the
highest level all at the same time. Thus, it should be understood that this is a worst case
scenario, and that, in practice, much better results should be achieved.

[0086] EXEMPLARY CONTACT ARRANGEMENTS ACCORDING TO THE INVENTION

[0087} FIG. 4A depicts a connector 100 according to the invention having column-
based differential signal pairs (i.e., in which differential signal pairs are arranged into columns).

(As used herein, a “column” refers to the direction along which the contacts are edge coupled. A
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[ 00851 FIG 3C depicts a contact arrangenent for which cross tal k was
determned in a worst case scenario. Cross talk from each of six EWM@
pairs S 1, S2, S3, S4, S5, and S6 was deternined at a "victin' pair

At t acki ng S2, 83 A4, SS and S6 are six of t ar est
nei ghbor |, ng%pél 5/(%?5 farg}n pair V. It has been determp zﬁQyozfﬂg

addi t i onalo™af'§ Rrpendisylar i g ealuma) | Asshovyn,cachsolmn 401 -#06semprises [ orgerfiam s S7

and S8 i g rtsgbﬂugmﬁst difTereIRighAGate! LBt dralnld coB&&tert b&céﬁ%dlﬁ%ﬁpﬁaﬁfmgﬂg ghbor
at t acki ng pa| rs has been determ ned by sufm ng t absol ute ues “of the
peak cr oBain.taad g s¢conderonah cfduetae ft»‘a@anéw sgemi st @é@mé%l eaeRrises érhorgeri from s
fairing RO | oyled .be
under st 0o t Egtttm{i'hl S |%ffgﬁﬁlggh%§secgl§§%negr§ ,al g%&“%ﬁﬁﬁ” asmg?égtﬁ?%e nmuch
better r gsnuhd sorghctat @, Heecondhdifforeutial S0 Pair Mmgmmommws

o the | RUHEFEIR HRVIG Brakionts- Elshetiin 0 arERlq amEisgr apms o T 0

whi ch di f:cfrﬁlﬁﬁﬁisl@J Rewg4Hl andad1R Sogether enipaisg sifl différentiabdigial pairs, ar(d%wbsw
her ei n, "caolum" refers to the di rect.ion %I ong which the contacts are edge

coupl ed. mSlSt%eﬂl%CW%’@e eRg) difistsntial st nﬂcﬁ Trerow4 b3 aer16:of grpund g

per pendi gdfld@toksQinit @r@&s“tﬂm betwiten BRQT¥Ral 2E th ©Rk ‘4'1'114‘11@411&54@ sigRATRAIrSASows N
order from top to bottom a first differential %na pair, a first ground

conduct ofl4-415 e[é dhecerehodiraens ghavgl indilGdA, ar, p%ﬁefnenbﬁf £oBtaets inlo g¢19mn%ican
conducto e top to
pot t om _roy{i sl SRRt e B, A0 CoriHBY i T6 g LA e chRks 77

and Si -, ca Hamate relgti iy Brgeo (mopaed tcxhose is @ecomebctdr hivengesitieldd). Therafote, peas r
conpri SI nal condu rs,S7+ and .S7- nd a second ground conductor G
Each of get 1pacHg ™ ﬁfféag ?‘Fﬂtevgg"f%gs'ﬁfjﬁ‘?‘&?‘faf’? of ground conductors G Rows
411 and 412 tﬁoss]hem@smwmm épict dbirfebtoRHotorling t@thainvieAtidrSthatdnchidedifer 514
and 515 together conprise another six differential signal pairs. The rows

413 and goendst Afrshown in BiGh dBe &foynd capfact G carshe plaged abeacttéeﬁot ¢76h SPIUMAY pai r s
in rows %&%@%ﬁl&%@é 488 SbeHBonB& ¢ Sarl B JIRXV8 at a‘iﬂ:ﬂ‘naﬂﬂ?end@ tsftcgs‘ceﬁmwnt

shown in arrangenent of 36 contacts into col ums provi de
t wel ve dithasbeentfowld thatglrrﬁaplactmentsof afmomdsentadi&l daltemeting ends ofiadjagent of

shi el ds, _the contact s b lLat i J. those in a
connect of A T3 %Hn 3[382 reduf’ﬁg? glfqg?%f af“%e%ég% )é%drlllglte ‘8#@@2@ oglg’arr?géd%d to
achi e\ée Ech@tedexﬁhdi/ﬂ@ a dm&dﬁdiﬂﬁger{l@@ &rlﬁﬂ.ls bihesviseiBe sdle, %ﬁt wikiph hishrmmaaeattaf S
according to the |nvent| I nC out er ro 0 In FIG 4B,
a gr ound&wyniss dthagatsg be °BP£&‘ébbaé‘Pa ?lsaé‘tf’de%‘fltg ?Pb}eﬁﬁ‘hﬁmuﬁ tehown i n
FI G 4C, ﬁc&ﬁéﬁveﬁ%s&mc%tacgaﬁ%mleﬁdsmfe@eeﬂc&ta@talﬁlhﬂaéslsﬂawﬁﬂmooﬁsadj acent
colums. It ha een found that the placenent of a ground contact G at
al t er nat Conseawently,ot ispu¢ferced-to P13§9 putengrownss at altgrmating ergis of adigesat ¢adwmsHINNEXT and
a 65%re
2 angenCiapt oitrbdls bl B3 TRRLAE ol dbofipees B G buld Pt Ap ARL A

both ends of every column) W1thout increasing the level of cross talk.

[0089] Alternatively, as shown in FIG. 5, differential signal pairs may be arranged into
rows. As shown in FIG. 5, each row 511-516 comprises a repeating sequence of two ground
conductors and a differential signal pair. First row 511 comprises, in order from left to right, two
ground conductors G, a differential signal pair S1+, S1-, and two ground conductors G. Row
512 comprises in order from left to right, a differential signal pair S2+, S2-, two ground
conductors G, and a differential signal pair S3+, S3-. The ground conductors block cross talk
between adjacent signal pairs. In the embodiment shown in FIG. 5, arrangement of 36 contacts
into rows provides only nine differential signal pairs.

[0090] By comparison of the arrangement shown in FIG. 4A with the arrangement

shown in FIG. 5, it can be understood that a column arrangement of differential signal pairs
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grounds. It has al so been found that basically the same results can be

achi eved through the placenent of ground contacts at both ends of faggh
contact columm, as shown in FIG 4B. Consequently, it is preferred" %Izqgée
outer grounds at alternating ends of adjacent colums in order to increase
contact deMQABBative to a connector in which out er PGFESALRI24676 pl aced
at  bot hresnlisinafhighee dgnsity bfisignal vértipta than doss e asv amganghmehte \Holwewér, foroght t al k.

100891 Al ternatively ) in_Fl i fferential. si.gnal pai. y be
ar anged 41t EoMnes i amalEa AR ABphey catae v PPN St pali el

r epeat i ndengthglend tleerefbre; sueh diffanerdial sgmatlpaitsansy lanelintraghafrfskevenSindlarlyj gnal pair.
First row 511 cona}fi ses, .in or.%% fromleft to ri %t,. two ., ground conguctors
G a di f PERESTER] ofsiegainairy ite elier rowsor colymas may reghls initer BA Sarobesase oRow
512 conphfieshfferem cahdlRtor1éngthslot bifffetént iflBithtial dighhlifafts E0hsAlt sBdulBe pai r S2+,
S2-, two ground conductors G and a differential S|gnaf,pa|‘r S3+, S3-. The
ground cYRdRnEeQst thathalthongh arsangementiof sigeal paisintecoliemnsresyits ied highr centagtn t he

mbodi ' . . L d
gnl 3 'nim;gEn | ,?Aé‘(;h%é?ngﬁ'lg}“ the sigfd1] %ﬂ&ﬁf@{b%ug%%}&%%%%ﬁoseh B Qnd ooV des

C
Ifferential sign alrs. conmpari son of the arrangement
shown i nappl@atiehA with the arrangenent shown in FIG 5, it can be understood

that a col um en i ential _.sianal I -11 1.6 NOV 2006 WO
2005/ 018051 PP @%%?@%ﬁg’ggﬂl?ée‘éﬁ‘? %é‘?aﬁp%{%h% anBEd intg foys OF oSy eyt act s
t han do|e3if&rdfn¢iul signabpegehg rathd:ifférlamdj/ﬁr?pedME_Zabqh(ben mlegbsit_imnh &@dt%r_rs]?crahﬂ anged

I nto col ums, contact wthin a | erenti .Sl gnal. palr ave | er ent

| engt hs, NEBAGVE FFH’QE‘FtB‘r §s- of E}Lenﬂﬁ?rﬁwﬁ Sigp aﬁlr-zﬁgﬁa%tlwgdwg 1slefined asthe;- pai r

skew. Si ifheahhdb exisBhg BEFEHRNo sifnaBdoaBdhorP 8 the sinfll & ffefehfiasigh@irO4t 2C0! UMS
may result in inter-pair skew because of the different conductor |engths of

di f f er enpatirglarnoinitaiong the lgngth opthe differeptialsignial paith G\d ig wisH knewinidt is desirablehat |
al t hough Y i ' | - N gher.

cont act ASRABAEE el hBRBnebZ) ol e RRMIS of R Rjceludicl ML can
be chosewhiohrthd domngrdortis cannected. ddptching thealiffergrdaPinjpeRawaiZd keths impedahetdfer t he
signal pajrs are arranged i.ntq r or .colums, each .differential signal
parr has SCHERAEYiEH A aRAl neflecton sdlen Py oS e san BERLRNET Sx+ and
negat i ve syufndlbaideidtXFurtierhére, il isfdesifa i tb @bntfol gHeadiffdtantial inkpedhrie @ sichl that

i npedance (is _defined as the I npedance existing between two signal

conduct oitds $bstaptially sapstant plopg thstlength ofjthgdiffersntial siggal pair, iparsurle thrtgack oj nt

al ong theg; - Of I, f ' 4 : ' 'n‘ﬂ%d. known, it is
desi r abl glffef%g%ﬂ(}rl#ra %‘Fﬁ?ﬁag aéltlﬁﬁlglgﬂrllﬁog %?Hntgdégg?fg{eai ko tg&ﬁgjﬁz le't he i npedance
of the el ectr[0892] dBh diff¢rential impedandeipréfile ban bemonteliedibyithe pasitivaiged theVat chi ng
the differential inpedance ZQ [0t . pe ce of electrical Vi ce

i i m 2o S B anE ErobBY RS Satada g e b elines | R It over ar
syst em bgiestishicl 6f anfedpé fsignal eandidtor te anl edjaceabdgrouridand dytthiogaptieavednlclgusonit i al

- nce Z h th
| pedanc gignzﬁ cg#d%ctotrs \?/fﬂﬁn a differential signal pair.

[0093] Referring again to FIG. 4A, the differential signal pair comprising signal
conductors S6+ and S6- is located adjacent to one ground conductor G in row 413. The
differential signal pair comprising signal conductors S12+ and S12- is located adjacent to two
ground conductors G, one in row 413 and one in row 416. Conventional connectors include two
ground conductors adjacent to each differential signal pair to minimize impedance matching
problems. Removing one of the ground conductors typically leads to impedance mismatches that
reduce communications speed. However, the lack of one adjacent ground conductor can be
compensated for by reducing the gap between the differential signal pair conductors with only
one adjacent ground conductor. For example, as shown in FIG. 4A, signal conductors S6+ and
S6- can be located a distance d, apart from each other and signal conductors S12+ and S12- can

be located a different distance d; apart from each other. The distances may be controlled by
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it is substantially constant along the length of the differential signal
pair, i.e., such that each differential signal pair has a substantg 9ND\V2006
consistent differential inpedance profile. [00921 The di fferent i al 1 nmpedance
profile cagydmospgssiol | ed by the positioning of the sigagy 27pund
conducto C I | r

o oxi m ¢ PR Wi e nal g RIETE 2 orﬁ%’ﬁvﬁd%ﬁﬁlﬁaﬁ%ﬂﬁ@? 0%5%3 B | e
gap bet wSé+ adif®i- Q&herscgﬂa&tomrﬂdwshmmﬁ ztldmg"thadtﬂebcftlbﬂbemb icalurr). gnal pair.

[ 00931 Referrj again.to Fl the differenti.al a|r rising

si gnal condu@g?]sg%g 'ﬁﬂ"tfngga“g%dhl“%’cséﬁ %c"gﬁ‘i%pgﬁ?mf’ﬁ b‘{) ductor G
in row 43asitioiey ofthd §igha hd glowsd @hdhctdrsl Speeifivany, single eﬁaam{peaﬁﬁeisct ors S 12+
and S12- is located adjacent to two ground conductors one in row 413 and

one in r@tcumined ythe sm bwesn %%ﬁﬁé%‘t“é\’%mﬁ e g a@a%%gmg% utiBele spdedct or s

adj acent %dﬁe&hs i@ L EMe 'uﬂbecﬁh&rlﬁtsnﬂé‘b&wte& i Bt Grub BP 2% ndTRL hi ng
probl ems. Renoving one of round conductors typically | eads to | npedance
m smat che@’twﬂattpomt@mmeéhed@nsWn eeinglo erded signal copiistarer, the | ack of one

adj acent grou n gap

bet ween t he d@? %O ﬁlgﬁﬁasﬁ? %&ﬁ%&?ﬁ@%’ﬂ%‘%@g‘?aﬁ% (}t}%&of f?\’? §%h3 %‘é&“él Ehac ent

gr ound csymhmm, nns dd§mabletoamptrel the@gapsieovgen iconthdt<io within 8 feynthbusaaditisiof ar s 56+

and S6- Jatege (g ta ced, t .from each ot her an nal

conduct olEnSEaR varrions bevondn Fop o FaRER < iefivibes Eitee 1 WachrBRO YR 1 ¢ om

each ot hgfthe dehcet ealo%yerbme@éuabfaslblvadatm is debéndenforl NGl spedd @esiRd V\O

2005/ 018051 PCT1US20041024676 nmaking the w dths of signal conductors S6+

and S6- Wiesaer rtparcenitblaiand Rberdesigndaeiars.conduct ors S 12+ and S 12- (where

conductor w d S ] For
09617 (RS AS 000 g BTl hats ah(P oGl Uifhtys iy VA

si ngl e ended single controll'ed by
posi ti on'r::my cohmtxmftgngmwd 1saffdetg‘1rommdh edjactuteodumsn. BppafTst isaiehgu,recbﬁmghn ended

i npedance et er d et wee .gnal .,conduct or. and

) acent SR AETI B° st tr of BB soeS R Sherr e 6 iR RRuiEn a8

exi st i ngadpettwatidlofoohingipitchee papwide, adshdwaiDEIG! 6, &tp/x Itfdas béenfoid thstiaat al ong
the length of a single ended si qnal conduct or . [009 To mai ntai.n acceptabl e
di f f er enf§P5pt r?ﬁ'ﬂ)‘éﬁf&ﬁ?fes ¢&n ¢ colgmn pitel Oytrengan iidthlis adequate to pufficiertlysi r abl e

to contr Gt dasss %P whE WRED ERR AC 4150 §t£gg\efeahme?e tilewhmﬁyﬁeﬂgm@ Bleddm 1 nch.
Gap variations beyond a few t housandt hs an inch may cause an unaccept abl e

vari at i oaspe¢tiratichef abaptefdthhisdesirablei | e; hovvever, the acceptable variation is

dependent on sSp r ﬁﬁﬁ o) r design
factors. [009 6'EI GE Egesgﬁ%é\gs Sg\ﬁe lgé E%‘/eﬁg{gq%? § ere ?1 %Effoeg%‘ﬁ% aagg‘l’er ésrggsnd
ground cealit eeetisinglin why ganticubax¢érminal canmbedimiteditora tevkkthatds adeeptatile forake each

adj acent pgx%l:&iar}n conr-lrerg: or%fp;];hsc%%lon Ad'Shown i lglé { Oggcﬁ Column is offset from the adjacent

column, in the direction along the columns, by a distance d. Specifically, column 601 is offset

from column 602 by an offset distance d, column 602 is offset from column 603 by a distance d,
and so forth. Since each column is offset from the adjacent column, each terminal is offset from
an adjacent terminal in an adjacent column. For example, signal contact 680 in differential pair
DP3 is offset from signal contact 681 in differential pair DP4 by a distance d as shown.

[0098] FIG. 7 illustrates another configuration of differential pairs wherein each
column of terminals is offset relative to adjacent columns. For example, as shown, differential
pair DP1 in column 701 is offset from differential pair DP2 in the adjacent column 702 by a
distance d. In this embodiment, however, the array of terminals does not include ground contacts
separating each differential pair. Rather, the differential pairs within each column are separated
from each other by a distance greater than the distance separating one terminal in a differential

pair from the second terminal in the same differential pair. For example, where the distance
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edge of a termnal to the sane edge of the corresponding termnal in the

adj acent colum. The aspect ratio of colum pitch to gap w dth, a$‘8_5¥m“\'2m6i n
FIG 6, is P/X It has been found that an aspect ratio of about 5 (i. 2
mm col um o s{+ ™M gap width) is adequate to suffll,@:lrmggdoy,ouk%mt cr 0ss

tal k when I E{qu&g

staggere(?% ﬁteglg déc[ﬂwpg%?%:ﬁg?&é out” 8 1%817 |ths esl rg%fucaﬂ %I rH{%rie]%[l%si{zi'g—escr| bed
above, b>bedf“"f>€;e\thermlj+xlﬁé>%(bl Utrhas beenfeuriddhat Isuchf spaging alsaservesdo rducescrossal k
occurrlnqd(n any particular termnal can be limted to a level that is
acceptabl’'e for the particular connector application. As shown in FIG 6,

each col y0099i s EXERPLARYOGONNECEK)RS¥STEMSAAQOORDINGt TG THETRMENTION ong t he

colums, by a a d. SeC|f|caIIy, C. lis, offset fr mcolurm
502" by an_ ot £ 40800 BEG, 10 2 $8SEestivi e s PO Ble e cmieaH Rt AP o

di st ance tkb invéhfign $at fsWidebred §J 41kigh §REed cle@titdBonrectof Gvﬁéﬁszs'i%i\ A donABucists BE£Nt

colum, each termnal is offset from an adh‘acent ermnal in an adjacent

col um. méfferentiahsignal pair Bave a substantiglly egstantdifferentiyl impedancenigng theyength of of f set
from si gn@l g Fth@fnt?ag Gighfbalrn Adishdw PGS, Rhheckd? %O?’&Jﬁ?rgéE il g gﬁétl@ﬁ gghown.

[0098] FIG /i strates anot her configuration o erenti pairs
wher ei n @adhsecond seetionmB02. First sestien 84 iptleetgrallyaionndcted to o fisd placteinal dewiceims.

For exanpl 701 | offset from
differ eg'%lg?‘mgs:lecrlt%oncg({z 1?51‘8%]%&‘1 o{ed g:g‘%gmﬁakéﬁqpaé d%"fl%f’ncg g’ nthis
enbodi rrembnnebm\xﬁy,betSMT,aRIPaspld_nf bztlbgrrd ambrsprel@efﬁ ot@ther sm:lhwdmegﬁmnd contacts

separati hdlfferentlal alr..Ra]'E)v10 elglfferentlal rs W thin
each col Y% suchfopngelgns ar¢ GoRveRtiona H’é‘?"t‘%s VB SPRYFRHRO F1%han t he
di st ance ssRRRRIVEE cBRR LS pihslMowkver Such EdnBE@dhi ﬁhy hiidther E&mntgfb%w&%ﬁond

ternminal In the sane differential palr For exanple, where the distance -13

1 6 NOV zewctlm%@rs@a@gmw@wi@méamgné%cmmcwéy eannegted tagethérn each
diff f f b
oS <1 ooy Rflgichy onebifoe e ARGRACROR} 810 Bl il Aiedrg s 2 be
reduce cross [al8lKk. Aﬁ@ﬂg&] seEXEinsé\iﬁ‘dn&O]\lNEﬁﬁi@Es SMSHM&WISBB EfehTHE

connect oMbt EagpERss Ak Al amair D, Aschar divardie ol Frdprieong

el ect ri CalodaRE 8Os st eadiBloG0IB 865 EdtApriseOHd H&IdQEtSrSCXBOGhovﬁBv&f efyetiimtat o1 gnal
pair have a substantially constant differenti al ng)edance al ong _the length

of the darqdples 807 and coadygters 83xmay bowsed ) Begend pectiprsB0comprisesplutality €00
CONPY T S€Sydiulel B8, BRAHRICEE cofPfised a SRR EGThLRR $102 AsShawd, 8&k1 on 801
is electrically connected to a first e ctrlc devi ce 810 ané second
secti on 8&2ionh 8§02 taupnises sik modolss BeGandeactomadule8¢ebmyirisest six caniductensi8de; 812.
Such connecti ons ray, press fit, or
ot her sué‘ﬂ Kohmect o um%er O%MlesIgpgandscsoﬂglﬁ:qorg%dec?’((LS%%S%gr e conventi onal
connecti ons h§di02p EIGI\QaEl'a sﬂaaievaambﬂoﬂ&OO. As shown in FIG. 9, each module 805

comprises a plurality of conductors 830 secured in a frame 850. Each conductor 830 comprises a
connection pin 832 extending from frame 850 for connection to first electrical device 810, a
blade 836 extending from frame 850 for connection to second section 802, and a conductor
segment 834 connecting connection pin 832 to blade 836.

[0103] Each module 806 comprises a plurality of conductors 840 secured in frame 852.
Each conductor 840 comprises a contact interface 841 and a connection pin 842. Each contact
interface 841 extends from frame 852 for connection to a blade 836 of first section 801. Each
contact interface 840 is also electrically connected to a connection pin 842 that extends from
frame 852 for electrical connection to second electrical device 812.

[0104] Each module 805 comprises a first hole 856 and a second hole 857 for

alignment with an adjacent module 805. Thus, multiple columns of conductors 830 may be
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spaci ng between connection pins; however, such connections may have ot her
spaci ng between connection pins. First section 801 and second sect 6 80V 268
can be electrically connected together, thereby electrically connecting
first electrical device 810 to second electrical devi ccphgood/2iérs]l As can

be seen, JAIR&"  adtRb@Ne 80 cGiHREd A RolObY @l llskodhl HERBAB 76t dHdmerath
nodul e 805 conprises a columm of conductors 830. shown, first section 801

conpr i segnaircenymadile 0§ 0Bhusnarulsiplerrolimtng I°§C‘81©5¢t@1(§r$ﬁ9 magdeglignedonduct or s 830:
however, any r ond
section 802 cm?fsg@fdglegpgpg @8&-8%6%%8% ggéﬁta%gch rmdéa Egga%egrgrgri ses
a col um fipdt ccmwdmmmnsSQa@poshsormdom firg plaoei(e.g. ,swptanmw:&ﬂﬁrstcjnqmctad;dsvi@i X

nodul es ses..si x,conduct 840; owevef, any
nanber of e S ae i so Bes b E RS AR 8 L B pRac o Bl ¥l

si de vi ewedhd eleaiesltdevic8OIR) péq:eﬁchamar td melﬂr@pla&c eRcdoniidvt tHedirSiQlane ¢OMHPr | ses a
plurality of conduct ors frame 850. Each conductor 830

830 d
conpri sesesend pRAR&ATH Rdystor %@g‘lﬂ;@; g 511?3 Pﬁ@bof“? BiRFWY degrecsdB a8 b‘?‘gg’& HHOBRSN to

first el gehwekisdkctldeMidedcldlo and 8. ade 836 extending fromframe 850 for
connection to second section 802, and a conductor segnment 834 connecting

connect i on pi 186b To simplifiecandactor placsmpnteendusion $5@ cEDIRVE g featangular gross
plurality.of, GRRAVGE 9Jnau§§8 s%@@g,g%g ﬁ}é&‘%ﬂag@”ﬁ 35 EmbodihGhY gcgﬁqg&ts%o R4 a

conprises a contact Interrace onnection pin 8 ach cont act
i nt er f acigh4aticeodtveidthsto fthickness tafaril st nfapnfactonimg cTheqrarticnlan ratloadsvi®B® of fir st

section 801. Each i nterface 840 is also.electricglly . connected to a
connectigﬂéﬁeﬁ%ﬁ'zbetsﬁg’f%gws@ﬁggv??%d ?‘Fh%%%‘i“f'lﬁll uag a?sééﬂ connection to
second eIcemmhhﬁaioncbgwdgeorﬁ&amn[;ﬁ);iﬁ%ut@amdm@uI e 805 conprises a first hole
856 and a second hoI e 857 far alignment with an adj acent nmodul e 805.. Thus,

mul tiple col ulfi87bf %ﬂeu%w%wsy t¥Q mpdnles of gonnegtok B9 taksersalongdinsaydy 018051

PCT/ US20Qgd PRAGT 6 @fégrmvoﬁ%hnmﬁ%ﬁc&.ﬂ@ctmwéﬁamﬁghhé ﬁtBh 5 &arfift7 and a
second hole 848 for alignnent wth an adjacent nodul e . Thus, multiple

col umms  eéencenchiblade B35 Bositienedihetveren rresingle baapsgontasth B48 os O@lt%ﬂt interfasect or 800
|'s_shown 847 tﬁeréﬂgg)r}%%iaigg:Lelﬁrcgggl&log%eé:ﬂé%enbéen ﬁ’%stssgétlo?lfSOJ ah&? coﬁf&@ Ct#(ﬁn pins

832 is posi'tion _ , copl-anar W t i cal
devi ce @idJeseriistdan awte dﬁtaibbaldeomﬂmﬁpxmﬁﬁ|arrspo%14i23necsprpmmdte tonkd on a

second pl ane..(e.g.,,CoO n with second ectrical ,devi.ce

per pendi (‘Efﬂt%f}'g‘? 6‘91'{"?\@?? ?‘#Sasstua%fhéh@mﬁ%mﬁBWﬁég may, ke majed to 4 deyjee aEfz"tghe second
pl ane, e@sﬁveﬁmﬂu@&ﬁéctﬁﬁ@pacwgn@o&\nédﬁb@bmeﬁwaegbslmm tpYoxixagte eethe( @ ri ght
angle) to connect between el ectrical devices 810 and 812. (01061 To

si npl i fy cenertineeignodiladwek thabegnaertion pins §4bmay ke malrd ta2 dedeediyiigar cross
section; &Rggty&ﬁl co%ﬂsaMﬁtspa{cﬁagBft%nmopﬁmmw%b&nﬁay bpdsitiche@HRAGHRENT |

conduct or 3
from the centerlme of module 806 if such connection spacing is supported by the mating device.

Further, while connection pins are illustrated in the Figures, other connection techniques are
contemplated such as, for example, solder balls and the like.

[0108] Returning now to illustrative connector 800 of FIG. 8 to discuss the layout of
connection pins and conductors, first section 801 of connector 800 comprises six columns and
six rows of conductors 830. Conductors 830 may be either signal conductors S or ground
conductors G. Typically, each signal conductor S is employed as either a positive conductor or a
negative conductor of a differential signal pair; however, a signal conductor may be employed as
a conductor for single ended signaling. In addition, such conductors 830 may be arranged in
either columns or rows.

[0109] In addition to conductor placement, differential impedance and insertion losses

are also affected by the dielectric properties of material proximate to the conductors. Generally,
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high ratio of width to thickness to facilitate manufacturing. The particul ar
ratio of width to thickness may be sel ected based on various desiggNQV 005
parameters including the desired conmmunication speed, connection p|n
llayout, and the like. [0107] FIG 10 is a SI de VI ew ofF ?ﬁsm&%g

connect or / I on I | D

nodul es o*lsgg)ﬁf]ecet o l%“”I}govea'allr‘])| ne lﬁp"éc coRg aﬂtéﬁdjﬂ‘é g'é(gﬁ co%t%tﬁwm ade
836 i s pasintich aedxebeﬁdm&ms as\msssblaghe ibtha rosndes At di8kotrio becmsy iaallowsvors f ace
841, therge viding el ectrical nnection .be nf|r S CtIO 01 and
second sé@?&%ﬁ%ﬂn g EI*“H@?& %gﬁtqcﬁe%cr%mﬂeé?%ﬁl %}rﬂﬁ‘g g. ns 832
are posi trhayehppis©X poeiner, aPldstis; or theike td debitre GondWBALY 830&95 sswmbmmed

connection pins 832 may be mated to a device having. .conventional connection

spaci ng. %M%‘é’?‘ieéﬁ‘aﬁlbﬁ@%@n%ﬂ’ theggonnt of plagticssd issnimized. ; Feereferepthe rest ne of
modul e 8QfF csebtol HisthpriseO L&t lieRet Bd &hdudtBr¥ s@@mmm:é posﬁld;kecyb@ﬁ ifayi ng

conventional connect | on spaci ng. Connection pins, however e positioned
at an of fapdonlyfmigimallydn e serond matedialik.gmedalymegi@ving a§mﬂmdcdm¢¢empropﬁrs'pam ng

i s suppor t tiQn pins are

I 11 ust rat]tehgi%fgx thg udrﬁgStgﬁl Hggo%gaﬁg%?.gﬁétﬁal\t‘@%(ﬁ?g gﬁ%’r th %n‘f errpl at ed
such as, rﬁalenz&)mamaemgbedwem cdaﬂhcttersa»ﬁaldtt’feeentihllmna[]ﬁh]ﬂﬂily%yurn| ng now to
illustrative ctor, 800 of FILG 8 taq discuss.the |ayout of nnectlon
pins and conddlIAl s ASENows tie confiiors 6 bsrexReteA BETBRER BT SRS

col uMms  eased inplistes TRE usedf dir ¢ithdr Shad PastiCa EdislebLEis p&%meaahuﬂseﬁfba%ﬁtss i gnal
conductors S or ground _conductors G Typically, each si %ﬁ conductor Sis
8B

enpl oyed F&se@m%rthf‘dlsseéalr Prables hecrorastor i bexformed iom yruch lastigrthasf o
di f f erentd bgvo nﬁb&l‘@{,mi%@tbﬁe 9%“%‘6‘8 ecfr §<%cgﬂﬂﬁ(¥dt5%l§jiﬂ%nﬁlbn ad%rm\lv&ygd afm

conduct or r single en S|gna I ng. t1on, suc con uctors
be ar r angesght thangbnveatiorc cinnegters tirat nsmﬂastl{: aslbe }helentrad it alsmaltowsdamsthadienr

pl acenent i fferent rtl 0 0SS o affected by
Pha al ol apt bkt Rntafts ahdTBRY by R rok BRTH: iPhab e i BrosElals BB Pie

CGener al | yelativelylaige® cOutdéts? Cdaces \ddse-BHIG pEohEdEs lesE’Ei'ElethZ 654/ i &é6sipral bgeed
aestraoi e to nave matog’;‘j ?ilgihha\/i ng very low dielectric constants adj acent

and in cdht ole3s RipRagati as the conductors as possible. Air is the nost

desirabl e di el@Qlfi ThRAERURSIsE b A dsWSpri RieldctrizNh HEAGR hfS*IB%’l dannd has
t he best di el ectrlrc pro%@rtlgs V\b‘uS I12rr‘<:312[rrr% gS((): and“?? i 852 ﬁﬁrrlét conpri se

a pol ynerlow gross tatk ¢omneaigr cap be piokided @abéémtaélecfghm@s aball g@d)asmdbl&( G©4&”) hat
desired f. pl

i m zedrA FROASE 1Bkl MUl lineckdtle WP & ciplogbuiily ©
conduct orhsag3a tl&ndatﬁa@(hrar d)qnea;utntbrn&d chmatebtot tends to “tilthioh theldliyectipnmbfhkl y in a
second nmateyri al v econd dielectric property.

Ther of or anatig sy Biethuse, e Rlo¥Talt of B B, el Folen. Cat edly siaporiasefitnc
profile, rhdls phidr &66HMectors typically are unable to include additional mass to balance the

connector. Through the use of air, rather than plastic, as the dielectric, the mass of the connector

can be reduced. Consequently, additional mass can be added to balance the connector without
causing the molten solder balls to collapse.

[0112] FIG. 12 illustrates the change in spacing between conductors in rows as
conductors pass from being surrounded by air to being surrounded by frame 850. As shown in
FIG. 12, at connection pin 832 the distance between conductor S+ and S- is D1. Distance D1
may be selected to mate with conventional connector spacing on first electrical device 810 or
may be selected to optimize the differential impedance profile. As shown, distance D1 is
selected to mate with a conventional connector and is positioned proximate to the centerline of
module 805. As conductors S+ and S- travel from connection pins 832 through frame 850,

conductors S+, S- jog towards each other, culminating in a separation distance D2 in air region
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material, the spacing between conductors of a differential signal pair may
vary. [01101 As shown, the conductors can be exposed prinmarily to qi%NmaEdfr
than being ‘encased in plastic. The use of air rather than plastic as a

di el ectric_pr.ovi a nunber of benefits. For exanple, the use of air
enables th czﬁﬁlu(gg(fssbr to be formed from much | ess pl ast?@’?%ﬁ%’ozﬁ%vent i onal
connect o860. Distgnce A2 isoalseted & gine the denined differential impedance betweemcapdudterd® | ower
in weig h ' t ' S Lelectric.
A'r ol soth] $oBef SRS e OPH BEtnt R o WRinCtdthoy G Thefetef L 0F des " or
bet t er i diffettatisldmprdhnce Bsdependsiondbagyste imipedance ¢ st firstallectrical dpyice®a), act s,

reduces crpss-ta rovides Jess.dielectric |.0Ss, ingcreases si.gnal. speed

(i or =) AR bEL aie B8 o Pyt TyPiebl i oBRce QT aBO g B PR R s

di el _egt (r]I htts\;/]e\?r,!li)g»htcp?irgfybef ;icﬁ«apbteibllﬁ)bﬁlecmizmﬁaplpliéamim_a.«gI Ias ﬂziigilxg«e ?‘ggg‘z@;m thadn be

provided,that is suitable for u as .a .ba rid assenbly

right- an&l@@%%ﬂ’%@“%ﬁ%ﬁﬂt ?feéemlf?]dwe‘%ﬁﬁg‘f'e connector is "off-bal ance,

i.e., disprop@ii3jonaé slown iR FEEYI 3N cSHIBCBRIGHHAI AL B8R poSIBPRERIFHRR hir Yegidd 850
i 5

connector tends to "tilt" in the direction of the natln%Sarea. ecause the

sol der b#wasdsdfladei$36 mmhjog\ahifwasd with respcct togich athgr witlip Sleme 350 suchahai blades s,
rior ar ' I ; ' | L] | . to

bl ance FHERSERHALEy JALERCRH BloR AR AL 35h. BIAAR RS LI EBRE 0 1 e

di el ect r interfacésB4tpthereby provalingeientrdabeonnection between ficsé sketiGo8Gleapd sedany

addi tional ..mass, can b ed t | ance the con or widtho causj ng the
ol t en o GieiBh 0 el BieFiipisde? Fatl SomiceeBitn 867 | ardf o0 $sp Bl g 1
spaci Nng hfdrieey 841 Goglowtivarddy with Fespét RSeactt el IadIMirfatif@ iscohfieib@pins g4 3 ur r ounded
by air to being surrounded by franme 850. As shown in _FIG 12, at connection
pin 832 FWéraéﬁdg{YM%mt‘r‘éP\ﬁPén As ShRlR copnegtionpips 842 are;pqsitiongy progimale tothe rpy pe
sel eCt edcdferliRe 6 il dR RPN LA ERRRAChAecRPERg, On 1 rst el ectrical
device 810 or nmay be selected to optimze the difféerential inpedance
profile. As sldif], HG14mrepeDipeitive virw efgoadictars 83 eAdmanlbe secpowitkintfiameal

Con e b iy PO R TR b BB B BRE £25
conduct odiffefzhtialSmppdigicé profilediorpahdicontitictive pathl M nating in a separation

di stance D2 i [r region -16 1 fi NOV 200 051018051 .

PCT] US2004107 057 B0 | Bkt BEpECts view EoBticlat S0 gt BEgrwg singlechpam

di f f er entdrMctd SMOESRBLBMRBMAEIEIA9 R REUAGIRIof Biade 836] Thiis d@ighaRayYrbdte RAGGIEL €' S,
such as proximty to a %reound conductor G The desired differential

i npedancerossdalidsefaaanse beprise gach singlebpam aprtect 849 i further pwpy Epmdisiadiagentdevi ce
810), a@&tﬂﬁyAE&S tilugglglﬁ A a§) 'bho%ﬂf@nc%alg%f coYlf’ach‘élialeifgi/ l?eglldsg it if'a t‘%ﬁegf& e of

about 5 percent | owever, 10 percent e accept or sone
appl i cat comtet. This desigrimay alsomgducsithe it trlerares sequitaments for tlmmisieniag of the

subst ant L ¥, SQTShANS ofihl bty @l T mpedance.

D

[0116] As can be seen, within frame 852, conductor 840 jogs, either inward or outward
to maintain a substantially constant differential impedance profile and to mate with connectors
on second electrical device 812. For arrangement into columns, conductors 830 and 840 are
positioned along a centerline of frames 850, 852, respectively.

[0117] FIG. 13B is a cross-sectional view taken along line C-C of FIG. 13A. As shown
in FIG. 13B, terminal blades 836 are received in contact interfaces 841 such that beam contacts
839 engage respective sides of blades 836. Preferably, the beam contacts 839 are sized and
shaped to provide contact between the blades 836 and the contact interfaces 841 over a combined
surface area that is sufficient to maintain the electrical characteristics of the connector during

mating and unmating of the connector.
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[0113] As shown in FIG 13A, conductors S+ and S- are positioned fromair
region 860 towards blade 836 and jog outward with respect to each} BNB¥Q006
within frame 850 such that blades 836 are separated by a distance D3 upon
exi ting frvgérg 8/31%'0%18' ades 836 are received in contact pipiRiha6AGTe841,

t her eby pr ‘ﬁ | i caluie0 ' ' ct] second
section 802. 3 c]on?gg{l&?ﬁﬁ;rlﬁé%q%éf%ﬂ%a%%g@ﬁ rlé)‘l'ﬁ’slr %%F ?e e‘éolugfr%d g%cﬁg{\?\%r ds
franme 8529 bemaintairted in Heandting eegi@y Thatig, the tspectditio aficolhummgsifvh¢d gdpowidtich ot her,
cul mnati i gnnectjan pins. 84 separated by a distance qf . As. shown,
connect i o R IBRERE L iothdRonnetor SERT TS PBY Reonde REHr i emehy e 552
to mat e wrdshtatioin\tikinatinpadegion.n Adso] ecasp @i cighs-s¢dlibh 4 theluimatked blagle dorigot spect i ve
vi ew of con Uﬁtors 830. 03@16@? be seen, ﬁfpthi n frame 850, condgq(? ors 830
jog, eit REFD; HGEARA 35 1B CURRIGE, TPS5-seionaf e Matpdcontaptss thmimpadpgee prritle cant

di f f er entye flairtdIRQIEARE ¥ tRE Enink&orab BaHlally \GnfaAid Uhid ocBurladt feast il pare lbebduse 15 1S

a perspective view of conductor 840 that includes two single beam contacts
849, one thrcambinsd cease-sertion ghthe matedcontacts inchidagie maw, thapreng o 6ke dickness opr ovi de
reduced g § i ngl 49 is
Furthor S tie WheReL SARERRASand REARR: SicHd), PR ARCRLARLesdE

i ncr easeavonbitiedgpical ah padri art copnechrs GesEIG. il 3B sforexampls.’ Utphilgging esbmettor Thi s

desi | d tight tol ' ts for.th i tioni
of “the etstresehevS B, I s Bih el SEeies  phSerIE aff bt | hi g
frame 85ZigniFeastthinpe iSHhbddaite (which bfises sigifichnDdegPddatiér 6F eldcticaBpetfoahince

substantially constant differential inpedance profile and to mate with
connect odkthe gapnseieris gotraparly;and complstelyanaied). Beepuse the sapfachorass-seetign defsumms,

conduct ongt &%&@&%&ﬁ%g}ﬁﬁgr %&ﬁieabpfa @Hmate® ke Conh&as %H&%.'_n% FIG.an%Ry ci§1501

852, respectively. [011 13B is a cross-sectional view taken along

| i ne C- Cpusivideingarlyl tha same elsettiosl characteristics wism, partiallpriunaiated (baiamnesd byrabout
recei ved i-f ¢ i r 41 such that beam contacts 839 engage
respecti \}e Sl zgésﬁgkesb%g‘eﬁs}ﬁ%%é@gpr ef erably, the beam contacts 839 are sized
and shaped t (01p9oVvFI{e 164 istaptspbeivesiw dffacdatiplaesyfaf havidg hinexeapidra eight
i nterfaces 841 o.vgr a conbi nedd surf.ace area that Ls. suffici enlgl to. maintain
the el ecP§IE slectpral capestor & socrdgieey] aggml;g@ip{;pt efths fnyention; ASSh AN unmat i ng

of the cEfRRCIAN, connebtot 960 DéMDprREOSpluY O EHATERPBER T 166:TI US2004/ 024676 1U118]

As shown in FIG 13A, the contact de5|98n al l ows t he edge-coupl ed aspect

ratio to be P20k aPlwsd0? pompriscshausing P& andmplurplifyt ofilead asspanbliep & That | o of
| . : g7 . ko car
col um pﬁ&%g@gﬁ%‘pon\ﬂgq{'eato %}f?a'if?&q @tghglﬁ? @ﬁrggzag)l/éaﬁ_aks_ehﬂll&%s%ﬁaﬂtﬂﬁ A7

exists i act “regi on as we Imts cross talk in the

mat i ng r elgctoinal cAhieotiohaitble dort signakbeopssunication smmasie betveeen a st ekicticadievicont act

Is nearly.the same as the.conly.ned cross- on of the ma contacts, the

i npedanc 8)(?)?151? 3 §egorbda%cctnca?dev1c%tﬂla Via recep?aclesﬁs(s. oneé emtbog’lmen{ &Qhe invention,
electrical device 910 is a backplane and electrical device 912 is a daughtercard. Electrical

U

devices 910 and 912 may, however, be any electrical device without departing from the scope of
the invention.

[0121] As shown, the connector 902 comprises a plurality of lead assemblies 908.

Each lead assembly 908 comprises a column of terminals or conductors 930 therein as will be
described below. Each lead assembly 908 comprises any number of terminals 930.

[0122] FIG. 16B is backplane system similar to FIG. 16A except that the connector 903
is a single device rather than mating plug and receptacle. Connector 903 comprises a housing
and a plurality of lead assemblies (not shown). The housing is configured to contain and align
the plurality of lead assemblies (not shown) such that an electrical connection suitable for signal

communication is made between a first electrical device 910 and a second electrical device 912
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be mai ntained even if the connector is partially unmated. This occurs, at
| east in part, because the conbined cross-section of the mated cong B8\ 306
i ncl udes no nore than one or two thickness of netal (the thicknesses of the

bl ade and the contact interface), rather than three thi', &R ER4E woul d be
typical | WOQIPHNBRT cqpnect 98.8q-fs 3B 1ar X f’ﬁtﬁ%? gging a
connector suCh as s‘h\%)\lxgbi%n‘t FI Cg ﬁ%{é&gﬁ@ﬁ}lagtﬁ?&@g@ﬁlx@ r%t cﬁg ge in

cr oss- secenngetor Hfds & ertiedlplug coaneotargathérithanrs right amgle plug competdanTlds (whi ch
causes signjf.] [ ; rical for 0 f e nect or
oot peRBbdheA g el cphheBhorehlen £ Bt REBRI Ry icel ol BOSTR R
does notertibal haek-phnahmetéptarld gonasctdriaecording ctheinvertionrcambe thsert imeldedomeat or (as

shown in_Fl 13A) ca rovi.de nearly the_.sane el ectrical. characteristics
when par P?‘gﬁf?r Ym#&feegrhﬂlg’.sgﬁm%ﬁ?fgﬁ‘gﬁ}l‘ﬁﬁ/pg@mwﬁaﬁ‘ aﬂi‘émr'fr does when
fully mated. Q3419 1F1F. §7 16 pdrspedtiRaniePETthé Mg ¢oiectof o FFIGRTER SRS Witldugm
havi ng an exenpl ary right angle electrical connector in accordance with an

enbodi meflectsraldgecesRignd 8h2 andsreeaptagle cornector 4100 Asshowpotipte 80 bare fumed in
compr ! S e theholingo@Raidal RARRNBA R 1chl Uherab etk didritfl, G, GO hawe Nous! ng

905 and a plurality o ead assenblies 908. The ousi ng 905 1s configured
t 0 cont acenngetibnglins}32t $2. glamnedtion ping P42 eenect semrebior 862 ®REcHicahdevitat9lan

electric copnect i e ar., si I ni.cati.on is.mde between a
First of CoieRa ko QU anY ol ol b MURaIa) bk Ao VBieapiaptt
r ecept acll €00l Anedtion irs 98 XandP4Pemiy b adapted toprevite thioughah@oit of sudfacedmviunte 910
I s a backpl ane and el ectraihga, V 2 is a daughtercard. Electrical

l. device 91
devi ces §anpeghnns tpan qleqfrical, devicedpo sﬁ%""’g)ny el ectrical device w thout departing

fromthe scopm19f] InfthelemyBditicar) thetBdsidd 903Ss HAGYY plisie, HoWRVAC AR sufste
conprises a plurality of |ead assenblies 908, Each | ead assenbly 908

conpr i sedatgrisbngybe wedt Eheganapadiops tocelaeticet davicen3lP and S 2 mey Re swfacz ope "

descri be assenbly 908 conprises any nunber of termnals
930. [01%5 %mfwfg%ggckpl ane systemsimlar to FIG 16A except that the

connect or 903[01R6§] aFI§i. 1§ isa sida/view of plup eonnettan902easishgvipinkJGahtl Aestepmacl e.

Co tor, 90 ' i, ity of d | i t
Shown) . PREORBTRTRGes BRI bt 328 aRelbly e fgh rSpineS SR ep oy
| ead assefetrhigsls (et adjdtenadsddseinblly6y a distafdedD.t Suchaln ofRetieaikiudsedshort altfye for

signal communication i s made between a first electrical device 910 and a
second ePRRvein copmectiopivith IJps. 6anfg’.1 6 NOv 2006 WO 2005/ 018051

PCT/ US2004/ 024076 LS. 19AR 4 siddWibw ofa SRglkdeal AsRABLPOCRY HsQlibwh H FR. 168, FI G
16A except that plug connector 905 is a vertical "plug connector rather than

a right emgynebqdiment obleadassembly PAB sompridesalmetahieadrfrkme 940 and ani insert malderbct i on
betveen MBRRLS, BAIEbMER n MR s riBIp b BaE oo,
column of terminals or conductors 930. The terminals may comprise either differential pairs or
ground contacts. In this manner, each lead assembly 908 comprises a column of differential
pairs 935A and 935B and ground contacts 937.
[0128] As is also shown in FIG. 19A, the column of differential pairs and ground
contacts contained in each lead assembly 908 are arranged in a signal-signal-ground
configuration. In this manner, the top contact of the column of terminals in lead assembly 908 is
a ground contact 937A. Adjacent to ground contact 937A is a differential pair 935A comprised
of a two signal contacts, one with a positive polarity and one with a negative polarity.
[0129] As shown, the ground contacts 937A and 937B extend a greater distance from
the insert molded lead assembly 933. As shown in FIG. 19B, such a configuration allows the
ground contacts 937 to mate with corresponding receptacle contacts 1102G in receptacle 1100

before the signal contacts 935 mate with corresponding receptacle contacts 1102S. Thus, the
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board, for exanple. Thus, spacing, and therefore performance, can be

mai nt ai ned. [01241 FIG 17 Is a perspective view of the plug conne tQNU\PEOOB
FIG 16A shown without electrical devices 910 and 912 and recept acl

connect or . A@ shown, slots 907 are fornmed in the housing 905 t

contai n and P YM3e | ead assenblies 908 therein. FI G FPGHUP 6”%‘5:{6\/\5
connect i onnsFtad doaces (wef shovapinddEt 164 cpi besbrgught tomerremor grerad beforesignat o

002 to ofauidfoctdt bon/dBRieh: 191k RbRRec il uBk Thphecfih o BANGE, | CO0R0¢ 0
942 may be adE}lB@]d Lcadpsstmb:ibe%&nf@ugmma@msehommfaa@}t anglmmoduian'th‘ect ions to

an electrj not own 0125 Qn odlnent t he si.ng 905

"0 e SO AT R i (BhecOS A o34 R pageted o AR HR (B konndE v

connect i eleétrital deviee910)aad age\of sezendddinevtidn Pina IAR s positidned @resedsnd plireough

nmount connect i ns. 01261, FI G‘F?i.:g .S a.side vjew of Elggsg connector 902 as
evig the fEhp

shown i n{(&8§-§op 85endhelectd feHA) parPendichianig lans, ebp gonngctdhe | ead

assenbl Yﬁ%‘@?laﬂé & t8é EceBid ﬁleéUﬂ%oﬁdHéfo%BO BToiH to Bfterd®d #ta18f Sboutmingtyad] acent
| ead assenb by a distance D. Such an offset is discussed nore fulry above

in conneé@gr@ﬂﬁ (aright apgleksto eéiec&ﬁéllycowzmmﬂldevmgﬁﬁ?hosané%z de view of a single
| ead assenbly %g‘& o) ssenbl y
908 conpri seslozgﬁetﬁ% |'ea fjrlgrngérgfg&a gﬁ;@f‘rﬁ er?gr#g?g{ew(f ot as'?olfg frame
933. In tdnmmarsam amordahbaawnthlemaspembﬂthd idvemtubnayseshwlylms}ssmaxﬂﬁltadjmm ain
one colu er m or S0 duct ors, 930. he ermnal s may_.c rise

o ther aFfPmRbat Fmngs b g oD RO apg s, IRk Sris A PISCARRS  ca
assenbl y b&RerRRinkIS @SadiaceM leddbsSimitlies. fmrpaﬂicum andFk%lsh@waﬁmG@rﬂ) 45428, and
ground contacts 937. [01281 As is . also shown in FIG 19A the_ colum of

di f f er enpfigt °§@Fﬁa§cea4ﬂlfé?‘2ﬁﬁ‘ﬁﬁfm terminalineolig Landderminalsin qluming Asshowsy y 008
are arr aﬂQ%‘i*fsJ?trH ﬁnﬂlgl‘fgaﬂhe Shdte ¥ngl SFdernRdlf LAQ'd(aﬁeH'aB@ve {HE otfﬂétsredﬁ‘égﬂﬁ& the
top contact of the colum of termnals in | ead assenbly I's a ground
cont act gtemencemfcmehﬂk b)oﬁlgthgrumh@dmambemmhesmammmmaats pai r 935A
conpri sed S nd one
wth a negati (P%ip]\(l)\?lz;or %l ;Pﬁy[‘i?%g‘ﬁf ?ace Qﬁ wn?ﬁcé&s regiiﬁ e@%ﬁ‘fq‘%{@tﬁ[ﬂ%ﬁ and 937B
extend asgtiembeshodnsh BIGe20 aai2l. tGmdumaeBBOnﬁydmd/ebaahb asshagel y 933, As

shown in FIG _19R, ich.a confiquration allo round contacts 937 to
e wi th cor I4Sortitha? Pereepaive Koot PLibe BoBIAATTOH SB HBPORIBR be or o
t he si gngl FIEDMEACREC ?a‘élenlﬁt)@ b8 nfafd WA RQARECRS pll %%QZ%GWEQOFE}?USA?N)ZS

Thus, the -19 1 6 2006 2005/018051 PCT/ U / 024676 connect ed
devi ces gnbesed Hogomneat ty electnicabyleviens (pat shavalg Apedifically.cconnastioy pws AR (B6f or e

si gnal El{o%%mé' Pﬁ nﬁ%\% I'fSeR&f lm%extaﬁﬂép 1 ll-f' {osel&'ﬁ?éﬁilg génﬂcegtr conﬂé&or opPrrect i on

of the device
receptacle 1100. Receptacle 1100 also includes alignment structures 1120 to aid in the

alignment and insertion of connector 900 into receptacle 1100. Once inserted, structures 1120
also serve to secure the connector once inserted into receptacle 1100. Such structures 1120
thereby prevent any movement that may occur between the connector and receptacle that could
result in mechanical breakage therebetween.

[0134] Receptacle 1100 includes a plurality of receptacle contact assemblies 1160 each
containing a plurality of terminals (only the tails of which are shown). The terminals provide the
electrical pathway between the connector 900 and any mated electrical device (not shown).

[0135] FIG. 23 is a side view of the receptacle of FIG. 22 including structures 1120,
housing 1150 and receptacle lead assembly 1160. As shown, FIG. 23 also shows that the
receptacle lead assemblies may be offset from one another in accordance with the invention. As

stated above, such offset reduces the occurrence of multi-active cross talk as described above.
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101301 Lead assenbly 908 of connector 900 is shown as a right angle nodul e.
To explain, a set of first connection pins 932 is positioned on a ’WNW 0

pl ane (e.g.,'coplanar with first electrical device 910) and a set o seg(%d
connectionz‘{)i ns_ 942 is positioned on a second plane (e.g., coplanar wth
second el e™410HBWAi ce 912). perpendicular to the firsPCHPI024456 connect
the first pl H136k oFkh@4deapmepeptiveriiew efasingloragentaale caatot asseblymet! t o ext end

a total t i ' ical Ly connect
ol cotri oSt ldth (HBEE nofll £ISY, (3 shawlin RBlyRly 1 BB AGIG il SPRRTC

vi ews, r begnecdnduetive terafindlsvbl 7Saind mhelderf 1168 arade nfinsulatinganateialabrcanewi t h one
aspect of the invention. .sho in FIGs. .20 a 21, | acent. col ums of
e nai smhotimelt, B8 ot 1 (68 € onelis BirstdhmPREr Sohnd Heranatis e evern

of f set exhpduitable @isuReifg indfefiaNahybd used WjtAei2 aépdrmg,_dﬁ@ﬁ ARIEROPeST thd ifivardibhi cul ar
and as shown in FIGs. 20 and 21, an, offset of distanced exists between

termnals in WABUMEIG. 2Ads 3 RETSRCFIRNCYisWholaxtonnRsrtar in accordanchwith anpthest f set  d

runs al ogghbdieUfiticinb&ifiohh ASShdw corpbatb B 0 aftP red RS 1 ABWEuseli i Of f set
k by furtheri ngdt he di stance between the

reduces the 1incidence of cross tal the
si gnal csaemyinaiipndo nerneetan gl@ugaldevicesiuplpy disguit boatd d BQY topl cablet8®3., conductors

930 have r a r ' .35 J-R< E 1.

Conduct o rS §ecé%% }lhwhﬁgnmrg%%? ,%3 l)ozﬁ g‘%&/e%;%l g‘preeééa%ﬁ Pf}"gfecg%gll (g)ﬂge‘%’ge’? ésp ective
vi ew of edisblishaidetweshdopdrli30H anddableH82 5. 0Qatde 1325 cah dwn trahsmik$ignals H/Any
Receptacl e 1100 may, be mated .w connector, plug 902 (as shown in FIG 16A)
and useqe?@“ﬁ%ﬁﬁ%‘ﬁ%’?ﬁﬂ”&“&‘f’%gﬁr r&‘é"\’i‘f‘ﬁ%i“ct‘ﬁwg@hpm) . Specifically,
connection pi 18383 2In(aa6theSérbYdirhéht bf fre inVéntidhbl id@dntenfitéEBat thé Sff@per at ur es
1142 to electrically connect connector 902 to receptacle 1100. Receptacle

1100 al sdistanes, ddeay wary guavghoutsthe legthoé the ferminalsin heroppeciare In tis grpehtheand
| nsert oBreh afARARRAP lary Abnk Mcdedsif SRAAhfind A0l B ELeilPGldldTthe SLT UG UT €5

1120 al so serve to sec nector once inserte nto receptacle 1100.
Such st r outductes TdRDstrattthissdmbodimesntand refeyringmoente RIGt 2@ 0 sideyiewcefiarsinglt ween

th t t acl e t hat | t. i hani cal b
{ her eber Sein of B ASER TR T b BRyet ot ferfdBendens b PR TRfin e ERACET ¢
cont act B&gRAN arfdthd Aéght AR crese BéclibmoMemeingls i sebtidnyB fheight ARNal s (only the

tails of ich are shown). The termnals provide the electrical Hgat hway
bet ween the cld¥ctPGs i EhSRdagveP diecolumns of right angle terinalsaketh) .

[ 01351 Flhe Aikes! A AfandlIfiEs Bifﬂ’&s&fcti%éiﬁ m%A&RbAH e Shgle!cGlumiror s Rown
1150 and Tteceptacle | ead assenbly 1160. As shown,

structures %120, housi n% = i y 1 /
FIG 23 #lHE. 26,dl6s127-and 28 @lso skavean adidcent| cohinnogfderminaleeontpinediie thefafiipeent f r om

one 20 - R SSRARR AR AR o 5, Siated sbove such off e
............. [0140] lIntGacédranze e6th thOnPhibd, AHB6rTket dREd] AR @OMhR Afay Gary along
the length of the terminals within the lead assembly. More specifically, the offset between
adjacent columns varies according to adjacent sections of the terminals. In this manner, the
offset distance between columns is different in section A of the terminals than in section B of the
terminals.
[0141] As shown in FIGs. 27 and 28, the cross sectional height of terminals taken along
line A-A in section A of the terminal is H1 and the cross sectional height of terminals in section
B taken along line B-B is height H2. As shown in FIG. 27, the offset of terminals in section A,
where the cross sectional height of the terminal is H1, is a distance D1.
[0142] Similarly, FIG. 28 shows the offset of the terminals in section B of the terminal.
As shown, the offset distance between terminals in section B of the terminal is D2. Preferably,

the offset D2 is chosen to minimize crosstalk, and may be different from the offset D1 because
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[0136] FIG 24 is a perspective view of a single receptacle contact assenbly
not contained in receptacle housing 1150. As shown, the assenbly lﬁgﬂ 006
includes a pturality of dual beam conductive termnals 1175 and a h 8!2
1168 made gj il’lgéﬂ ating material. In one enbodinent, the holder 1168 is
made of pl 31 1% ction nol ded around the contacts; hBWEYE02HE suitabl e
i nsul at i 1§BACHARQE OthsT paraxclsE arediffergnt. N muit-getivieicrass fallothat onsurs betwsenthet he

i nventio : | r; ' I a connector in accordance
with ano?ﬁ%&&%ﬁ%éﬁs%ﬁ%ﬁg ’tt é&' ﬁ?/og%tgiﬁlgﬁﬁn%slﬁm connector 1310 and
recept acl e 13[843} elnaether embasiomiit ofithie amventions emfuether reduce lcess talk; de offseti ce,

such as c¢ircuit,.board 13 a.c e 25 ificall when .cannect or
1550 1o bebith haifRR Eminitohdn i BRefnct e ot ButiskRad prk HERIBRRREE | e
bet ween kreuithohal) %A &fads catduetingPpathwagdbineed Bvtboraadte ldyeft onfagsimbddicirsiignal s to
any electrical device, (not shown) suitable recei ving such signals.

for Vi ng
[01381 | Ho%Aod KiFallynp Btk ifeiseted by dlling fueighithgprinted Gucuit baard ghihe sRRIORTIUE ¢ he
of fset e3¢ ARER twl or Bk 6RANCIrIWALERA ke | ength of the termnals in the

connector. In this manner, the offset distance may vary al ong the | ength of
the terninal 44kl To Hlustrate sachiaaembadimsnt, FKa 29 dlustrales e frontngew bf asiossat e thi s
enbodi nent ... ' : . ' | f Si um of
gt angreyop of B ENEh P ARkl b b et nd AR RN o BRI B SR
secti on Ankekctribdejbd mhy basichilahte thesk ghillugifatedie FEG.0l6a. sBetterntinadd 1T1€rofitheal s i n

section B is he{ng t. H2 013 are .end views t he col ums

9], Fl Gs., nd 28
of right CHMYFEr ("=t shonm t‘noﬁ?g}]d ’HQ‘S?Fg%K)PﬁX?‘RC%mé‘rPd“ﬁ PREShonl Thes hact i vel y.
I n addi t icohektidon! fiss, BbWElee, i) BeBimildr té Biosd shawh isFIBWN 7. in FIG 26, FIGs. 27
and 28 al so show_an adj acent colum of term nals contajined in the adjacent

| ead assenbl ylMa3k alnpseeriance paththis swbediment of dherigvention. dreoffsst etwesngance wit h

the i nvengi Ofi: riacl : : engt h of
the. t or et ehfifal ol ks iQUIIRELPAa IncCAH PO B ¥iaf 95 X pl R Moo iE
bet ween baaflaSpsvificelly,wasnbowmini HE. 2Q; therdistange betwaelj the offset o€ adjacsnscobdmn he

termnal s, In t.hj nef.. th of f i nce be en, col un I §.different
i secti SRRl R e Behsrace Semiy R0 B AR SRILRER G B 0101 hs
shown i n vhrdyfrg.thédé tadoffstB distaheesas thek optmilivaluas inlet@lince withahdiinnedtion th&ken
along line A;A in section A of the term nal ii H a%;{]t% the cross secﬁional
hei ght ofTosiaf thatageyrs b pongigetopofithg inyentiop fxefiycsd ard e carresppngine signal g
shown i niflddry Amaihtime®f fset of termnals in section A where the cross
sectional height of the termnal is H, is a distance DI. [0142] Simlarly,
FI G 28 shows[01H6] oFG 8P i parsnsctivervigwief aspartionsefanpbar @nkedimens of erightnal . As
shown, the off | t \ | ' Lt ermpal is
2. o of eIt RLIERET O ACEEA BLAC3) SohdicREEHI e Bofior b ™, o
di f f er enplahe wma debendyfléreahatis drttogomal sethe fidlplind Ni3van2€ Dbetween adjacent

conductors 930 remains substantially constant, even though the width of conductor 930 may vary

and even though the path of conductor 930 may be circuitous. This substantially constant gap D
provides a substantially constant differential impedance along the length of the conductors.

[0147] FIG. 31 is a perspective view of another embodiment of a right angle electrical
connector 1200. As shown in Figure 12, modules 1210 are positioned in a frame 1220 to provide
proper spacing between adjacent modules 1210.

[0148] FIG. 32 is a perspective view of an alternate embodiment of a receptacle
connector 1100°. As shown in FIG. 32, connector 1100’ comprises a frame 1190 to provide
proper spacing between connection pins 1175°. Frame 1190 comprises recesses, in which
conductors 1175 are secured. Each conductor 1175” comprises a single contact interface 1191
and a connection pin 1192. Each contact interface 1191 extends from frame 1190 for connection

to a corresponding plug contact, as described above. Each connection pin 1942 extends from
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WO 2005/ 018051 PCT/ US2004/ 024676 spaci ng or other paraneters are different.
The multi-active cross talk that occurs between the termnals can 4t
reduced, thereby increasing signal integrity. [0143] In another enbodi nen

of the invgryioderssq further reduce cross talk, the offgefq sz%ﬁ’f/d’i’?&{s‘ adj acent
term nal _col 33?& Is different .than the offset befween vias on a ed

printed H@me fop glerigical gopnection toaseeand eissiic eiRsy Reeplsiarorngstasd 1br e

| ayers Omag behiseinBRAGVId £ititthindpédds. Typically, a via is created by drilling
through the printed circuit board at the appropriate place where two or
nore conduct of0d49j | To pttaiedesirable gap tojeancas ovepthe| qmﬁtqfapedtmmﬁmncmw rrent
F1G 29 b6 Hhay behfifuferhicd by tid BUS asTfhARA in FRE 550 Rs Sl DIFIEOL S TG
termnals as the termnals nmate to vias on an ‘el ect devi ce>>"8LCH

el ectri c 14 comluntags 936 asd pladedrin & dietbiapk avithprédetennined gams hetwdéh CGonduiGtars IBioe

t inals,171 th t [ 1700 b
connecri o 67 2aft pbier BIRRSEL o i R YE forR e FHIRERE Gapechirdot Bhe ) ar
to thoserahmo'slﬁofbﬁonaﬂctorg 91@15}. rﬂmtaﬁmymﬂ@m tSabsdauent y g|gnt of the
i nvention,, the offset E‘B‘I:B adj acent erm col.ums |fs i fferent than
the of f s&Vising caused byiresidysh steesses carshaye ap eifet o ¢ tYPFab‘BB!aP‘B‘ welbdssigngdythey | as
shown 1 nrdshitant frdme 956 stbukd IRRE SufEeNREBill) R rﬁilflﬁﬁltthé)ﬁesﬁgd &P lerdrobs TR this

terminals is D1 and the distance between the offset of vias I1n an

el ect ri calannkzygape betweewpconpyctors 93¢ randperchnteelled wathofafighititydif entlsod shousandthei r
optimal ya ! in accordance with the invention, the cross talk that occurs
I n the connector of the invention is reduced and the correspondi ng signal

i ntegri ty i S [0aB0)t aPrefeshbly, (ﬁd}%}ridEltlﬁbe&Q)effanmnpeMmmmhmnyirgwamftMugort i on
of anoth enbodi %lﬁ of a.righ an Ie el ectr.ical_ connector 1100.., As shown
" Bra s oprinr bemaid st PG of resmblE BepSRe B e AT oc ong

pl ane t hgﬁth liSkrdwinte 86 Bt theloRter B6rtibh bEthe BbtaLE, it IDldediABRahdD tIREIoNRIER ba Platkdent
conductors 930 remai ns substantially constant, even t hough the wi dth of

conduct oMith3¢hipg@itey kayer o alrmglweﬁuthwatephle Exampleg pf wish bighrcopdwliBityay be
circuito Is I gap D provides a substantially
const ant H%ltepgeruzcr%ﬁé%a@npdgg%ﬁg‘é&a he | ength of the conductors. [0147]
FIG 31 [6453) p@OWTQ&SH@MC@NGAﬁ?@TS BiADMAEBE SELECTIVELY angl e

el ectri CZ’%‘S (ﬁﬁm}ﬁ tor 1200. As shown in Figure 12, nodul es 1210 are
position 41EPane 1220 to provide proper spacing between adjacent

modul es 1210. (016214 8F1Gs! $AA 2w 34B depREERRDHI dnvddith@its 6ffa IRBdeklabsemBBY for a
enbodi ment of a receptacle caonnectqr 1100'. As shown in FIG 32, connector

1100' coﬁ?ﬂ“P%téfsacﬁmﬂF%rf%ﬂ?]}Q’CPﬂf‘Bn pAoona, thﬁh?ﬂsié%asmy R8O ey mskidedonnect i on
pi ns 1175 ral 8fRs &d@@ﬁ?&bs%@rﬁblfe@@m 209. nA&éMH toca?wéyé‘c{: fell75’ are

secur ed. conductor 11/5" conprises si ngl e cont act erface 1191 and
a connec mvomqm an IMBA ZOEaIabr be usedawithéut tl'@dfﬁmfeonl fg singlerendedd signadimgf r ame 1190

for conn gﬁ'}e anHallség{lgﬁxég(z ;‘)’é%g%’g?lf% Lmrr]l%f angﬁ en8endt S gnahng gndd & ?t‘e:rentl?aell Csjlg1a1a 9n\ée Each

connecti
[0153] Each IMLA 202 includes plurality of electrically conductive contacts 204.

Preferably, the contacts 204 in each IMLA 202 form respective linear contact arrays 206. As
shown, the linear contact arrays 206 are arranged as contact columns, though it should be
understood that the linear contact arrays could be arranged as contact rows. Also, though the
header assembly 200 is depicted with 150 contacts (i.e., 10 IMLAs with 15 contacts per IMLA),
it should be understood that an IML A may include any desired number of contacts and a
connector may include any number of IMLAs. For example, IMLAs having 12 or 9 electrical
contacts are also contemplated. A connector according to the invention, therefore, may include
any number of contacts.

[0154] The header assembly 200 includes an electrically insulating lead frame 208
through which the contacts extend. Preferably, the lead frame 208 is made of a dielectric
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-22 1 6 NOV 2005 WO 2005/018051 PCTI US2004/ 024676 frame 1190 for el ectrical
connection to a second el ectrical device. Receptacle connector 1190
assenbl ed via a stitching process. [0149] To attain desirable gap tol erances

over the | grglobsdkosgonductors 903, connector 900 nay b fmw ed by the
met hod ag | LI utg*;at ed i B S Bﬁ‘ﬁa%o

n FlG 33.. As shq in FIG 33, e
conduct oF <44 & 4plasticy ﬁcﬁorg'r@itga%@ﬁ%%leﬁnwg%?lﬁlﬁ? "gg Shet ween
conduct oeénsBdfled fréth a8 lietfe riatérihl aPpdsyiBRI OtBerivitkafié 66hnkdtbOis B Si1RE € TRA34) thel O
formthe frane of c,onnec%gre 900. The relative position of conductors 930

are mai nPARFEMEY be ngHated Fom agg Bathtdsing i 2p? sisord dicleetrics Thagseefaed by

resi dual ph{des 2 % dedrBasedty Eroditalk hlcfol a RF-WBRhY@hh@Rir! (hd dbmpaHHd t
desi gned? the resul t?ant froama 950 S?]OU| d %gve suf fri(%:%éebm ste&%%ﬁ‘@fktﬂ)

mai nt ai nthehsegiabeaviay diplgstnconatedal thogughont)t hi s nanner, gaps between
conductors 93 n | L a4 f n of .t hgusandt hs
of an inch. [®1§%] ’Bfee(f%g{r%%%bb ﬁ-ﬂg&ﬁ'ﬁ%@&&@ggh%}é&éf g%é%’?‘%ét%l caec,lrcflﬁg’o%rgr rent
car r yi ngPprédribly,thoteghinal duds erercomplion testhimal ehdiahongt ¢ sheuldibg nhderstostithat | ve as
possi bl e ecause the rent carryin ath is kno to be on th ter
Por ¢1 on e WA A Epuid b Brets- by it tob Flapnt o R mo b e B Tt o
thin out edntdcayAdo iBlude Matity AnILLfot vigayeriaiit ith abmpleianiahya@ceptacieltofitabls gh
conductivjty, nmaterials include copper, silver, atin alloy. [0151]

old
MNEU&SSWR@WIW@%BEASE-EW VELY DESI GNATED [ 01521 FI Gs.

34A and 34B d@gsq R&‘é’HH&Jn‘%n?g.@g:%\ggwfqi&&ir%‘;zlﬁA@ﬁ@%e@.SzE%&%B%WMR connect or

according to e ‘i nvention. , 1eader asse may i nclude a
pl ur al i t ynclydes mfxst painef efid avalle 26 Aa SEIEG BB depidts A/hgadyr Bocmblpwithradieripheral an

o hal o- el el P ey BB P 3o il g mRR e B 1"
si ngl e-ent8B] signaling and differential signaling. [0153] Each | MLA 202
i ncl udes pl ur onduct i ve contact Preferably, the

| i f el i cal l 4,
contacts 204 ﬁﬁg@g °q0e ect%{?écagﬁﬁcﬁ?fﬁb%‘ﬁéﬁ’(@@éh? h‘ﬁ’%’rasg’&ﬁﬁé&aygi’ Aexpid olos.  As

shown, t{R ihieRREREIQBAEAThatas, iR feadd? GssRmBlyahdyedRdoid D f aRNiAad pﬁfék,%f‘s, t hough
It shoul d ’be wunderstood that the |inear "‘contact arrays could be arranged as

cont act example, betsigen adiangnteontact arriys dé corpestendrcordeioithy igeqntion adyhet h 150

cont act ; O A L& . ba.
under st ggﬁo%ﬁ%qsuéhnln+%hﬁgg }ngr? %%’u@g&gﬁ%ﬁ%g‘?ﬁéhé %@?‘}%}é rfé% f g’%@ﬁ%’ glgﬁ §m§h d a
connect or may[0i58] Ubmughntherheadee nssahblly RDAdepidted indBiGeA4A -Bliddhésnifard right12 or 9

el ectrical , contacts ar | so, cont | ated.. A connectar .accardi ng,to the
nvent i offslq FBRestey i shold Bs vndersined ok o Sonietsaf acsproigfp hiavention may be any

style connector, such as a mezzanine connector, for example. That is, an appropriate header
assembly may be designed according to the principles of the invention for any type connector.

[0159] FIGs. 35A and 35B depict an example embodiment of a receptacle assembly
220 for a connector according to the invention. The receptacle assembly 220 includes a plurality
of receptacle contacts 224, each of which is adapted to receive a respective mating end 212.
Further, the receptacle contacts 224 are arranged in an arrangement that is complementary to the
arrangement of the mating ends 212. Thus, the mating ends 212 may be received by the
receptacle contacts 224 upon mating of the assemblies. Preferably, to complement the
arrangement of the mating ends 212, the receptacle contacts 224 are arranged to form linear
contact arrays 226. Again, though the receptacle assembly 220 is depicted with 150 contacts
(i.e., 15 contacts per column), it should be understood that a connector according to the invention
may include any number of contacts.

[0160] Each receptacle contact 224 has a mating end 230, for receiving a mating

end 212 of a complementary header contact 204, and a terminal end 232 for engagement with a
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[ 0154] The header assenbly 200 includes an electrically insulating | ead
frame 208 through which the contacts extend. Preferably, the Ieadﬁﬁrmm‘?g 08
is made of a dielectric -23 1 6 NOV 2006 WD 2005/018051 PCTI US2004/ 02 6
material such as a plastic. According to an aspect of tp@?ds%ﬁ?/ﬂ 4RN. the

| ead frage¥9a8s{080S ot fro little material a8 DOS |.{$§.

G o v oSReuftgare. prOGARY! B ] 0k 2% b lFleFbel iy 88 hbggee

i nsul at echdersaod dine tierteniinals esiscouldibe press-fit, BalEpachngisetfaeimont oflthfoughe of air

provi des for a decrease jn cr talk a or a.low wei.ght connector (as
conpar ed™PH ée'E’ﬂﬂi‘i 8’&‘%0 A f“t‘ﬁﬁ'ﬁag also Pﬁ%ds\f\?{"@rprﬂﬁ%%ée P?ﬁ'&qﬂ’@éf”?'él the

t hr oughomMLAs feiatindto ditanetet.act s 202 i ncl ude term nal ends 210 for
engagenment with a circujt board. Preferably, the term nal ends are

conpl i ant terlfi®ldI Ascaxding wangspertofshrinyeatips, thewsesnsaciorsserply may also ber ni nal s
2ha® SoudroRorang RRerhalish G ALV IIALS/ AERCARUI astlmiD Oy UABRIR b G  enCe.

The contacts also Include mating ends for engagenent wt enent ary
r ecept acpletes; dortexemple, betwsa ddjrsentisentactaitaysconnect i on with FI Gs. 35A-B).

0156] As sh ' | AA | f . _The.h [ 214A
i[ ncl u!}les asf ﬂpg?ilgaﬂii FG%? g’ei;ﬁé&s %a%%%%%kgaﬂeé gffpzﬁrg g{gﬁgrgafg @r mgéoa@gfl ggsenbl y
with a piavéntior cadnectiny sl patbebdnvgen2dd Birduitioatds QHOAEs @irduitrtobrdpa0A-B end
l1s 216B d d ' f d | 218B. [.015 Al ' t
Aopect o Rump g e E hoafls e Pl b £ erlyet 0B ZGPA B | nt or nal
shi el di nigeludd\ére drmort Biffehentigiesigrabisepitisy oyt nitRe SiBYIRieHdad sighRlinSpdtey, or H! at es,

for exanple, between adjacent contact arrays. A connector according to the

i nvent i ofPnhERAtieR of disfeemialsignalingpathiaed figglevhded signaling paths. 14 Fighalige pafbeed,
00 e RAR okt g icel BoRh R ka3 (30t gRGET a502TD Y

200 dep 1 n FIGS. 34A-B 1s shown arig e connector, it should
be under¢eattically isondugtivepadeddto Theitsoninals audstod therronnestazgontacts anyypicllyny © styl e

connecto l.ne. o] . eX I That is, .an

appr opr + Seea T B8 BRAL MO E BRRTER by BB AOR: Freoy bR g i s o
t he i nvetetlindque well&knywh ytpthe am)l 1€ the @ircui{ KbhAOIE a MuBs-laydbdircaitbodBaskhpwa), an
exanpl e enbodi pent .of a .receptacl e assenbl 220 .f connector according
Lo the |46 SERAIEE Pathiaey aéioe'aflﬁﬁw slsally W%‘zeﬂweﬁ& ﬁ‘{}etgatﬁffp qugly theo

recept acdirufigpiract s 224, each of which is adapted to receive a respective
mati ng end 212. Further, the receptacle contacts 224 are arranged in an

arrangenent tIAE3]; Typisally.afystemmanufyciures defines thegigneling prths faea given ng ends

212. Thug, i LG ej I tacts
324 upor LD AR dHinE R &b Fthe B chEHing B toricr HEFERPALE, R

ar r ange nemnttucd ntodification, hgcannes eithe? diffehantinlor aighednded siptding patB 4Aeqoeding r anged

L O M et G0 B 2 220 AR RSP ERREGRSLE 25501y

connector as described above (that is, an electrical connector comprising a linear array of

hd

C

contacts that may be selectively designated as either ground or signal contacts).

[0164] The system manufacturer may then designate the contacts as either ground or
signal contacts, and electrically connect the connector to a circuit board. The connector may be
electrically connected to the circuit board, for example, by electrically connecting a contact
designated as a signal contact to a signaling path on the circuit board. The signaling path may be
a single-ended signaling path or a differential signaling path. The contacts may be designated to
form any combination of differential signal pairs and/or single-ended signal conductors.

[0165] FIG. 37 is a side view of an example embodiment of an IMLA 202 according to
the invention. The IMLA 202 includes a linear contact array 206 of electrically conductive
contacts 204, and a lead frame 208 through which the contacts 204 at least partially extend.

According to an aspect of the invention, the contacts 204 may be selectively designated as either
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(Le., 15 contacts per colum), it should be understood that a connector
according to the invention may include any nunmber of contacts. [016MN0VEsh
receptacl e ¢ontact 224 has a mating end 230, for receiving a mating end 212

of a COW;%'?B;?&’B header contact 204, and a term nal ep¢1R3R4HRE76€NJagenent
with a - 0541 PCT/ 004/ 024676 cl.rcuif .board.
Pref er ab yl,m e ercr%%%g&' %g&gg%{é‘%gmc é’r‘crﬁf“l‘%#?g erJ%?eﬁgil ong R%tefelﬁﬁ%%%?it
shoul d byair conpeisiag @@dir bfisignal lkenthes. ninpakcond desk gretioh, dhdeonpicesemi htleasbéde S, or

any surface-nmoynt. or. t hrough- unt. t.ermn ends, housi ng 2 i s.al so
pr ef er ab¥ qﬁ?%%ﬁd@altc(?ng‘tfgﬁt r['bgﬁlérﬁdie?lﬁlfagf’ﬁ’ %‘éontalcf\%{gg“ f’éf"?ﬂ 8’%‘%& c

anot her . sigral paif antice asti ong singleadhdedbgigfal cardudtire | nvention, the receptacle
assenbly may §| so he )d;%voié%,e&&’iiany internal shielding. That is, the

receptacl e ad9iefh| FlGa 883 o expmplg gpnéagt %qs%gnatﬂﬂnétf‘%

| 5iern IMIA sichap e,
bet ween @i RAQGAFIC I A shath &Y PIG. 304 6cdhtafts &, ¢, 361, HEPkCHl 8, A8 oC167 le

enbodi ment of a connector according to the ~i'nvéntion’ connecting signal

pat hs bemaresdefined to becignal ¢nptactsswh Bets@ d,@uj, and o fat sxanple- @y beay be

mot her a t or £X .o ral., ircuit. board 240A-B
R R e

si ngl e- emfbenl dififgreraial signgb philns , Asshoam icBidh 38B doatacte b, diff k,6) lemid iglforsi gnal i ng

pat hs and singl e-en I gnal.in aths. A signalin at typically includes
an el ect"r"iaﬂlg[ér ?akﬁg?\g{fuﬁeﬁ\?‘g&t ?ﬁflagc‘gﬁaftst phte ?%‘%&Sé‘cf’%’ Ea‘l’ P’g}“c‘%‘ﬁﬁe ed to an

el ectri Cédaples By bEBéfitRd b Zddnd cbificts € IdudR b Beitition) fsignAFcoRRBIRBCA T h,
contacts are té{mﬂcal ly electricall ?g coupl ed to_the conductive pads (le. g.,

by sol dels bagd n B singlesended sigpal sgndugtoryy  Agsthowp i RIG- d8E€scaptacts b acn B h Lt he
art). |If e el | d?%% ' lstolnal I el r &l of t he
si gnal i nagﬂdglétﬁﬁ °;r‘r§‘§/mg’| S iﬂdce:ﬁaglcgto?r% s¥e %lcc?}rﬁﬁétglq’i/}{}g?g;rl\tgﬁg? [ (Sg ’ @?’aﬁg%?l% &’artt

ext ends examplegmay hedefinied tuibe growad epntapts.] Bejuciry desigriation, signglcontant pars bfcact ur er

defines the signalidng.paths, for b ven ication. According.to an aspect
of the i WA PER Bt R b, B3 il ton Y CRUhER iR Eri ol
modi f i cadon@ictort.Olt Shoudebé usietstond thtit fih gererdlj cath of the cogicts maylthds B¢ @falkd By

paths. According, to an aspect of the ipvention, a system manyfacturer my
be provi AGEr afigtl senteqt get Blounq coniash drpendive o haasasien saﬂ‘f&eépﬁf&cmn-i s, an

el ectrical anfmt O &R EHeSdeBignatioht Adtedin FiGs. BBA- 1B baftics ¢ R mARY be

sel ectively designated as either ground or signal contacts). [0164] The
syst em ngrpwfdronizetsr Agdiscessedingistailgheeeit may be desirablesthaughaiat Regesygrb ford or
signal c t o ' Vs t t i.rcuity board.
The. conropRdofizc RS L EMKNE ik SANAREL, T GRIE ellod 8 iy el
exanpl e, contacts neake contadt byfocothe sighal mgntactedo) tlais bringieg thgrsasted tagroand befor|
contact 8 signaﬁ Ic r?tgété Qrg rrpa?e;[d}.1 é%@a&sg %orftellcrtscgu zlu}d nta) graerggbun-lcihc%nélc e éilhrép path may be

designation, the terminal ends of ground contacts g and m may be extended beyond the terminal

ends of the other contacts so that the ground contacts g and m mate before any of the signal
contacts mate and, still, the IMLA can support either designation without modification.

[0168] FIG. 39 is a side view of another example embodiment of an insert molded lead
assembly according to the invention. FIGs. 40A-40C depict example contact designations for an
IMLA such as depicted in FIG. 39.

[0169] As shown in FIG. 40A, contacts a, b, d, ¢, g, h, ], k, m, and n, for exampl'e, may
be defined to be signal contacts, while contacts ¢, f, i, 1, and o, for example, may be defined to be
ground contacts. In such a designation, signal contact pairs a-b, d-¢, g-h, j-k, and m-n form
differential signal pairs. As shown in FIG. 40B, contacts a, ¢, ¢, g, i, k, and m, and o for
example, may be defined to be signal contacts, while contacts b, d, £, h, j, 1, and n, for example,

may be defined to be ground contacts. In such a designation, signal contacts a, c, ¢, g, i, k, and
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a single-ended signaling path or a differential signaling path. The contacts
may be designated to formany conbination of differential signal p‘pBINPV 2006
and/ or singl e- ended signal conductors. [0165] FIG 37 is a side view o

exanpl e emgf}d f an | MLA 202 according to the i nvg@,}/pg{b 'I;Q& | MLA 202
i ncl udes a 30 darr 6 ofhx ﬁ_@tl’l c?g‘é ondu |ve ﬁt acts
204, and"aaf"ég Fﬁ‘%ﬁ Yaiere AT howadn (x40 s eontagts 3, éa%lgs baﬂ% sially

ext end. mﬁ%ﬁ@ﬁ%f‘é&ca&@l@&a@%@@ﬁnéﬂfmb@ﬁ?dl‘\é&ﬂidt@@whﬂ& BEnt&ERH ACE S, 1286 deyr be
sel ectivel'y designated as i t her -25 2006 WO 2005/ (18051

PCT/ US206370Risamay Rsrdstined rbegrpmd icontants. dasych 4 dpsignations sigard spaaets f.onandite
contacts r I of
Sl gnal - ol o &3Sla@onlhckaE A cohEHl Baire 87, 1 SRTRLA Rrliifledila

si ngl e- esigeal psirgnAgain,dhtheulddre understaod that; th gtesnalg nmhuocf mhe dohtacts arydlusdef or m at

| east on a si gnal
conduct o;aeﬁi+68 fg&%ﬁt‘—:l %Jﬁgm%ﬂg%&%@%?e&n?{l g%t%g enﬁ P acet reﬂlgg?"beﬁgsto‘%glns for an
| MLA suc Iappis:atldeﬂn(eh(&cbf ithe designatibas dé}actedlvaIGs mom&ec 88m¥acts ﬁmtcﬂca'rreSgrbumt e,
f, h, r define si gnal contacts,
whi 1o cobitesty e tefiingS epds Sk Ry end Byl i endralibeefegoneo: ound
cont act s so tHat the grouad @ Bandd MatSbedors lanf O th@§iknd? dbritsctdmate. - f, h-1, k-1,
and n- o formdifferential signal pairs. As shown in FIG 38B, contacts b,

d, f, h, j, 10138k FKhe gapfact YTy pReconfigyredyaich diat a desired impedanegrhetwasant act s,

whi | e Coggﬂgét&s%chlgvedeandg&uﬁﬂ tha{émséﬂloﬂgg MAd 01f09§-ta ﬁ?@fﬂ?ﬂt@d td@c\ée&%lgg/élﬂed to

be ground contacts. 1Th suc esi gnation, signal cont

1, and n efarimtls a:lvgfbrme efishaeld slagpsdabt“@gndhmemMLAm I*slhbwan:qau?:élde“mrﬁﬂﬁgelmfnt act S

b, nd n, for defin o, be si gnal

con t a ot s 1me\%ia.1‘1ce] @Ser:ﬁlg% 0SS, ag.nd aross taﬁ( ma e dcﬁlev ?lgn a fsglg[%c} Yeg,m %&y be

g ef i neddtanse?&f @sﬁhgﬁffﬁmlaMA rhxy ﬁmlsﬂmnas de&nr@aai $yefem 1|adqmdlenqs) nfﬁ,et 'pai rs
-¢c and e- or | ntia na ai r si gnal contacts

and n f oPFﬁS%qcﬁQ{g; ERRI 5 F‘&ég cadéntly og mﬁﬂ%alga%war?&éw%en& hat, in

general , noeal. of othé]&v&@@taﬁMAWoﬁﬁ% $o 91‘% is\@hfidtedbed fot r@t%dlféeaﬁja@erﬁ nomaAL to

contact or a ground contact depending on the requirene
appl i cat ifunstion propa]y. | n each of the designations depicted in FIGs. 38A-38C,

contacts g a”fbtlzguazﬁ gﬁ‘&?eéﬁ}gseﬁ{)%&% EProeﬁiegfﬁg con%htf{E ectoﬁiakt d%Rﬁ&fe 't may

be desirable cessar roun a exten urt her
t han si goeadnectors; emttact dersity mag pe b@nﬂeedl in exd;tanoestwme mhmlf@tmngd:osts ongpecifis nmake

cont act beforethe si gnal nt ac S bringin he sysitemto ground
bofore.  PRINETEiHIemEBN PR B nat s gh ogsts BerlB M s BtRle T 2 oy Dl
cont act s jriventfint dbRS néteeduirdatjateht MDA tefulittiva fpr&ﬂ:ﬂ? IMLAY MayBe §RABdEACt S g and m
may be extended beéond the termnal ends of the other contacts so that the

ground c&telyclepelyfpeathorar eel%’élﬁldrfer appRy frgm qnﬁén@hgnarhoub%ﬁsaéwt FRp@lioan d,
still, the g@ﬁé&%nc@wa L1aBiRE féiﬁﬁét {é%rbé%”éé}%naa%ﬁﬂa&a&&an 101681

FI G 39 | s e view o anot er exarrp nt of an Insert nol ded
| ead which are easier to make and manipulate using known automated production processes.

[0172] FIG. 41 depicts a contact arrangement for an adjacent pair of IMLAs I1, 12

wherein the contacts are defined to form a respective plurality of differential signal pairs in each
IMLA. For purposes of this description, the linear contact arrays 246A and 246B may be
considered contact columns. The rows are referred to as A-O. Signal contacts are designated by
the letter of the corresponding row; ground contacts are designated by GND. As shown, contacts
1A and 1B form a pair, contacts 2B and 2C form a pair, etc.

[0173] A number of parameters may be considered in determining a suitable contact
array configuration for an IMLA according to the invention. For example, contact thickness and
width, gap width between adjacent contacts, and adjacent contact coupling may be considered in

determining a suitable contact array configuration that provides acceptable or optimal levels of
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assenbly according to the invention. FIGs. 40A-40C depict exanpl e contact
designations for an |MA such as depicted in FIG 39. [0169] As shpWdV e
FI G 40A, contacts a, b, d, e, g, h, j, k, m and n, for exanple, may be

defined tq be SI%I’I&N contacts, while contacts c, , PcTRR 5{,09/0243.;3r exanpl e,
be d tact I tact
b ot Bl o o6 ST et

in FIG 4{&Eb,ys,0man ML&A that may tee, degignated ds, diffierentixd, smlgli:-cmdéd) for aemﬂinhtﬁm dfay be

def i ned | ,f
cxampl e, - D0y B R TRAD OBt Rd SR e sy trene s e BEd

si gnal COdiEtﬁthb‘o‘)va Tkough it sBoultd be kndeRsiébd thﬁ@u&ﬁm&ﬁmay\ge BRI GO
PCTI US2004/ Q24676 m .and o form si ngl e-ended signal conductors, As shown in

FI G 40C, needhelacagticplar conpectog applicatjon, g example copppcipr agcording iothe inventipp vyl
defined tgywpe GdseriHd 16 BRivitfelekamptd ghﬁmeem@}&és%nbper%nﬁme dak otiidifledor filth a,

exanpl e, may be defi ned to be ground contacts. In such esignation, signal
cont act s epnnectorand e form singl e-ended signal conductors, and signal

contact pairs e[‘ﬂ] fh& OJJnF.P' ?@gdlmeﬂt e W}'lgéntl&? rega* do?L ct Iﬁé,\gﬁaiye a %’I%‘;gt Wfﬁ‘x%” 't

shoul d be und I'n general, each
defi ned aaboet dsrieemllanaexgmd contactsay bcersetamgir@mﬂﬂmetant@cdrs GefThag] adygcenn t he

t icted i
Fica.  aoscumel maitiye £ 8mn Vil I ST Bimal bl 4t Bty TR MEARE anas of

whi ch mayineiien thald me @Intb beuﬁargmm@dh tE@dﬁxta@fs ckitad. 0Tﬁk€1@a&ﬁ&h@ﬁfa§ havet t hat the
ground contacts _f and mat e before any of the S|e?‘g contacts mate. 10170]
ﬂ”ﬁﬁ‘zﬁp BF

The cont atbickagss Iyofghgut @@éfq‘ derss o aging b adiReend seag @frgise n
contacts jgy Q&J;Ho‘ﬁt’ﬁﬁb mﬁlnxﬂetéféc bxdhn@hanw&%%ﬁtg 19y Be 8- LIPS alt)ﬂ%hle%

limted to ‘accepta | evel s - even I'n the absente of shield tes Det ween
adj acent ¢fithedepntdctiamaysy andiadiasent eordant amayy maa'\belsmgmed Ieiqbladm anptherer tion

absence of snigi i, GeEgnefReRYERY Yriotdh Bicth 8Pl iap MR Sel ey

i ndependeatjdcgnt@onfabie wilbbe §1&81@Elnafcoﬂii)&&iﬂ aéecoedind) tﬂ@i’nﬂéntioth in g6k art
I ndependently of the designation of any adjacent |MAs. In other words, an

| MLA accofneriers hat Wé“’F‘h%aflﬁ Brivernediandt contart prey sadpetaFAInEepris dessTibedjAct i on
proper | y. 5 Rded 1. SR af fiRatRinS 90 1Vh0058Y £A1 I ’Pﬁ)l&'i @cyrln‘é&&sf Qlch bt GBiREGHYed Ni gh

cont act ensi ty connectors, contact densi ty K be SaCI‘I ficed i n I nstances
wher e rranmfaaplmtlomgOinOﬁiﬂr regpise the presenge oﬂmete @mnerlmdms@hheg@a@eﬁm need

L o e e I
cl osel y tshigid plate disposeel adrigiomk gidt af thaﬂmri tfrafne sotmhwhemlead fames dréiplateda
SO e S S P NG, T SR SL WA SRR LRS! e (1
nmani pul at Shsétite DY ark AHARNAAPHBHE theYoRAbs Wolld HelsRieRe8 68 only one side, which would
result in unacceptable performance.
[0176] Because shield plates between adjacent contact arrays are not required in a
connector according to the invention (because, as will be explained in detail below, desired
levels of cross-talk, impedance, and insertion loss may be achieved in a connector according to
the invention because of the configuration of the contacts), an adjacent lead assembly having a
complementary shield is not required, and a single lead assembly may function acceptably in the
absence of any adjacent lead assembly.
[0177] FIG. 42A provides a reflection plot of differential impedance as a function of
signal propagation time through each of the differential signal pairs shown in FIG. 41.
Differential impedance was measured for each signal pair at various times as a signal propagated

through a first test board, associated header vias, the signal pair, associated receptacle vias, and a
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101721 FIG 41 depicts a contact arrangenent for an adjacent pair of | MAs
11, 12 wherein the contacts are defined to forma respective pluralgfgy fﬂhﬁ
differential' signal pairs in each |MA. For purposes of this description,

t he Iinearm&s?ﬁ505§rrays 246A and 246B may be consi del;@l%&g&?ﬁ ¢ €Ol ums.

The rows are . referred, tqQq as A-O. . Signal .contacts are designate t he

et t er oo tobpaE i R FERIT SR GaheRcS »dh Breriel Hppecdieemy sk, Ao
shown, c®0t1a0%bhms, Ad Wi fBrch@dl Mnpedaidelis refiNLIPChistanB(i@N b/ 2fpohoy s RRE M. etc.
[01731 A nunber of paraneters maybe consideréed in deternmining a suitable

f

cont act thglergth ebihe cornestor)shropgh eagh of the aigadl peireli A giffesentiabimnedanse obzhoutor
exanpl e, ¢ Hgll G okl hdstncé}] : | PG ntacts,
and adj aggﬂphgg%tsg rg%%ﬁ%ﬁhﬁgqﬂ%d%‘%ﬁ%fgﬁﬁ \évfe |aﬁsﬁé\§§gcr“ﬁ;n%n ng@t(fl‘s g{l%l tabl e
cont act ampedaneeprbfilgferavienothdraignglpeiri Defferasinbimpeldhrece ovas opasured for a¥eps of
-27 16 2006 2805/018051 PCT/ US2004/ 024676 i npedance, insertion

| oss, an%;@%/%l %-O%W’%\af%‘é}fgs{ﬁ%gaﬁ‘éel'need for shiel ds between adjacent contact
arrays, in an[0IVBA FIGu42Byyovidesdqiot@faisertiomivsslas 4 fanétivnl clsignsli freguencgdsted, or
a conbi nation, of . _both. ]ssues relat, %%243 t he _consi deration of these and

‘aet

ot her sucAhRithdifferential signalnarrs shaym ip A1Sishappasertigndossis ftat¥elyul d be
under st o@gnstdhallessidh BLAIRIBS fot siphMls BF td AJ GAL SR ifdeftioh 1458 or AGESHEr Wis 2

particul ar connector application, an exanpl e connector according to the

i nvent i ogbetithe same\as Bie iprertion; lpssdor eyeryodher gair.exanpl e par amet er val ues and
performance d bt q %@&g% B,ﬂ% svaregdigent  of
t he inventionfdlggghﬁg?)ﬂ?g%Wn%?ﬁ%\y@e’aﬁ ont a@{[?(v\?mr dtg%fz&]/eg%lp a (gut onétqﬂa

m | | i met ectivearear-elrend farsendwyosktalk e measured, a4 eachlolf thessignal painst The crGss-talkugas

adj acent __cont agct §,ma ve.a.gap.w dth bet.we t hem of about 0.4
mllinet @eﬁmﬁ‘ﬁg’rﬁm&/h@s rfsﬁél?‘l?ggo@qltoéﬁ@%Pgﬂﬁmﬁﬂet‘%bor t hrough which the
contacts ext e[0i80JThBIG.ai3depicBrERofiAM afrangmitnt fohart kdjaceat phiraff MDA twHrehD
mllimeters. An | MLA spacing IS between adj acent contact arrays may be
about  t wéhefonfactiaresedinedipdform 3 fespecive plvealiboefsinglesendsy sigpal capliciosiipieadh al ong
the | engihn A0 THTRCANhEfHe siihE Bfloscdll -%gldﬁ@p@mctﬁgmgtdi@e&é&xsei e

staggered relative to one another. [O Gener al | he ratio

cont act wbutadt definitionsa A gaind the 1@edrnventactarray adfjoAccad 2468 mayde sonsiddredymontpee at er
in a connector according to.the inveption ih | lLor a ectors that
Foqui ro ShmRnatg AR e rPelafic S50, sibhal it hedlicehadBl by e 1T S
descri bedorréspofdiig tow) @ebukdd Sontad &8 desigmated bRIGNI. 20 SHowi) 0orfiacds\IIA, 2B/ pCeal
connectors, such asg}epose desgri bed in application 2001/0005654, require
the pres&ffedHnglsriedisignalsoBdycdy assenbl y because they rely on shield

pl at es bet weepp18¢j apRNU44AGREViIASHGBIMCAES ploPE Eing18RHIRASAPERINCESs 4 MBétfoRl IfY
include a shield plate disposed al ong one side of the |lead frame so that
when | eadighalarepngaticn tinatheengh saghaaf dhesigngl eontacts sbewiein F10n43.c¥inglaendedar e

di sposed 188&%&%&%&%\gre@ b efich s"i’érﬂ.p&)n?a%PQ Va6l timdd ab Q@ignal propagated through

a first test board, an associated header via, the signal contact, an associated receptacle via, and a

second test board. As shdwn, each single-ended signal conductor has a single-ended impedance
of about 40-70 ohms, and the single-ended impedance is relatively constant (i.e., +/- about 10
ohms over the length of the connector) through each of the signal contacts. A single-ended
impedance of about 40-60 ohms is preferred. The impedance profile for each signal contact is
about the same as the impedance profile for every other signal contact. Single-ended impedance
was measured for a 40 ps rise time from 10%-90% of signal level.

[0182] FIG. 44B provides a reflection plot of single-ended impedance as a function of
signal propagation time through each of the signal contacts shown in FIG. 43 measured for a 150
ps rise time from 20%-80% of signal level.
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absence of an adjacent |lead franme, the contacts would be shielded on only
one side, which would result in unacceptable performance. [01761 Beg- KOV 206
shield pl ate's between adj acent contact arrays are not reqU| red in a

connect or e} to the invention (because, as w | % ﬂ;%i in

detail bel ‘3@ Qﬁﬂ%&’?’éﬂ, 44€V;?rb§m&fa;%tcbﬁns%ﬁﬂoﬁ iosE @ﬂﬁe&& oﬁ@éﬂ Eddy%r | oss
may be achleved |n a connector according e I nventi o eca of the
conf i gur za¢hoef the signad cosaatadiown, in HHG. A3 memwn,mmass@m rglatively ngpsaant (less

conpl emeng ar %oﬁﬁgﬁ?‘; ﬁ’lr% %glglts g%‘hﬂou‘?ﬂm 8pd a%dgns@glog 16 ?'gr as§°é%¥§7?‘s %f‘; 7]

function accepta bsence of any adjacent
FI G 42Atharmnecbﬂsheanseeﬂidrelossifone\{cbodsthm*fcontaétf erential inpedance as a function

Chown in F1 G, 1B By deflind HEPRNARTRBe el Rof roE b ueni SEUHE o

at vari ougtivd neas erdfand f&i-@ﬂaﬂrosl@ﬂhm&iﬁaﬁﬁled dtBachuF'thesidrial €dntdcRS IThe @AYsEltalk
associ at ed header vi as, the signal assocj ated receptacle vias, and a

-28 1 6 NIy mgeged Wﬂé@)B?Bi@%&ﬁpﬁ?p@Q@@é/@E%#de%cond test board. As

shown, each didfgaf epidalssfigR @d@% about
90-110 ohns, altéllgg[ hgt%l fferen#%@éﬁ%ﬁg%%?ggﬁugéﬁl%f%m %g {eg;(olr. e.,

+1- aboutinjsctisigmeisowato a differentéabgein Signal lsentacthire designatedibydhgletteraditheof t he
signal p f I i erred
The i npe é)f'nrg oﬁﬂxg# I0| ?@é !a.rg gléllﬁmﬁg@t&fﬁox% @lt&%'c} 1:%? des a%'}rléteg%yﬁ@.

i npedance&op eahldhﬁﬁerémral paieinyeadt émty Balgcrfahe ;mn Was davéfi @les cbntadts BpPAdacad was
nmeasured for_a 40 m 10% 90% of sign I [0178] . FI G
42B provi s’[’hgnﬁq:cygaayék E‘i 9‘?‘% np é’glsﬁé’%léf‘gf’?‘i‘ﬁﬁme e?fm’s‘ﬁ&ﬁ jpcent RAu ey f or
each of thog-deivéd ﬁil%ﬂth@ig@ésﬂﬂ?alr%i&mﬁ%&% smorﬁhchAas—ta cfdefiBes dr@1Ser ti on

loss is relatively constant (less than about -2 dB) for 5| nals up to 10

GHz, and shﬁ\g@fqrrewtln@ggfwfs(é ‘60 F00ps£10%196%, %nﬁé5@a$r@0 s8@%k ThTfsert i on

| oss for ik ly,
wor st - oadSHBEX sBhiFndRaletne delishibee bt B singieCen Ol gl WPwol EIRET Y 4PV,
measur ed daﬁeraarahnmedmheadjgcwtdxﬂhrenﬁalpiihe cross-talk was neasured for 40
and 100 ps ri ' r % 90% of naI | evel -1 G .43 depicts a
contact arr an@@r&% ngf 4@&‘%@?&% cr?jsél BFaﬁ“m“l@“WL? éﬂ ﬁlenf?%lrégﬁﬁcifgfs are
defi ned tigjedtingMore bemRaigle endel ubmhdtt Kgaih, siinaDdonteRAesdsigamal by tadetter 6f S 1 n
each |IMA. The IM.As are the sane as those depicted in FIG 41, the only

di f f er endhe (oEiesRpnding row.ARd grqungd epntagts ars designated bbf GNIpeFor eagh differsntialqairdn ays

246A and e%é}ﬁﬁmgﬁ?a ?ﬁr%@&h%r%tﬁ%%%ﬂd sify Luﬁma,vo ngnéaemedaﬁ@ner}eﬁterred
to as A-0. Signal Contacts are designated yt e letter of

cor r esporediamedjacsnt paifr (6 ancontasts Bydi, $1, &; endidy i TheamusedibplfeKithe VA@HSMM&S contacts
IA 2B, %ertmna?édqn 50 3hths proq,L ?ﬂl?g&geqltasg'egﬂg Ishompﬁge- imes of 40 ps (10%-90%),

100 ps (10%-90%), and 150 ps (20%-80%). The numbers shown indicate the percentage of the

differential signal voltage that would show up as single-ended noise on an adjacent single-ended
contact.

[0187] In summation, the present invention can be a scalable, inverse two-piece
backplane connector system that is based upon an IMLA design that can be used for either
differential pair or single ended signals within the same IMLA. The column differential pairs
demonstrate low insertion loss and low cross-talk from speeds less than approximately 2.5
Gb/sec to greater than approximately 12.5 Gb/sec. Exemplary configurations include 150
position for 1.0 inch slot centers and 120 position for 0.8 slot centers, all without interleaving
shields. The IMLAs are stand-alone, which means that the IMLAs may be stacked into any
centerline spacing required for customer density or routing considerations. Examples include,

but are certainly not limited to, 2 mm, 2.5 mm, 3.0 mm, or 4.0 mm. By using air as a dielectric,
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[0181] FI G 44A provides a reflection plot of single-ended inpedance as a
function of signal propagation tinme through each of the signal con[tgqg\sms
shown in FIG 43. Single-ended inpedance was neasured for each si gnal

contact at Vy(a{h gstll nmes as a signal propagated thr ough 54%2 %gst board,
an associ at ed er -vi-a, ~t he- 5|gnal @ nt act an assom a recep acl e via,

and a é‘%?é?]’d“i‘%"é’f’eq)]@a’rlﬂssl?%°§'ﬁm By tasinedprbar advantngs of slgeien ma(SBﬁtPuctor has a
si ngl e- epgiGfiin gmaﬂpaeﬁmgh axle%semnvzﬂtl&mﬁps té‘f%vfd@%sﬁieﬂﬁés@ cﬁg{éﬁa witpedance

is relatively constant (i.e +/ - about 10 ohnhs_ over l e of the
connect 0£pod Hignsd iereniyand EMIpsrfomngs. Fhsrstand mlone Mﬁmﬂ%ﬁd@@ usﬁrntped ance of
about 40 f n cont act
o about i VEbbAoRkEREshEd: o ANE AT AL ARER, BB chfed el DGl b AL e
Si ngl e- eﬂnastcbngpAdmnoécapww qaphs ubtanhedl ora lawAgeigls, hugh;qaebd mnhctom 10% 90% of
signal |evel. 2 4 a refl.ec ot,. of .singl e-ended
medance. as WBEhcl ik BspidgrBiEracies chdoiefireil Suifirtim iR b he

si gnal cerivadet snesehpm thepurpdse oﬂaxpmnaﬁwahd atih nd widyQo bp Sorfstri€] 4siliffitihg 6fm

20% 80% of si gnal l...-29 1 6006 WO O%P%é 8051 PCT US2004/ 024676
[0183] Fﬂalnwrer0r<§é*§11§1 Eﬁvabeausrf% arip g ords of deseription apd Hiystradionsi gnal
frequencYathQkhanSaitls AflinkibRion] Bik@ler, aRBGRA % iAWRNBN hik BebibdestAbed Ferdh QM.

insertion loss is relatively constant ess than about -2 dB) for signals

up to abesferefasite patisulanstciure safarigls and/oxembadiraents thednyantion isnot anded tot he

sane as E)Qﬁmlltgéﬁlr ?ﬁ'tll:tﬁél@d sQfoséd'felein. Oﬁﬁﬁ& tﬁ @l?t}on ef(%ﬁsllt% Ffﬁﬁc‘uoﬂ%& and 44E
provi de, respec Yy, Worst case neasurenbn 0 tl i've near-end and
far-end eqtﬁsaitmlskucawesmmhndednéuseeaum asfaret\hxﬂlm ﬂgrsaépe(nfmheaappmdeﬁlokaims oss-tal k

was rreas fro %to 0% of. . Si naI [ 01851
FI Gs. 45 IﬁLﬁ %‘ a@’&@%’ qsfﬁlP s pEhIs spegifigprign éﬂac?'eagkéﬁtggr essor

i njecti nﬂuﬁ@ﬂoﬁ@m@ﬂiﬁ@atﬁmﬁ' tHetet6 Qﬂiéhahgeﬁﬂia[y be Slaﬂélalith@lﬂfdéﬁeﬁ‘ﬁﬁg féM tilasbgded by
the letter of the correspondl ng row, pairs are surrounded by boxes. G ound
cont actssﬂﬂéoﬁbglnyﬁ‘&t"@dnlﬁ S For each differential pair in each array,
hal f of the pair was driven (i.e., contacts B, E, H K and N). The
near-end and far-end differential noise voltage was neasured on the adjacent
pair. The non-driven half of the aggressor pair was termnated in 50 ohns.
Cross-tal k percentages are shown for rise-tinmes of 40 ps (10% 90%, 100 ps
(10% 90% , and 150 ps (20% 80% . The nunbers shown indicate the percentage
of the single-ended signal voltage that would show up as differential noise
on the adjacent differential pair. [0186) FIGs. 46A-46F provide cross-talk
measurenents for a differential pair aggressor injecting noise onto a

si ngl e-ended contact. Again, signal contacts are designated by the letter of
the correspondi ng row, and ground contacts are designated by G\D. For each
differential pair in_
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each array, the pair was driven, and the near-end si ngl e-ended vol t age was
neasured on one half of an adjacent pair (i.e., contacts B, E, H, I%NW'ﬂl(]b‘
N). The unused half of the victimpair was termnated in 50 ohns

Cross-tal k percentages are shown for rise-tinmes of 40 ps (10% 90%, 100 ps
(10% 90% , and 150 ps (20% 80% . The nunbers shown indicate the percentage
of the differential signal voltage that woul d show up as singl e-ended noi se
on an adj acent singl e-ended contact. [0187) In sumation, the present

i nventi on ae adscal abl e, inverse two-piece backplane connector system
that is b «a;\tds PBfi%an 1 MLA design that can be used for either differential
pair or single ended signals within the sanme | MLA. The colum differenti al
pairs de['ronst&atlgt aglolnnSfrtl on. |l oss and | ow cross-talk from speeds | ess
than appr 6xi met et IeaEConeesIol SOMRISINg, o at er t han approxi mately 12.5 Gb/ sec.
Exenpl ary confalgmara@ntaﬂsmmﬁlelmdtecal]s@onqnambonnattsfmd 1.0 inch slot centers and
120 position f aters thout interleaving shields. The

| MLAs are stan ({)f(r)arrlneelhv\}?cg corgz%satr%%ew the MLAs may be stacked into any
centerline spa\&hemgn (ipthaicomattsiroay wusledively deegreied,ywhile fixediini thgleabfianealey at i ons.

E:’(aZPi)ersm’lé g é{'glﬁ‘id orlg%}lalac gta&g cﬁutﬂl Xn g(ﬁst ldésg%&tioq W%%%%ng\ﬂ% g%hg? 0(])_ 8(r)rr5n1

PCT/ Qszooamﬁa@m@v @gmdh @rie corsprlsnmraomeadOﬂ S@gnall @sslctp)eanﬂ,omrmm@d dByignagiki,rthe f urt her
f"‘d"a”t age, 91]; & lf(ﬁ'ﬁlt dt YTRAR grsfn le- eﬁ&’e‘d% (ﬁnﬂ%o}mutctm gu)etﬂg Qonltek/hﬁra d8£ Eﬁ@%}{

i nvention he ps to provi I eldl ess condector wt sl gna

i ntergri t9neagreun@Montaelr digposrdrrsiincerit e thet &t riehstaprsndifferiatial plena;hptag iartheefit user to
speci fy V‘ﬁ@fgﬂﬁ{ontﬁd%ﬁa‘c&@ R thS af'"?eag' 311fee§n‘§‘gﬂat én%l:d Q he{l Shallk Sin t d I ended

signals, or power. l east eighty A écan tal ned in a
| ow wei gh@eSIgmt’Qh (gﬁé%lgre@ﬁrveetﬁws dlfm.ssée!p thetsamg retl%Wb cﬁwaefﬂ%ltrbtbelcqnlfmt t he

foregoi ngarkalth%B{h%é Yifst %Eggg?l !1éﬁeﬂ1fdsthé‘§e‘é§ndb@e§1@nan@ﬁ Q) dach HEr{a? kahtdcPhast €
purpose of éxplanation and are in no way to be constr ued limting of the

i nventio nresamrve serpinpland {x)the gewn cortaq) hasarterminabend, mmbthefmﬂl@%l@ad pfitheon and

i I T ustrat pBhd cohtdd BREnS B&BndEHy dSmPal énum@formemgﬁ%&dfh%fs, al though the
i nventi on has been described herein with "reference to particular structure,

mat eri al s and/ or enbodi nents, the invention is not intended to be |limted

to the pagti CUTI@FeﬁacQﬂczﬂ%bm@Qr dTRMafth N wHRRIIBE contal® nlah ¥& MldcivelLackifidect 0 al |
functi onal |y, equival ent structures, nethods and uses, such as are within

the scopeth®f inatBirddesigariion, the coniasts formps deast opg fliffergntial signab pajf gnd a least ARF t he

benefit ofinddedbeaghi gduch. t his specification, may affect numerous
nodi fications thereto and changes nmay be nade wi t hout departing fromthe
scope and spirit of the invention in its aspects. -31 1 B NOV 2006

3. The electrical connector of claim 1, wherein the differential signal pair has a differential

impedance of about 90 — 110 ohm:s.

4. The electrical connector of claim 1, wherein the single-ended signal conductor has a

single-ended impedance of about 40 — 70 ohm:s.

5. The electrical connector of claim 1, wherein at least one of the differential signal pair

contacts has an insertion loss of less than about 0.7 dB at approximately 5 GHz.
6. The electrical connector of claim 1, wherein multi-active near-end cross-talk measured at

the differential signal pair is less than about three percent at approximately forty picoseconds and

10 — 90 percent rise time.
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What is clainmed: I. An electrical connector conprising: a |linear contact
array of electrically conductive contacts; and a lead frane in mhqqﬁNGWya
contacts aré€ fixed; wherein (i) the contacts nmay be selectively de5|gnate£,
while fixed in the lead frame, as either ground or signal contacts such
that, in a first designation, the contacts format |east one differential
signal pair conprising a pair of signal contacts, and, in a second
designation, the contacts format |east one single-ended signal conductor,

(ii) the gcontagt array. includes_at.|least. one gro nd .contact dis ed

adj acent fo the® %eﬁtré“égtco'm%tord ff"fﬁ'@n]‘f wiieredn) dhea mullisactivg peqrigad fcfcisgfaﬁ‘

desi gnat i a¢es@red] an tHeasigghd-erided Tsfgﬁaladonﬁlﬁ&‘ﬁ tis Qe3€ tlsinNaboar- AVl &d eightgpatenc @nduct or

in the second. grivs nat i on g’tdo*?) 8&) ou d contact is disposed in the sane
rel ative PBCAITS tphco?fc?’w& ta tperc P&/ both the first designation
and the second designation, (iv) each signal cont act has a respective

term nal gnd, .Ig V) the oud as_a d t he
t er i nal % nd eh tr1ca1%onnec or, c%ﬁ aéréxfl wheréin S}tlbacm/e 3r-end cr?ses} ?a% mgersul)ed at of any

of the sityadiffercatin agmab pan?Ls 1€k thawe htwot ﬁoumfcem@nmodxonatdf forty picosetondsvielr ei n t he

contacts {py. ely defined such that, in a third designation, the
contacts @r%qbpgfcglﬁégés:{lﬁ%ne differential signal pair and at |east one

si ngl e-ended signal conductor. 3. The electrical connector of claim1,

wherein thie d'fhﬁ%fe%ﬁbh%}mn%%tgﬁ@f‘cﬂa?rﬁ' 17 whé ﬁmﬁ BRY FJ ﬁpé@aérmkarﬁpﬁgﬁ 6§ 20f about

90 - 110 oh rical cohnec or o ereln
si ngl e- endedinglegnddd siemd rordictohds less thanngiiogt ém@ederpemrp@dainprexmhtebzbbiﬂt 40 - 70

ohms. 5. ﬁmﬁec‘éhcﬁ% P%p(jxmqa(pg}}ngptwpep%mq]sghml wherein at |east one of the

differential signal pair contacts has an insertion |oss of |ess than about
0.7 dB at approximately 5 GH#z. 6. The electrical connector of claiml,

wherei n my ti -ALkieficdl EsHne@51br ELRSE Whaki 1TRAS Hhf @sstalk MGl bRMENT | al

signal pair is less than about thrée percent at approximately forty
pi coseconds and 10 - 90 percent rise tine. -32 1 6 NOV 2006 7. The

el ectricajy, C0“ﬁx%“eie@&xc&!fco&leabmﬁdaxme{vﬁ‘éréln EJ%E‘staﬂiyistlimn%@Taé ¥ RshlES « Bflof
cross-tal k measured at the single-ended signal conductor is [ess than about

five to eioplst vidh temgapatidth hgsyeedarlinesnidoptadts0 pi coseconds and 20 - 80 percent
rise tinme. 8. The electrical connector of claim1, wherein nmulti-active
far-end cross-talk neasured at the differential signal pair |s Iess t han
about f out? pereriiecticalagnpasior vhrleiy 1t gpergin it dogeditishasisle Foded sigyalyer cent

ri se timegon&ictofdts £iB&tisd 168lof GNAACILE: 2B aCitdXindatelydpergi N mul ti-active
far-end cross-tal k neasured at
13. The electrical connector of claim 1, wherein (i) each of the electrically conductive
contacts has a respective edge and a respective broadside that is at least twice as long as the edge,
(ii) the pair of contacts that that form the differential signal pair are electrically coupled edge-to-
edge in the first designation, and (iii) the ground contact is electrically coupled edge-to-edge to an

adjacent signal contact in both the first designation and the second designation.

14. The electrical connector of claim 13, wherein the pair of signal contacts that form the
differential signal pair have a distance between them that is about the same as a distance between

the ground contact and the differential signal pair.

15. The electrical connector of claim 14, further comprising a dielectric material between the
edges of the contacts that form the differential signal pair, wherein the distance between the
contacts that form the differential signal pair is a function of the dielectric material between the

edges of the contacts.
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t he singl e-ended signal conductor is |ess than about three percent at

approxi mately 150 picoseconds and approximately 20 - 80 percent ”Fﬁmﬂvﬂ@L
10. The electrical connector of claim1, wherein there is limted crossta
within a colum. 11. The electrical connector of claim1, wherein crosstalk
islimted as a result of a ratio of contact wwdth to a gap w dth between
adj acent contacts. 12. The electrical connector of claiml1, wherein at |east
one of the single ended signal conductors has n insertion |loss of |ess than
about 2 dB at approximately 4 GHz. 13. The electrical connector of claim1,
wherein (i) each of the electrically conductive contacts has a respective
edge and ®.r esiectectvieal bormaded of elainh Btfurthsr @inptigast twi ce as | ong as the edge,
(i1) the pair zpsfec %grll% a(r:E:oSnt tcpaar‘;[a tpe%ctrl:cg]g néo%ﬁs]u%ti\gei Joft%tgg;[lci al signal pair are
electrically couﬁ1ed edgefio- éage o Che T T St Hesﬁgnation, and (iii) the
ground cont acta sesondliead frame akd whidothipdoaticte dibe seconddigenr imayaane fix@dj acent si gnal
contact in bot ] i i | S i t1,00. . The

el ectrical coﬁﬂg%¥€?£8Iﬁ%F%?ﬁ?%%$%$ﬁ%?g@%y#E@mﬁgﬁgnqugﬁgﬁgﬁ‘@gﬁggc s that

f or m t he indheflfadrfeame; asleithdr groand qraignallvantectsssudi thatain @ ghitsetesigmtion, trereonthast i s
about the j nce. het und. con ;

differ ent{ogﬁqg}egS?]gﬁe gﬁﬁ%‘ﬁewg‘g@ \éﬁgplg%rﬁspﬁcagllg a%c(gﬁm eglt %’?&Ig?’a%?’a'}l%eff%}h further
conpri si népsignafion|teetontagss foen et least ongsingle-endet bignal eehdesiorof t he cont acts t hat
formthe differential signal pair, wherein the distance between the

contacts that formthe differential signal pair is a function of the

di el ect ri t7. mat e efdctrisalt apprentor peclaimdife whergin cppss-talinhetiesen signg Jomtadty inN@y 2006 0
16. The efi&ChdehCtlay GRNIGEE Onidlls iff IRk sBohd lihedF b is RRMRY loSHelW a fredtifiaNd | i near
contact array of efectrlcally conductive contacts; and a second |ead frame

i nto whi cévdhe contacts of the second linear array are fixed, wherein the
contacts of the second linear array may be sel ectively designated, while
fixed in the |lead frane, as either ground or siqnal contacts such that, in
a third dbsi gndheiclstricalgennegipr f claim 17, dyhgieinithg weend Iesd drage fis dispasediagipeest gnal

pai r conmpiithd M8t 18adPinte, BHd WHetkRIhe CRM@IKLS 1imAEHhs al rBsuft of QUbHTRurafiGSiraRAL i ON,
the contacts format |east one single-ended signal conductor. 17. The

el ectri cafo"®&fnect or of claim 16, wherein cross-tal k between signal contacts
inthe first linear array and signal contacts in the second linear array is
limted to below a predefined  |evel. 18. The electrical connector of claim
17, wher el’h t nEregletsr) conngdoraf shan |& whsrelp destpssigfkde imted as g respibofrarptia | ead

frame, ang comest Gidh oRgas WRRSbet ek adjscehticBAticdd as a result of a configuration
of the contacts.

20. The electrical connector of claim 18, wherein the cross-talk is limited in the absence of

any shield plate between the first and second lead frames.

21. The electrical connector of claim 18, wherein the contacts in the first linear contact array
that are designated as signal contacts produce a relatively low electric field near the contacts in

the second linear array that are designated as signal contacts.
22. The electrical connector of claim 21, wherein the differential signal pair of signal
contacts includes a gap between them, and wherein the signal pair produce a relatively high

electric field in the gap and a relatively low electric field near an adjacent signal contact.

23. The electrical connector of claim 22, wherein the adjacent signal contact is in the first

linear contact array.
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19. The electrical connector of claim18, wherein the cross-talk is |imted
as aresult of aratio of contact wdth to a gap w dth between adlﬁ&ﬁDVF%ﬁ
contacts. 20. The electrical connector of claim 18, wherein the cross-ta
islimted in the absence of any shield plate between the first and second
| ead frames. 21. The el ectrical connector of claim18, wherein the contacts
inthe first linear contact array that are designated as signal contacts
produce a relatively lowelectric field near the contacts in the second

| i near array at are designat d as cont cts. .22, The electrlcal
connect or**of ﬁjﬂ]’alemctﬁal SRARSEr 1§ fmm &?f ?«E aﬂtti“-'aﬁ iacepnsignah sptach s Wy

cont act s adjacdntiiles: cantgaprrhet ween them and wherein the signal pair produce a
relatively high electric field in the gap and a relatively low electric
field near an adjacent signal contact. 23. The electrical connector of claim
22, whereisn t I‘me attjceicsintonsdoginalf dtahint ¢ twheein thet dtfactritrifear tdnme@arrayoRt act
array. ?%fla ered.real e%ogle rsgtlnearc taetl ectrical connector of claim22, wherein

t he adjaceﬁ% Si gha con o an@’adjacent | i near contact array. 25. The
el ectrical connector of cIa|n124 wherein the adjacent |inear contact array
Is st ag%%r ed r etgtd £ co?-u?ec&rli] eanfe!ect?lc lconngé%or to: 9 c% tboaar‘cli rcoa% I‘lS?n6 A met hod for
connecti ng an rrca ¥6 rehrts boar a,°oth ﬁlSlng provi di ng
an electrlcalpoonhecmoch@ommnmsmMQ'&mmsﬂmaﬁdtsatswdmbbbonﬂﬂcabmmmoonduct|ve
contacts, e S,far e
fixed, Mgﬁgﬁg%qn a%g%md ?ﬁgd ?Arles@q’vhl olllE%i,'gs'(ic(:()(rz)l{r%dt cc‘tf'rtlfp“t"(’i S’@ elr%fgm)%%hs ef? ectively
desi gnat dhg ﬁmhmdeseﬁfqnﬂ@dntims mhe b¢ ededtifeladesignated, vdile Hiaed @ Ge dnadldramorﬂsact or a
Signal CompGlerShf Bohdtbe a lifhfodrdcPluctifitl, $RkikOlesighfionCADLARLS A n at

| east one ferenti signal pair conprrsing a pai S|gna contact, and,
in a secdedt aedifigreatidl signal peiheomnsining e pajr ¢fsienslzonthcipad, inpeccenddssignatiptied si gnal
conduct Olthe &dnfalts chlh% e 'IeQHQHe 919@& Bfded E@nzﬁl 'cétfagcct@rd(u)% @&ﬁlﬁt ohtfkt tlﬂﬁsp%etif erential

signal pair in the first designation and adj acent to the single-ended
si gnal caodigerst borthe differeatial sigaal paitds thyrfistidevignation ad adieeny tothadinglerndedt i s

di sposed gjgialt BRdRANEN tHeCleBdrdVitsik A, |G o EBhd &Jﬁ%cp@%s%;ed% [1@Ysahdd bOth the
first designation and the second designation, (iv) each of the first and

second coﬁ@taetl@amSWlﬁmrtég praact areny tirbath tha Firse frgigngtion apdhibe grcorsdgsignsiiomct has  a

t erm nal Rr'j‘@'ach @f‘&le ﬁfé{ e)ndts&!%n& SInfictd Bhs aerQs‘Ee&iﬁre fehRinglreRY VM t@ﬁ&&@%oxﬁa& fRds beyond
t he ternlna ends the first and second contacts; desi nating each of the

first and”%‘@c‘@h%f‘deiﬂéidt“ﬁ F‘l?é‘f"“éf@h?“é@f the groundseankgt extendsy beviond theoistmieal ersls a si gnal

contact; oamgd bl siead bontRRNAREhAIRG chdheorehe bt dnddbcon@ RRAFED cortfts dshe
circuit bpard having at |east one signaling path. 27. The nethod of claim

26, furt rFEher @SFAYPE siRgt ordeignglrentastoangl slectd %’é&‘t“§°t§‘§élr’? qlgqtticalicqpnegtgiiPact s f orm
at | east trcalt BdaRIavihg alleasi @B signaliag path.

27. The method of claim 26, further comprising:
designating the contacts such that the contacts form at least one differential signal pair

comprising a pair of signal contacts.

28. The method of claim 26, further comprising:
designating the contacts such that the contacts form at least one single-ended signal

conductor.
29. The method of claim 26, wherein the electrical connector comprises a third electrically

conductive contact fixed in the lead frame that may be selectively designated, while fixed in the

lead frame, as either a ground contact or a signal contacts contact, the method further comprising:
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conprising a pair of signal contacts. 28. The nethod of claim 26, further
conprising: designating the contacts such that the contacts form at iﬁ@siﬂ
one singl e-ended signal conductor. 29. The method of claim 26, vvhér pﬁe
el ectrical connector conprises a third electrically conductive contact
fixed in the lead frane that may be sel ectively designated, while fixed in
the lead frame, as either a ground contact or a signal contacts contact,
the method further conprising: -35 1 fi NOV 2006 designating the contacts
such that the contacts format |east one differential signal pair conprising
a pair of sigrigignating the cantaptiosugh thhteths congnnie ferimmay lleastennd diffessntjal slend paiduct or .

30. The Qgﬁlfﬂ'ﬁ% of, ﬁe]ua'om sggml chﬁtEJ?seran&:OJ{pfehs?'&g mﬁ%lggﬁc{eﬂ Cﬁ%{lay bR @tglctl ng a
cont act desi gnat ed as a signal contact to a signaling path ont circuit
board. 31. The nmethod of claim 30, wherein the signal path is a SI ngl e- ended
si gnal i nggpat *Them@tgodc;mﬁuﬂ% "MlﬁlePJonﬁhﬁh 30, wherein the si gnal pathis a
differential sjignaling path 33. A system conpri sing: circuit board
having at | eaSectosrly sPyRAInE Agopaa Hesizgapied asrp signalopiagtde aé‘é?ﬂ*l‘é%:?%i‘f‘ oxtepri sing a
| i near cQpt&Goardr ray of electrically conductive contacts and a |ead franme
in which the contacts are fixed, wherein (i) the contacts may be selectively
designated, while fixed in the |lead frame, as either ground or signal

cont actss$uchrhmathod oF cRirh B0, SthedRIhOMbI Al is 4 HYICEHILAGERIALR. at | east one
differential signal pair conprising a pair of signal contacts, and, in a
second designation, the contacts format |east one singl e-ended si gnal
conduct o2, (i The ﬁl&ﬁomh&@BO,&fhéﬁMtﬁd’t@éﬂw@ﬁ i9d differagtal siglaBngdatiind cont act

di sposed adjacent to the at |east one differential signal pair in the first
designation and adjacent to the at |east one single-ended signal conductor
in the SGGOﬂdAs@ﬁ&hg:Bﬁhbm@:[g (iii) the ground contact is disposed in the sane
relative |ocation. \Lgl gk" t he cont act [ AL ay |dn both the first designation
and the second H&diPge ?Vél??atteﬁ})omesé%‘ﬁ"hglp@ at"contact has a respective

term nal end, a;( \e)ecﬁi'lbzﬂ @hﬁnmd comprisi}t a Nigar acoht@actnarfag| ofedetiricayd céndudtive he

term nal nt act extg)ée](gs beyond any term nal end of any

end. o i’l g)
of the siGHfs aélgﬂ eﬁ%fr e'ﬁﬁ” %lée CPMAY He " %ctri cal connector is electrically
connected to wheeii(d) chel donfaa@mdy be seBftively designated, while fixed in the lead frame, as

either ground or signal contacts such that, in a first designation, the contacts form at least one
differential signal pair comprising a pair of signal contacts, and, in a second designation, the
contacts form at least one single-ended signal conductor, (ii) the contact array includes at least
one ground contact disposed adjacent to the at least one differential signal pair in the first
designation and adjacent to the at least one single-ended signal conductor in the second
designation, (iii) the ground contact is disposed in the same relative location within the contact
array in both the first designation and the second designation, (iv) each signal contact has a
respective terminal end, (v) the ground contact has a terminal end, and (vi) the terminal end of the
ground contact extends beyond any terminal end of any of the signal contacts, and

wherein the electrical connector is electrically connected to the circuit board.
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