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[0004] One commonly used technique for reducing cross talk is to position separate
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SUMMARYaOF 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
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DESCRI PT1 ON THE DRAW [0014] The invention is

may b gtaghered gelateve thdlap finst atrRy. det ai | ed description that
f I ' by . way, of
B3RS S DRSO g S Al 35 o o Bbnnctrs
also deseyiBad ahclaintedwhi ch |i ke reference nunmeral s represent
simlar parts throughout the drawi ngs, and wherein:

BRI DESCRIEHONGF e SHARIRGE tnoc or o 't hat use
sfdcakf's The _irlpsjeﬁﬁgn ﬁrfﬁﬁﬁertd@ééﬁ;l)ei& Q0hE liefa)1& d%@lif)éoriathatnfollows, by
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B TGRS T
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[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;
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ground contacts;[0018] FIG 3A illustrates a conductor
arrangenent used to neasure the effect of offset on
wondosioisast i ve cross talk; [0019] FIG 3B is a PCEPR2004/024676
| I T FIGNYA s afds AldoRMRIrRrRREURER uBed tbim@Slie Y& effect of offset
cross tal k and of fset between adjacent col ums of
on mulgractiveadress talkaccor dance wi th one aspect of the

i i Qn; 020] F depi.cts .a cpntact arr ement
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and off§& BRfween alfdlent kofuhias of feimfaldiaRiedrd 4B St éife aspect of the invention;

arrangenent’s in which signal pairs are arranged in

c 0% s F1G0d0 #ppicts@, coptageprangementdenwhich srosa iallawge detarmined in a
worsti n \/\s/!1ci gat}iosi gnal pairs are arranged in rows; [0023]

el I'S’a di agram showi ng an array of six colums of

t 0001 alRGarsadgattpichcaninotod amagemichis inwhichsgi@eal pgfs are arranged
. the invention; [0024] FIG 7 is a diagram show ng an
in colympgy of six col urms arranged in accordance with

a@éﬁﬁzr FRE09dLERkL Bhdddis arHSHhdrh WLQQ%%naﬁLﬁs afe hrfanged in

a perspective view of an illuStrative right angle
rows;el ectri cal connector, in accordance with the

' iqn,, [002 FIG, 9.i i d ' f ot iaht .
T 3G, broaTheam ey S urer et s AR Al ] grranged in
accorlighc@WitiFhe\ds st 6f tha id@htibrgn of the right angle

el ectrical connector of FIG 8 taken along line A-A
[ §002] FHIG. 7 i diagigp showingon ATay S sixgiplynng seangpd iy accordance

. [ ztor of FIG 8 taken along |ine
with %B%e?f%hgéﬁebfgthggﬂgﬁ ‘]8% cut-away vi ew of conductors
of[062%¢ HIGhS ienpdrepeetiectiewadlan dlhustretiveriglafangle @lecBical connector, in
taken along line B-B; [0030] FIG 13A is a side
accordafce ARG G a portion of the right angle
eggmﬁs? ' q:qg. SUNERE Hlewdr thd &ht%n%l@%fé&tr?dap%nleét&eoﬁlﬁ. 8;
[ 0031] FI 13B I1s a cross-Sectional view taken al ong
| i[0@27C- C1Gf 10Fis@n ebdAjew 008pdrtieh Gf the4ight anglpelestpedtcomecctor of

ilew of illustrative conductors of a right angle
FIG. %F%&?F‘{"B&Hm‘&z‘ﬁﬁector according to the invention;

[ Q@@l%l] G 11 & Ptop WL potfory bEile SfghBapld@Ectrical connector of FIG.
iI'fustrative conductor of the right angle electrical

8 takepclonegclinyB4¥, FI G 8; [0034] FIG 16A is a perspective
ViGiiopt FGPRE IR B0 RuS i L AN Y LB rEXAHR iR arel Mt ctrical

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. §;

[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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angl e el ectrical connector; [0035] FIG 16B is a
sinplified view of an alternative enbodi nent of a
whamkpisase systemwith a right angle el ectri cabCT/US2004/024676
CQuUBHGt AlG] LG E a fiin@lifidddewofa twanplorfdastisysteewhafinga vertical
board-t o- board system having a vertical connector;
comneesz7] FIG is a perspective view of the connector

PloEB 7O THIGO T Rfa fetebGRNAEH OF tit@WRedtdt grhdportioh §P&R]connector
FIG is a side view of the plug connector of FIG 17,

showfi GOBK}. IBAG. 19A is a side view of a |lead assenbly of

LSBT0 e larlcBodich BBl oFH, 005, o1

FI[693930 FIG. 89 elsidé @lwadf ot lval ssedmibipof e gleg cdrmater 6AFIG. 17;
accordance with one enbodi nent. of _the invention;

[ 400A9) FIG: 198 dericty thy lgad dsemblyroffile. tedwneraing Fi G

Zgboilﬁo‘ﬁb. 5 2 an%ehd o o PRIPRAGhAY S i g%é?:f)rd%n?e with one

recep acle 1n accordance wt anot her e odl nent o
embotlingent oY thetinventiofh;0044] FIG 23 is a side view of the

recepta . FI 22; [0045] FI G .24 1.5 a perspective
vi[%%{)zéf CA&ESQLEI%S?@%WG &e_tle%’é‘é‘ﬁ]ls%?g& tacts; [0046]
Fli694375 P16, 82 RS Sdp§febiivettop Vel 6f a Rc§RIIEHE Rkoddance with another
accordance with anot her enbodi nrent of the invention;

embofld0etT pf te@vepBoiis a side view of a colum of right

termpals, | ' t of
ESF, JHE 871 o BPS RS ARSI AE OTT°\ G
of(004% rHIGHR4 anppeaspeetive viakofafsinglaxtoheni 6f teakstaclakontgcts;

lines A-A and lines B-B respectivel k/%[ 0049] FIG 29
i 110Q46] r dtlEs 25 e RATRSSHECHEY O 2GPnReskqsiit agcgrdaace yah another

emboﬁﬁﬁéﬂtg?{h%if}@éﬁﬂﬁﬁ;t to vias on an electrical device in
a

ccordance wi th ’anot her aspect of the invention;
[ qO&0]] HHIG. 286 d sidaviperdf peotummeofuight/angle terpanals mracodrdance with

another illustrative right angle electrical connector,
anothepaspeet f METBEEMOPH t he i nvention; [0051] FIG is a

PYHOMICIETER. 27 S 1K ar8 ABhYAEWS b the it Ar}%e {ehrgﬁhlsﬁﬂf @i fure 26 taken

el’'ectrical connector, in accordance wt
along Imee dt-Aamd 1in@9OBA resp&tively; i s a perspective view of an

?hh@{ﬁi af-_l%lé? 2§ gpu[osg'iatggme oc%];sa %Scrdlsngsﬁ?&?n%gr%rlrsg sﬁgug &%r%l;ﬂals connect to vias

on an"Bh] deiOMaRESdande VAL ATotRR 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 a 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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with the invention; [0054] FIGs. 34A and 34B are
perspective views of exanpl e enbodi nents of a header
was@soidogl f or a connector according to the i nvPOL/USIN4/024676

[ IH16536 2@ e B aR ELarRSIE SRB6IMERL ¥f £¥iRECtor according to
exanpl e enbodi nents of a receptacle assenbly for a

the ineantivecoonectiog sigdalmgthsdetweenitwo sirtwibbodfrd056] FIG 36 is

' [ f . I mbodi t ,.of !
S SRE, K169 s B B SRR PR PR Plenfa GRS B1ded tead
assemDBf MREAIIANMD thé ffghtiopoar ds; [0057] FIG 37 is a side
view of an exanpl e enbodi nent of an insert nol ded | ead

a$005%b| FIGe S P $g derick axamplpcontachiesigngiors) forprMLA such as

- - pi ct exanpl e contact designations for an
deplc%@,lﬁtgﬁgu%ﬁ as depicted in FIG 37; [0059] FIG 39 is a

Sij@bs9yi diG039 mractidreview od apdtherenxbmglenmtiodirherd o f am smsett molded lead

mol ded (gpead gsserrbl. .according to the invention;
assembhoRRFPrHREI0, tha PXERHE: gepi ct  exanpl e cont act

d 8@0@?‘ atpQ8 40ARB0@ BepiM RampfebodtcH@Righhfshs Br il BMLA%uch as
[0061] FIG 4 1 depicts exanple differential signal

depictediim F@9%ct desi gnations for adjacent contact arrays;

[ = 2.A-D prqvi raphs of nmeasured . .

oG G+ i Pt OB A D g TeRT gignations for
adjacdfRbth@triaPs:FI G 41; [0063] FIG 43 depicts exanple

Sld)&?l e-ended signal contact designations for adjacent

c

Qtt Fep.A2-Dimmoeds eraplssof megsiiredpeforancy fofndsacgnt contact

. e for adjacent contact arrays such
a“aysg%‘éggéuﬁg‘?g%&?rgﬁ@%q’43; [0065] FIGs. 45A-45F provi de

CeEs3] t HI&. A% depicte pennse implecendedgigralendiact degignetsasifor adjacent
injecting noise onto a differential pair; and [ 0066]
contagt|agi@ys;46 A- 46F provi de cross-tal k measurenents for a

difd¢ le'ﬁl. al 449@E{pr@\g@5 %ﬁ_ﬁé’ofi ﬂéa@ﬁkk&%&f@ﬂﬁaﬁﬁe @t adjRent contact
si ngl e-ended contact. Al LED DESCRI PTI ON CF
arrayd dukchIST BREpiCto@ irERIBOBBIVENTS [ 0067] Certai n term nol ogy

d j fol] ow n escriptionfor .
colhsT: 3368 L P ne ek S B BBkl furLiinglg onded aggressor
injectlgMdidentitd Daiffefrdial pAR ahd any way. For exanple, the
terms "top," "bottom" "left," "right," "upper," and .
" 1[QRGS] * FIES 4pdatel movidetcressdalk meapiremppts feis differgnpialpair aggressor

.. reference | s npde. L L.se, the ternms "inwardly" and
mnjecting KRS8 %5 glé’g%fjeg’ﬁ%‘hé&‘ I T'ections toward

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

Y <<

“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
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and away from respectively, the geonetric center of
the referenced object. The term nol ogy includes the
wowsodeisabove specifically nmentioned, derivati VBSI/US2004/024676
conng¢iersaint cmppdcdvar e assignee isi [-BEAMD tachnolp ) GEJ aie—dﬁbb!kREH) and claimed

o SRV S ATl SR ST B T b MR
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o1 TR 5 sty PN, A TR 0By B Uy B o PR PR Ay incerposea
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line gegmgfry 4z ks ﬁfgms%PWéW Verflga) agRgegnans ph g segnal conductor shown

geneﬁaﬁ? taf Rlrhé&d 1 W&%&P@le oY ﬁo{?ﬁ%‘al fd%l'é%i&%ﬁ 34 lahii éﬁ %g%ng a
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s T SR AR B LR g

dleled:tt’lﬁ eogenNe). I h Anheshedpplictionbmhe codictdreonihdicdd two sectlons 26
arrangenent of the signal conductor shown general

and 28y, that t sed-iesend erface(Rofapk r Thedhicknessi te prd tarof the <aylé¢tslc layers 12
and 1421056 e dlh @éfﬁtﬂﬂs the Qh?%‘gtg%{tggg%g&?&? ﬁ{" tht% tlaaﬂgn%&%ﬂ ?{18 raﬁxd the ratio

pl anes and’symretrica op an
of theeolpeal! fightiietochieletnt vidth Wheostrale the2lecarticlartPmadnetib€ield penetration

to an GBFRE prteck. SRS EXReRENLIONAEE Brihe pI I it the fagio hiwg necded
to mifiGe! fiétFer&te|bdydiiCA YA BIWELIE B€ hpRBRimaty 2Ry §a§ 111&%%{6{1 in FIG.

abut end-to-end or face-to-face. The thitknes
2A).the dielectric Iayers 12 and 14, to first order,

c e of th ) :
©AO0EAT St e Pnd 0naRa BTG 28 R Spisplintiakrat gtoge in the
a1r-dlblebt@1c(§pﬁie€ Cltaking Mdéhﬁboféﬁﬂﬁlﬂﬁie%lds@@o sheesiithé Groand planes and following
magnetic field penetration to an a lbacent cont act

it out @wgﬂﬁ the howpdaricsénand: B.ahwilkbe seen thae bebrhotndarp i etfaundary B are

fegd terf b
vry 46 T8 Bl BT L Tt Bt BELRY GE 5 M o
boundarA #hd)bouph@&y H. TﬂhﬁefbtenEfSWB @r mdds I- &fhpe@ﬁmoﬂﬁﬁs 3% plited side-by-
i potentials of voltage in

side, &g GoBf piTEACE Bais betinen dir BACUEAIIDBROT belitiso no
1ntenﬁh§§1§‘g &pthQ B?odﬁfes{ 849 rlﬂ%@ﬁ‘eraf %e&n@’m?lf \Qigllt}f’W Bh dikle ?ﬁ’xtc

t owar ds boundari es e seen t
thickngssels th mﬁmgldybe/‘snmil doopattdrty the diclectuie midth vase nialuldysitch (i.e.,

und pot.ent i al s nmeans that virtual ground
dlsmgﬁ??%@ﬁ é‘fee&t ‘}d Eegjch of boundary A and boundary B.
TheoR=f orGiven fhe&ﬁ&h@iﬁcﬂ‘ébl@stﬂalrﬁ@@tpﬁgraﬁﬁgﬂ lc6neRfd? dBLiAE §Bwas found
si de-byside, a virtual ground surface exists between

in actygldy thyd theqopgrtioning ptéthmsxgnab@nﬂuqton (éladg/bnam contact) width and

oo e AR ST e BBE G A
mterfex’emd tdlghEe)astEHe_kwmImj%ad steal chﬁddctt@nlse Cowefetideli PnsQfsing the above-

iitch (i.e.
descrlg'oéj i'l shap%d geometry tend to have lower cross talk than other conventional designs.
[0073] EXEMPLARY FACTORS AFFECTING CROSS TALK BETWEEN ADJACENT
CONTACTS



di stance between adjacent nodules). [0072] G ven the

mechani cal constraints on a practical connector
walemwsgmosit was found in actuality that the  PCT/US2004/024676

pri6gBN t iloncergdafcemith the grvahtian ﬁﬂhlratmrpriﬁlbipd?a:éellebﬁih&d above were

t.act i dt h d di el ect d
AR SR S S Bt s s
cross AR bB®leeh ﬁ%}@éefn@ El%ﬁﬁleomaGl@t evelt liStheRBEAMBEBS ﬁﬁlélaé:ﬁéﬂveen the contacts,

signal conductors. However, designs using the

by deterpiniehat annseriiate W@e@@@ﬁﬂeﬁme‘ﬂé afithe signalvand gromnd contacts.

FIG. 2 B iRy CehCatel ST bR o Hhiagir olbmn-based

differéidibACighH] Iﬁ(ﬂSFAST 5] £6otdict hitaseamhtiefighalbéliadt and ground contacts
|nvent|g e ba |c nci pl es descri bed above were

G accpigiinsiort %\HB(F g\s&)aﬂa@a ling® A2 arecrlesast th éer@rwlw@atour lines

44 ard Qodlet BI-TWBR, eﬂﬂvléohﬁ)u?}iﬁ& A6l BRGest td 0 { v, OI?% @%eh observed that,
bet ween adj acent signal contacts, even

although thévellags dbes nud @ncaskrzily gotazdrs at thy “quett dififeremgp] argnal pairs that

e LB B PR AR B e o
voltagéQirpaend oh the posicivgebi and dﬂ‘fer@ﬁlaﬁﬁéﬂ éigneﬁ le’i’tﬁ& iD3SKRA the same as

differential signal pair S+, S- in a contact
the voltage,ippinging opthenegatye-geing auiesdifferpntialprainsighat oonttact CoGsequently,

the no@s%co%rtﬁé gglse% &tnt Q\ﬁnélpl\é\?ﬂ{ élﬁ@renéés nSJ&?t (- be(fogép% glpgslplve- an?l negative-

are clo 0 zero cont our i nes
goingclignalsits clage tdlzerol t, and contour |ines 46 are cl osest

has. b observed that, alt hough t he
v $0073 e T 5 SR sk 2Py oy sipa ol and mand epiasts G can be
scaledjdnfdf}ﬁﬁi?iﬂhé@fela?fvg Rebnd @ okrer Emtthgtrﬁe{h } wuﬁﬁt é%n%l fnrheﬁrst d1fferent1a1

actirve pair, the Interference wt
mgnalngmprqducgs a Hﬁ@tﬁeﬂdsH it fthee gapluea@@nltlmcqlmctghmfohh ehe 51gnal pair and a

low (lpos : I 5] Eg ajiﬁ?lﬂ %rop ;let}ali'?tl nrg;lz}r gﬁ g ]ggetnt signal

pair. U@ﬂi%tlhéf@}yg&bélgtamtbe@ﬁleéﬂ adj &E&%ﬁ gridl codddis &'n%mmﬁéarﬁ) %E(t,eptable
Consequently, the noise on the quiet pair, which

levels fercthe pertisnleneplication | Insyeh esanogsens, thi devebel Qrossdalkdmd)veen adjacent

s J59BHS9PLIR 2 R 55 B GO T B wscn

contadtOiRtupatcessary aneDR glakedd, aﬁgh ﬁgﬁdltimtegmy abﬁh@hbﬁ@ to
one _anot her such that a differenti al al ina first

dl9078} e Ahyogh Sirgfies pnyysis ofthe ébfb"@sdeécrkheg “Shapaddneelsit has been
found gﬁr;hg t%ét\%‘?%ﬁiffgﬂ?él%ﬁ t& VMR ot tap gttltléa?e nlt &'pﬁ )sgéfng&f Jt ﬁz? Y d1so been

ose to groun
found (lwit e member ofi factnrs qaotaéfiattithe Devei&ff rcrass taklpetoeat adjaghn@bignal contacts.

air s uent Qs Kk betmee adj acent signa
A murfi b B TS BEF dabirited Aetad belat Hveh i Bme e dRwnere may be
othersPldditfonkBy, tRGUHN i€ Rtpr&Brred thaHULHF tﬁ@é&rﬁ&&@ e cohdifert® \{géhould be
of cross talk between adj acent signal contacts can

understoad thatceacl facks Myl alone,safficiandlydimeiticiosy talkafod a pegiculaf ppplication.

Aoy o2 14 SRR BURAGE T cSRPABEL, BR300

arrangE:ﬁi@ﬂt&br a'bmuglhrédimb&tsfd@[g’ml ysis of the above-descri bed
shaped model , it has been found that the unity ratio

okﬂﬂﬁéu gk t%e%mcmsrn talks hardreen Soundite pecur whsrg adjdgenisgontacts are edge-
coupleﬁ??&?@heﬂe%h@@c&e%f e B&RLLL 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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found that a nunber of factors can affect the |evel of
cross tal k between adjacent signal contacts. A nunber
woboosocdst actors are described in detail bel owcCt/hs2g#024676

the brbﬁd Lide 8P4 £djRRhEEhntRAL TROESIRrTBY e RUPRIS the less the coupled signal
Additional ly, though it is preferred that all of these

pair’sfetastrinad fipld witlrextend tesgards an mﬂndpmarume tess tycardshige unity height-
to- wuftg'ranbo aict of Cg]I%XH s%ag(?de the r%{nt,all (r:ﬂ&?lgfigo {Fo ?p(i)rhﬁgt%ont\@ li(have to

approhéH. |Etllge&©ulﬁlﬁ£gt f§cal o fbﬁ‘srﬁﬂnﬁ Igd[QWﬁﬁhs lﬁbtdeérﬁidjad&hﬁ@rmectors and
suj tabl e contact arrangenent for a particul

thus fagligtss it achisyegnt qfo’@mbleal)m@éggceé?‘@é%mt%lkcmt gensify connectors

WlthOElptlﬂQ geé%?%&ﬂﬁ s Ere%jc# a8 %hﬁ%ﬁéqslﬁfegy eﬁ&e&%gleeﬂ has been
ere the edge one nt act | acent

foundtthat acghperfabowtd. 3&0;4emmns adﬂquataad: proviveranviimpedanae patmut 100 ohms

ntacts are broad,sj u ere the broad
wherePREScts e cdghpaied, STURAEBR AL 245 { miy DR ePAUNGE te same
conta@d aﬁ%r@é@ﬁ&e QUMD )acl‘iiévé’l‘h@ kfmé RfpREdeR. HdgedBusliptA6 facilitates
I's adjacent tothe broad side of an adjacent contact.

changTIt&cqnutagh wédth;and thetgioregappvidily as theconiagiextends dyapgtediclectric
ai.r's Iectrical field will extend towards an
reglorgd?ﬁ%cﬁ?e%%ns “Snd the | ess towards the unity heightto-
W[OU7B] r &) i 0 [oHastalte been Gundithat cﬁisataﬁdcdnw&ttmay rem'udﬁi by varying
.a connector application will have to approach.
the “asprepratieg’ e 4B EAtOGRSOEM Riteh (- %rthséﬁtwawgves%mé@m columns) to

the gagdqgas@eﬁata dFRBAREHALR in l@@beh Rifigliaci i tates the
evene esirable 1 npedance | evels in high
(o) g A c@lenﬁihby‘ staggexdng’ arf adjactrit cokunink eelmtda@ctofooe another can also
oo AR b SR, STl SR ASEOUEL S ot
contaé'fﬁniri S ﬁ?s‘fl 88U AInCard foﬁkrt ea1htekR t8RdjabRR dpnslcontfacRR YA aég@@ent column.
where the contacts are edge coupled, while a gap

The aofoualmfmffsmmray be rferc@@ga)ﬂg: afiléraw piteh Gamdistanee hetweemadiacent

rows)cléaag? Fchvﬁ pg?}gou sgﬁh‘ert %{f ce%ﬁ%ﬁaﬁu?ta ?na%:ﬁzf:f)atgﬁ(? V\? nq?e]vels oq%?oss talk for

a partidd & ebeRtod ABsiph. dit Mas BéentfBgndoand the bpténisleyTiist ddpeadiddh a number of
di el ectric regions, contact regions, etc; [0Q078

factorhessich pg eolpme p1EBUAY Ritshtthe s of H}e%e@aﬂalbeanéfthf‘e%lﬂeefél%ﬂonstant(S)
of the 1§§11"l'§tﬁ1% Iﬁé(teﬁf?{:sﬁ a{lﬁn& I&?e ﬁﬁlﬂglgtfof @Mnﬂgee : It h8s alsd Bgenrf@ﬁﬁcpthat the

st ance ween adj acent
optimabdfiflsen H)not ﬁedebﬁn@a‘@rhﬁtdvéeis vadjodier toughtnt Hat %, the ogtimal offset may

be anulTRAPE BICALITE G ek AGHA 1 SARISF RO PRI R (e, ull o

halfré)\gx)ﬁl:hégﬁ cross talk. That is, cross talk can be
effectively linmited where the si gnal contacts in a
f i[0@R0] aIGnﬁAaHmtmtefs gepntael atangemend thed hatleaen usédytoaneasure the

effect?f&&%tggttbsefwg%]en%g ad| t Fuémfsclﬂ%: clflﬁr;rsg\ﬁllgr ? %sg r("“”go Sg)d?osgt%%glfferentlal
s1gna1*§a&eﬁ@@15p1@du@@mtofmé Painalahd A ctiowPRir 0 INeaPEndBEysAIR Ixt] and
di stance that results in acceptably |ow |evels of

Nxt2 weessdetergineds ah Quict Pairs jocuhigh ne sigpdctasapaiad, gnthe|offspdbetween

adjacdf b BAths VAALd KB PR'S TR, I"xﬁ&%%a‘é‘?&@ R Rg&a{ﬁgﬂgrgg(gge is

rs, suc as colum row
induced ofi fe quidt fiain diodn t}ﬂmdrrbﬂit&ad‘ymg%hlracts i mnsdtaraméﬁ) of

thelnsulatln aroundth ter
oA o A Shondn B0 dRthe iagrdengg of mult-setive Sross 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

-9.



optimal offset is not necessarily "on pitch," as was
often thought. That is, the optimal offset may be
wa@nyosloesosl al ong a continuum and is not |im teBCT/WS2004/024676

cross VMO FBmf dadk bF ARGvEPaiR1 (@shdd ifein{FRGI3B) drdl AQive a2 (t19W solid line

pitches). [0080] FIG 3A illustrates a contact
in FIGr3Ban ghsiit hasthsen shosvbatadipsent cobimmnsasn be veriebly pffsestrelative to one

fset..bet r ast
anoth?r unglfl afy Bptlm}l \rlig\zeg ?gllogscféﬁ#l?eg\?ééﬂghiqc%& alr(s)%ag‘ooval\gl} lé , in this
examplep! i ed to each of Active Pair 1 and Actlve Pair 2.
ar-end crosstal k Nxtl  and Nxt2 were detern1ned at

QI82] pab) r , Tieoughithhadddtion efrpatergaaningpdie; dee plagenignsof ground
conta@g Btsﬁ{er%gteﬁ@se AHcBHRIhta Epéollllm:h?s néat- éﬁadjcrwsotka‘ ‘NEXT”) and
r en 0SS ta occurs when noise 1 s
far-enﬂmdmsseaiko‘fFE)hﬁ”)epan bt ﬁmsher rddonoedd;t he current carr y| ng

t t
oHOSAT o) 1 ofFasBfeorgen ot st BBk heP SRl Py B 0r g dhe absolute
dlmeﬁsﬁlnlé of tal c%h&btsiﬂhleq)rédeﬁﬁ‘ng thelr lpropodtidnal %d%d@d@tﬁ@fi:la&fonshlp)
fsets of about 3mm and about 3.65 mm In thi
prow@s per inprsased aentagt dea@xtty (., theyyrnbegjok cmgct%mféin@@m@él)wthout
b talk f
e ST it B AL S SR, (oLl T om

Aq0084¢ MR dondideiilg Mnyser alicbflthese fadtork;| a(&onﬁB)tor chh e, designed that
has. been shown that adjacent colunn% be vari abl y
delivesy hightperfermancgdl-¢ oloyiacidenseroé Fragntally), hig B?fidr{ﬁﬁr jgakpler than 1 Gb/s
t
5 B Ol % Ry el
contagys.oltrstisyld .atso betunderpioad émt michabngeotars dnd:tmhlaquﬁ, which are capable of

.al ternat.in ds of adj.acent conta ol umms, h
providiai fucdieh Fsed comAunoaNEIRraF AP 2R TLERL aghpectors
accor&mE EXthe)inf@fioR ﬁa‘ﬁéﬁeteﬂ 8howi§ QH Gk CBSQQ@S%I}Ig Qeenatiof) 36 haleSear-end
beén found that scaling the contacts (i.e., reducing

cross tahleoﬁl@smtlham abait &&(mmdofﬁsemﬁ crpgectalkariless thanabputed %, at 40 picosecond
rise ti r\g{ F‘ﬁ%?ﬁf‘ﬁtf 5%@| rt I 9nrc]3%r 1n%1[1]d819c o%%étgrts caré have 1nsert10n losses

or I'ncreased con

of les§ thafl aboiitlte7 &Bﬁb@GHQfarﬂdﬂﬁ)a@dn‘ée pRkchl dfabaut 100ehy omm hmusured ata
adversely affecting the electrical characteristics of

40 pigosecond fise SMmsr . [0084] By considering any or all of
LiGed | dakose. ‘&%ﬁ&u’e{r{éf@&ngﬁ BEFhRARESL Bk was determined in a
del'iver s "hi gh- or mance , low i ncidence o

worstCCBﬁSSB:elhai'ld()Crolss' lglk fpaeach & six sttagkingtpairs SheS2, 534, S5amutl S6 was

s SRSy ' QRS S314905 SYS L KPr ot i

neareﬁm}ghg oRhS Pail8o lé{g‘ilﬁf pioed Itﬁﬁ@beé#ﬁ‘e?erﬁﬁﬁ%QﬁﬁtQﬁé a(ﬁﬁﬁ’onal affects on
techni ques, which are capabl e of providing suc

I
cross sqdleeﬁwct@tmmm\é fomontacking paisg %bam% mlneahgl bwél'rhe@p@gd@d cross talk
from ns%ﬁe%a?gs ooré% tflcﬂ(é}lé)%até% é:/eenn 1&%\{) %&%nglﬁl Vgﬂ)’solute

ave ear - en

value§ bOHe peat Jfro@i talke®Sm Teh@i’bf&b@pﬁuﬁ%ﬁih&ssﬁﬁhﬁes&m eB¢tOgr is fairing at the
al k of less than about 4% at 40 picosecond rise
hlghes‘q lméel alliat the@ams tige: chus, ipshanlddeg yndepsiqod; thatdhis is apRrst case
n f less than
s YRR -CA e TR SeRpgRest Lo 1o
[00863 ENBMPEARN EONTAGT 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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40 picosecond rise tine. [0085] FIG 3C depictsa
contact arrangement for which cross talk was
walewsonsoned i n a worst case scenari 0. Cross taP®T/UBING/024676
“row e@g@xg Rhdishir f%tet &ﬁlﬁhﬂ? RédownSkach SBlume40 154’06 cotprBY iPBrder from
etermned at a "victinl pair V. Attacking pairs
top toSlottod2 a fig8 diffetentBh sigaalpaBta first geiund obnductored sgeond differential signal

i 55 AP S B s g o o

top toltAktbmah fivét @l ffePefadl kigall Ja@BoaptigilsisishaPeindGctSrk SAPhndS 1-, a first
IS negl i gi ble. The conbined cross talk fromthe six

ground eanduptordai agtened differeatialmignahpaiscopprisigyigen cepdictoagS7+ and S7-,
I
and a?é(cgiin}f gﬁhﬁﬂ CFH@EC%S@ E&cﬁ’x %ﬁh%gigﬁ; ]é,lb& rrieh% qon] “SE% %Eﬁlﬁ%ﬁ#’ K¢ ground
conduictor§ &l Ravgs 4itl mumlnlt@wmr chapride st diffetentinbsigeahpairs, amd rows 514
o ST OSB890 L0 o1kt 1 of o
condurcfz‘o%J 111tn§t <§5’5‘§%1ﬁ HRRveRA Qﬁeeéf 1 phiBORbw EXEVRLARY mgrpalrs in rows
MENTS ACCORDI NG T E I NVENTI ON [ 0087] FI'G
414- 4diép[n:’(hs embodimmnt slerwil B 16 4 4y @tmgemgnttdféﬁqwtamsumn columns can

prov1€%aﬁw§ﬂ\%0cf EF@HE%S?%%I dzlfl}cgs; %%n)&g: ?1}? colngecgor 1§ﬁavodd gh%@élds itﬂe contacts

can bé& RladETsative(y ardes QbdnijRf« 16 thade i OtHIRCtof RAKGsHield§)N Therefore, less
di rection al onghv\/nl ch the contacts are edge coupl ed.

conneator gprceiisngsdesd Enaphiaye sie desired banedanee) As shown, each

C -4

MR, 45650 Dm0 o0 PPt v
ground® Nk elicdwn infFIsk dBna grbuhl eowadtiGtarsbegpladedn Balc,h emdefaach column.

second ground conductor, As _cap be see fi r%fg %ol um
As shayn 18 Blfpr4(droR it CrerBhf Plsed agtsmasﬂs sfqf adjacent columns.

i

It has %legﬁ il ftﬁa% k}%ﬂlgibﬁlgpggfn% gr‘églﬁlﬂéﬁdélt‘i%c? 68 ag&?gtélggé&gﬁ%tfgﬁﬁcent
colundisfrésmite it & aﬁ%sre@wabn paNEXToaqdra &% eductgerain KX ascampared to a

S7+.and S7- ndc dcto Fach of
comeEiar AR08 A AR T RERBr e LB e S5, egf whieh s RO such outer
groun@@NAKGS FES béen BANE titht Badetafly thel ABRIBRIts COIBE Adheevet Xhrough the

ifferential signal pairs, and rows 514 and 515
placemegtelﬂmur@mptapts@t hwgtené& ofsgverydionfast eqlumg) assshgyyalin FIG. 4B.
The r r .

Cons gtzy, txt 1S pref r}r/\ésd t%?ﬁz%c%%qte?‘ é’ﬁ é.l?n sp %t a?tgﬁlgﬁﬁg ngdécoif% aﬁaaér{t I&)fumns in

order$<b ﬁi&ﬁéasep@drit&t densit9\(Eelatil4 1¢td bonrettot rewkich Odtel’fgﬂi‘undshmmplaced at

in FLG 4A,_ arrangenent of 3%? [ ts into col unms
bOth‘é’éiﬁoﬁﬁYf\ﬂ'G%l“FWéW O ipgrepsipg thy leve quf%{f’ssﬁ rs. Because

b 260@2 NGt éttlv’egl de %’rgirwgl iATFI6DS &iffrendid1Si gﬁ@mﬁ%tﬁa}p&r‘arranged into

made relativ (conpared to those in a
rows.CAp slepyom Fi&v iS5 n@ch mow|5d$3516 Tomprses agepdatisg swnmcxtféwo ground

eded t.0 chieethe sredl
condHmB a1 AU AR RO LI COnEPOrE: RLUaRdr g '¢bio rieht, o
grouddfb%naﬁef&et} %‘Hlff&@ﬁtldl RphHIdRi8IHE 5 19 AU RHS grofifid S6iMtord)G. Row

a ground contact G can be placed at each end

512 compeaftshn oulenfrom 1a8 te highin a |drffq1:¢r@a1 signal pagrSBind2-c bye awund

Y

betw&h%ﬁjhdexﬁ@lﬁn@p}ﬁalﬁ 3 thl eﬁrﬂfoﬁﬁﬁérﬁ@h@ﬂdﬁl HG. &Qarmeﬁlent of 36 contacts
colums results in a 35%reduction in NEXT and a 65%

into rpwg| pravidss oply exdifigeengialsigiiab Baifo a

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

—t
pd
—

shown in FIG. 5, it can be understood that a column arrangement of differential signal pairs
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connector having a contact arrangenent that is
ot herwi se the sane, but which has no such outer
wW@r@sno®s1 It has aI so been found that basi cal | pCT/0I82004/024676
result$ H'Fhi gﬁeﬁ*ﬂeﬁﬁ C)p ] @&rﬁé&é’ &idn HHEQLY &Pﬁﬁ e Wev@f for right
ground cont act both ends of every contact col um,
angle aemsdcmmanrmﬂ @to 48umBeatpgtsnvithyn aldtffarsntpul ergealnmt hage different

ac a rnatln end cept 1
tengtfep B e Te o BE Rl St B R RS bEvRePed Sk Simifasty.
arran e%e"i‘xt ePapes ?)Qﬁs info ¥ires Fovddredol@hmuhsisreailCindihReDdir 8kew because of
ends of every colum) w thout increasing the

the dlffexr:et cmﬂu@tpob@gﬁlapﬁdlffew@glffeﬁe:qt@} signal pairs; | Thys, B i5bowHd ba

f e
underpigif v MU FFLb et of e Ty T AR RS hefit bontact
densifye pe@igem@nisefqhesigral phirs ito golomnsiocondiwah be shesen far the particular
differential signal pair. First row 511 conprises, in
appliGgtiger fr omleft to right, two ground conductors G a
. g?}%ﬁiteo KdoRld1th Bf‘@’heﬁﬁ@[‘ the Stefial pairs arcAMAnE PN RMAGT columns each

G Row 512 conprises in order fromleft to
differemtgih signal palirfifae p diffdremtiad urgpmlaandb@Qeen the pgsmvmcogndwnd Sx+ and
con df.feretlal

negatR ORI B RO BT EMH S D TR U REG ts Rfed as the
1mpe(ﬁgb@€)ﬁ§ﬁng96&®§én t%' 6g§1a1 tdhduBBrsITIRd ARt ffefeaMal sigha zif:r ata

5, arrangerrent of contacts into rows pr ovi des on

particplangoiat alpag thetlergth of Gealifferential sispa@an] Asyis W@Hﬁé‘@?"%lﬁ 1s desirable
o corffy REMERSTRRRC B i F el RSt i o
whiclethe @bikiBato ig cngedredt M@fchﬁgftﬁedﬁ'fetermhl mipgdace Z, to the impedance of
pairsresults. in a h| gher, den of signal contact
cloctrlcmbsiovRSIBINAMIZh S AR AL AS UREHER B0 s FBY tesipcs (g gandiit gveral
systex‘é%?ﬁ&gfdﬁ{ SEiHHeARGE it llsrﬁeguﬁdgve it ronPl@td?i‘?éréntY&l ﬁrﬂb&iaﬁce Z, such that

erential signal pair ferent lengths, and
it is sﬁlismmarhby eonssant hlodg ﬂfeelcmth o&thesiifferaitiab aignal peryi.& aswh that each

nt r a- pai kew. SlmJ of SI
diergal SeP AR QN RAPOYBUNET FORTETLTSr  Gdgn ot
| Nb6Y2] PalHe FBTEMNRA GRPSRNSE profig &h@e%bﬁ@&llé&%@dﬁ@b@iltlonmg of the
| engt hs of different differential signal pairs.

signal andsgrowndicapductonse Speaibenliv dtffermtuahmrgﬁarmerlaﬁ@@mmd b!f the
{
proxnalét% So?‘tag}% 8§ ?Sf asI ., aPCOI}%Iu&gp f% yz{ctei?ﬁ érgurﬂi zmd%r}etﬁe g%{‘ﬁ&%:en edges of

enen gnal®pairs into
sig napéonﬂﬁcwérsﬁﬂlﬂnb@ defirertinl Sighaltgair. par ti cul ar applicati on.
[0091] Regardl ess of whether the si al airs are
arlPeRY e Retorrine paws R FLG dAihrditisreata paip goraprising signal

condl%ggrg §k+ RAk4 56 h@% éatéa dﬁéﬁtﬁb lofik oﬁH&e@rﬁﬁl@toP@; ia8H 41lae The

Pvé conduct negat i ve conduct or Sx-
differefteal d1gﬁ1ﬁlqraaru0|nansmgg;r@ial paiductofd 3 e rapdtS1a+ 1S|laqmmbadwent to two

grourLdlsc‘@g f(!tgrg 33? Ié}h]g) | 4??3? n(gclgﬁlgxcla’? H@g ﬁli?\}eg 101%211 ﬂlg}ectors include two

grourf?l"’h'o'hdu@&rs% F@éﬁt k& b‘a{cﬁrdlﬂ?&bﬁ‘t‘ial @igﬁﬁ‘l@ba‘iﬂ”t@ mhifiHgES uﬁﬁedbﬁ& matching
ferentia gna pair. is well known, it is

probldBS| Rempbeing one ohthe @rounlde:oudlfqt@s ésmlctaélb' lgagp tqjipedanqs mismatches that

redudf b G G RAPSFIET Pyl Y HoR 8f bh& Riadhft L6 hE dordRctor can be

compéhg‘ai&ir@flby Addutinp ecogipbetwednlibe diffessitinicsigral psit eeriducad with only
device mnimzes S|anal reflection, and/ or system
one adjagens graamdicnnductern For gxampiesas 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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system bandw dth. Furthernore, it is desirable to
control the differential inpedance such that it is
wanlsasesi al | y constant al ong the | ength of theCT/US2004/024676

makir% thé Q/i@RE bAdigedl 9bRduckré 86+ hndS6- widerthhih e VAN of signal conductors
Ifferential signal pair has a substantially

S12+ end Sl 2t (@vheragontlestenyids isimgsserad elong thy direstion gHthe jcolpmm).
di e [ i r of.i . r
¢ N0 ok Sl PRE e e hot® AR ADCRRRL L) HEFn P Yontclled by
positi&}ri]iﬁg iof theasignal ardif grf)ﬁtcbct(‘jdnidad:tot'snﬁ@d@iﬁcﬂlyi, singletended imgekbdmyce is
the proximty of an.edge of signal cgnductor to_an
deterrped By e @p&fh\fﬂé%lw?fwug@p g@ﬁ%ﬁ%ﬁ@ﬁ@g&ﬂ%f Sigplgirafed
impec&ﬁ?cgié“(feﬁhéd W4 thBifpRaflld HESHRBbeRbech aGial itldhetof Qergﬂ)und, ata
Referring again to FIG 4A "the differential signa
particphr poinbalong therlgngh ghakinglereddet ogral Seadugiod. S6- i s

PR R 0 A FOPRRI oy B b i

systerfi§) e Gesifablelid toahel thegap BetospdonthcRth FGRIM a ¥y théBsandths of an
ground conductors G one in row 413 and one in row

inch. 43ap vagghousreyendi fvihnusangths of g ingh anayggugs A n@cceptable variation
_ j £ foarent] . : _
RGO AENRRRLL, 0 EBEALLEBUER L BhoRlAll shohted s
the erfdr rite aceppaubiy andothecdesign fagtpiscal |y | eads to i npedance

m smat ches, that reduce comyuni cations speed. However, . )

¢ WODY6A TG 6 by e dffgenit! SgRBRATS A ggoup contacts in which
each éé)@l?ﬁﬁ B8 ARthalsal of¥et HRAMEARAd]RENLBRINRE I MREITFENS measured from an
Ifferential signal pair conductors wth only one
edge efth woeintl rthesenaeigd of thercorespondingrtpingnalas thetadyacentreolumn. The

Fl ~ Si gnal. nduct oy.s S6+ and - Cca e l.ocated.a
sspecfaip it AT G Bk =S eP HcE St By RC G Bt ind thatan
aspecilratioddbdd 5 (£aN2 Bfn koGAngstch; 014 hif ep ividth pis aleiatastfficiently

fromeach other. The di stances ma% be controll ed

limit ¢grppsailkngharp ghogolinms ase alse glasgered nhietedhe cadgmng arg ngbstaggered, an
| der t e Wi of signal conductors 12+ and 12-
ach{%ﬁéfgﬁggﬁguﬂfg$%§#gﬁh is neasured along the direction
of[0097¢ X dertribed[2069] by lobiketting Heeohmakesgtheileveh bl mglti-active cross
si ngl e, ended i npedance can_  al.so be controlled b
talk opgyuting BrAmYPagiculas derayingl 4an b Bmgﬁg mi)eeslﬁﬁ%ref echgtable for the
partic?ﬁg Gbﬁﬂe@@é%%{%ic%ﬁ&g' &s SRARHn FTBCHARER cd1amHAGS 61188t %?1 ¥ adjacent

gap en a signal conductor and an adjacen
colungy, authe dirSctiagl aoregitie dolumme daynecdisiascadb f Spreetfically tdednmn 601 is offset

rom LABEAAD5, 38 St e B e e SR BN SR by o disance
and s& Ft. &Sigtiadh shinm!is 685 EidhPhe alif20&h kol Bddhttéintinal is offset from

acceptable differential ingedance control for high. _ _
an adjseerd iroipel 4y 8 adigcent eolumng Eef exapipte, signalnentast 6§Ghia dyfferential pair

o PR SRR R i BRI nc Ao

i OEVSYRYFIGan slusahtes BiasthaRbAREFati@ ofadifferdniial palte wherein each

i npedance profile; however, the acceptable variation_. )
colunjnsoffeimainal it offsst relative fradiagsateqlwans. Frr egpmple, psghewn, differential
pi AR T0 P 8 0 0561 002 BBy g
distancedt dtlss embodineht, bawéver,the amayodf terninmals dbss nad impflddeeground contacts

separ%{pogrgagl?S&fe?edxln%i:gglt‘. IgﬁLgr[THie dItlgcaerel(l)tEa.fl %gitrs within eac uéoqgmil ra?erge:parated

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 adjacent colum. The
w@s@soisosat i o of colum pitch to gap w dth, asPEhUS2v04/024676
betwegrGieri@jnalsswithii ea¢lt difaenbalgnirfio ¥ thet distinc@sepsmant diffafenfal pairs can

about L €., col.u itch; 0.4 mmgap w dth)
be Yﬁé" &3’8&%?%& 8-S fI‘? e s f‘g}“ngﬁitﬁ%ttsu@r Pacing 3SR SGHYES & Fediice cross
talk.col utms are al so staggered. Wiere the colums are not

staggered, an aspect ratio of about 8-10 is desirable.
[009P) 0 FAEMPLARY: ﬂiﬁﬁﬂEGE@ReSY&IJEMSm@CQRﬁgNG@OéHﬂE BRYENTION

th e f S ' ress tal k,occurring in _an .
O 1O T8 G DR Ry St Py Rording
the imendph dhak & dirctetihea hightspeed déctBed Beticefor adeldi sikhARonductors of a

...As shown in FIG 6, each colum is offset fromthe
dlffeaealfla’z%ﬁtal BB hAvE 2 sbsteniéally coastentliffanentia) impedases aleng the length of

the dX¥er8ntehl hfih ¢! Inprifds! i

P EARBIS A SR PR g SEAR P Lol epion s

and apfeperd seictiomBedb| Einvt se0®ni3P1 as cledticallyaodnecastittoadirkioslédirical device
Si,nce ch.co, m | S, offset fromthe adjacent colum

510 USRS slefclery Pt ing ot SeEPmavicr A1, Such

connédiodd nBYHRISN D] PP sol it bal 6l y, pre@MR! ol Rdradain &3%eétbns.
differential pair DP3 is offset from signal contact

Typigaly, sushoppectiens arg icopegntiompbgomectiont ay ingrenvendionalronnection

. I ] t t her _confiquration of .
spacitBpiceh EFapebil bHS,eRleEs, SRR ARhecHi Y b Alrpacipg beoween
connedtfongting: effiat seceioh 80 Rapdeenid @olionBG2 cdnte oAl comfected together,

fferentgﬂ%éfalr DPI in colunmm 701 is offset

hown, . dj . : . .
therey gl isicaFaEFine sl sicatigal davien &1 g sendhelesianhricvions12.

by is oSt |

1R AP Y e PO 1l 05,
modide 8y eernpiisee achludirf dfeopdidtarks 8pAI As siRavidirst settion 801 comprises six

ifferential pairfr ithin each cqlum are separated
moa s (B0 WBRUE oL HRERser Grautien Shahowte an aumber of
modlésS30BNHE cORMRtes SBUNRNBe usdY ¥8bnd feclot!BOHS @Jrﬁl%}qéeé‘ld lurality of
air fromthe second termnal in the sane dif erenpla?

P .
modides §06. fiseh ajoguis 806 opmprisesteoluths phewuetonet4d. tAs siowal second

W & ' hal ir is e di st ance
secticf 403 SpAt St IncLRY s0F anPBlch iinl s0a pRiPrithERE Sqngeetprs sao;
howeVer, ahy ninaberld eoduiss 1806 thdtoRluciorsPACGhAIbahe@. Serves to

reduce cross talk. [0099] EXEMPLARY CONNECTOR SYSTEMS

A | Mlg%'r%langdp NREEBNG) W«fng_r(ﬁyp Aysghognijig FEG. 9, each module 805

2 jp: ' [ : ri.cal r .
compBRESPBHINEoFd il Aors 33D sethe i St 85 RER cofRRRG comprises a
connepier gired ¥egxtindalg ftom faotedSOvthecwminactiingo dirst ewatHeal @dvice 810, a
a differential signal pair. have a substantially

blade?éﬁff‘g?ﬁﬁméi 4 fiameBap ??rﬁﬁga%cﬁlea to,pesApd s9clion &fgyrand grconductor
segmélit®3dichbhdclig bainesli@igh 8B2kd bladSssdiown in FIG 8, a

connector 800 conprises a first section 801 and a

sdoYd Jeashinansd )6 qompsisesepluradity 8Onidsctels@ddseamntd i frame 852.
n t first elecirical,device 810. and caond
Each SRS 80 b SnBrilds ibp el b ha LA edio B R Hach contact
interfadecB raxealds i £anS8822 foPe6ihceAOMRCE bIaMSSIBRT s soMion 801. Each
PIP, solder ball grid array, press fit, or other such
contagtdpicefacs #kis alspsicckically cenriented dmpeenriestien pind42 that extends from

frameVEPEIEQRR ORAREGH tPRMPUEAE A AV &1 2

connecti on
[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

-14 -



spaci ng between connection pins; however, such
connections may have ot her spaci ng between connection
W@Rns/019651 st section 801 and second section 80PCT/HI200£024676
allgifde HAFR EWIAPLE G PABINSRS & ibigbhdle 847 airba sdognd hele 848 da dlignment with

on o REREFlo S TenETtblea Bl ok SFadicties SuBRAVPF mugnea.

sefdliosh B0ddubosgs ofeanerig 800a$ HowrOfs he e%%uleEaﬁﬁt is, a set of
ri ses a. colum of conductors 83

f trmdule 805 %&g@
TSt CygRtion ping osisienehan 8 §rhplasefe.gi sopten math faﬁ&lamdcal device
810)emah sePskteSorf ' '
)any number - of %r%ong%ﬁgg p%%?%ﬁ%ép&?ﬁk&ug:ograss egogg m é’ coplanar with
secopg elgetrigaladsmite $42) pasper@iidlar dorfiei firstsplanep| 6 abrdeyt @E first plane to the

s..80 Each ule 8 ri ses col um of
seooRHhE 4B 2o AR SER s B0 oF SR b0 b (e b to connec
betwsérkelo@ielual&isvid68 Fshde|eh nodul e 806 conpri ses six

conductors 840; however, any nunber of nodul es 806 and

colfdfek ofe SmlfM’ﬁW‘b@tQﬁ @@&em[ﬂﬂlﬁﬂﬂduﬂbﬁ 839 das havesa tbetangular cross
sectléfﬁ %W\&%(lex‘: 96}121?19{0% 3%018?)1 &sana/f s%g}g)% d@é@é Iﬁglbgé@‘?eglggeggl&t?rﬁ 830 have a

5 conpfises a plura
high aatfor('cﬁmdﬂﬁﬁ thiBlaredes &Dﬁdﬂt&t@maﬁﬁ@ctﬁﬁﬁ@ r Tﬁ@ﬁarﬁcﬂ%ﬁ& bf Rflith to
fromfranme 850 for connection

en
thwkg?ﬁsé?ay eeséi géaa <SR Yesiony design parametesdvcleding Hiti deglred
connﬁﬁxﬁ&ltfoh%ﬁ@edsé&xfe@ﬁo EARMRRLL Aflg i lggeond section 802,
and a conductor seg 4 connec ing connection pin

84910l L¥l4dd0886sidp @Ile&&]»f tvaghodubaiudfeofiitotor BOP kikeB Slodg line A-A
secured in frame 852. Each

| t f duct
and FRGEFlPo SRR o<t comtcniar SR caken alapeding thl 48 can be
seen, @achsladd 836 RipBsiBdred BedhEenGRR sidle b&gﬁﬁéﬁ&gsg%%h in%terface

fron1frane 852 for connection to a
841, thereby provading elesirisakeonnegtionibatverch dicst setidni 891aihnd ®econd section 802

o LA TR RPN Bl R e

exten

centedge@itheehutec805i suah thaevdrtRctibhdind §5b0hy g@ﬁﬁteﬁqg Y |d@vx%9 ﬁavmg
ses a first hole 856 and a second hol e 857

convGiFiP BT FRRTecRPR FPAEHPSac) SRBERHton ROER A2 ABOBOSIToned pramiireiapb he
centeARk WM dale BNALE th cc‘or@g& ogﬁ%nw@l{g%? @e lﬁlgf: g t%ﬁge¥18? having

conposes a first a sec
convqmlpgai gentectipn lspaamga@cmoemonlmw hew8@6, maybsposiitet B £ offset
840 may be al jgned. [0105]

f
from ﬁ?%& Sitrligg of god E’né?gidf SR SOBRECHOR FRARHIEAS Sppetghby Hisghating device.
Furtheédititie conteafion Sins é‘reﬁﬂﬁstﬁtedflh Eh%t Fig®Rs %?I?ér QmeQcH?% ?e?gmgﬁes are

positioned on a first plane . anar w
conteigplatadrsugh ps, densxempiy St)ldaﬂmlla asdsthedlikes econd connection

P é@aﬁg%emﬁgzlggvo gw ?oglglggtaxg C@ﬁ‘ggzg to discuss the layout of

Comepmmmd aeditaiduttors] H&t Ed:dh&h 801 8P€onné@of S @nhprisBEsik! 'cf)ﬁfmns and
mxrogane to the second pl ane, each conduct or 8§b turn

fongCtapA - &%ﬂvoﬁéép@é@ l{eaﬁl'ihﬁlgﬁ‘lgnaéngll(bl)stdrms or ground
812.
condu@@?sn@CtTyPﬁtAW%g z{l cbli?cﬁlcto‘ii% is %1%2)103'88 & 81 T g@@slbgﬁ cor]ductor ora

To sinplify con acenen
negatiMggendactos of adgffdrentlabslgﬁaﬂ parglidvasver, AGYERMEEondGABEMEY BE Smployed as

shape. In this enbodi ment, conductors
a concglg% E%éngge nded mgnglmg 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
manuf acturing. The particular ratio of wwdth to
wo bioskmsass nmay be sel ected based on vari ous deBCTIS2004/024676
LIS GETIERRER teriave H@FG&]@ISH@Vmﬁe/edebw didlectoimonmitars adjaceap@eiin contact with

I apd .t e ik
oS8 U LA R U5 o LA bt o
lightvieaght Aorneattat afid Bas the bast tdixflecti@ropértit WOWIRIE WaBR B30 and frame 852

rna.connector ?OO taken. along line B-B. As can be seen
YERERTSE 3 881E%E 4 Klaglisson tlhB Hike twepiecandugtors BAQ) kel fhsm that desired

gap Codthidek a3 idin@RHRE A6t alnBh&'d f%‘f tl? {ded i Fnrrug‘ttﬁ/eéle Jhersfore, the rest

providing el ectrical connectio ween
of c@mectanepmpiish dn Sle dicletric@?l @ndudes @30 and 8iMaPositioned both in air

t 8 t
and gﬁg %hn?zﬁiyto 5ﬁcon gﬁqtlgx? Igngipomr lgavgr% @bggﬂeqllﬁ@ptnc property.
Thexefma,etﬁ providend ﬁﬁ)sﬁﬁﬁallﬁbnbﬁnﬂm&@:@nﬁﬁ i %Ylk&ﬁro?i?e\” 1@&15 second

copventi onal connecti on spaC|%% Cbnn ction pins
mategial, the,spReing e esp 6RRdvstoss eixn difigrentiak sigrial par nfay wagul e
80 h 842
e\f;l)llg g]: h 9& :@ﬁ%wf(r; gﬁ‘?/ (gér‘#d:ugtﬁg ag%ﬁ r%e(?sggﬁn gatrqg'nr ra&er than being

encagdrinetasiionThe ms: ofhadwether thamBlastiCadiddiblebid %%@&es%umber of benefits.
from C nteﬁllne of nmodul e 806 if such

of f set
For XawR Ee thedise g 515 Fraplasdhe eomestoatp bsyformed framimuerhdessipdastic than
convEM[drﬁ?&onnwb}se THRE HEShhQoricP %dﬂ{ Golithd 1H\S/et:n(r§%>ﬁte glh’b? g}aga lower in

m%‘ur es, other connection tec ues are
welghi thpn g@lveﬁm’n evangbs,tha cmlsdplasthedsl the a@isttctriee Ait KiSo allows for smaller
| ustratjve connector 800 of

gaps ﬁ}?@&é &950 | %%CE@ Ie, %vgtrqové Jor better popedangesnd ,gr(ﬁg tadl gontrol with

relatieelydargeodontactsi fedtices@8dss Ak SHdviaks LONGERE
EE npri ses. si x. col ums and ??kvro%sgﬂ? cJﬁ%uct&Pge§§ESQ¥MI“wed
(Le., lshBropRgHiOngsBYhay be either signal conductors S or

gr I ch sign con tor,
e e e L S A —
low Cﬂ@ga&tlk venmaomd aar be prokided ehalt iseyuabble For sk %‘ﬁ‘balﬂ’ 8fifl assembly (“BGA”)
conductor may be enpl oyed as a

|
right- (%gxe \églgliﬁc%[ro{l'gglgﬂbf 8 Nightianele cqginastonis. “Offl‘bailmldﬁ,tlleord,ISproportlonately
heavysiiGhe ﬁﬁﬂﬂ%’ ﬁlteﬁr @oﬁ gfg ;) ¥, B c%ﬁﬁ&?&qﬁ dsTo & 11&)h 1 Ct]é?,[glﬁcctlon of the

or rows Ion to conductor
matingjagdae r]iﬁq:auwlthq: m@@@aﬂeoﬁhd BGJﬁs,e;rf}hleQﬁollt@ﬁ s&tordy @u@o&‘-’h certain

I t f terial
s R B G R o s b
conndetore ’H’(ﬂiu%h@lheﬁuéé%\flaﬁ,graﬁﬁf ihah V4sté er %Ee[ Jlél%ct Qntg(% %{(}% ?f tlhg connector

adJ acent and in contact w t as much as t e
can beredyends | Gmsequantly,iadditionalmass caebé addeldo Halehe@ahe tennector without

causitEBeHRRch o PR Bl Ui e Wi 1o frame 850 and

f |[Qﬂr1\2] 8FIGHY illustrares the cRaripe iy SRking®eBl @atcbfiduc®rs i B ws as
d eto secure conductors 830 and 840 so that Jesu
con “@é&’,ss Pa5P SrRhReRs sHaTPuBdediey #it tol briek surteunderdhynfraré 850. As shown in

FIG. 1, 88ddnfiedtaDih §3MHId£4Rd betwcgft S0 Gtor Egm{il gSEJSuISI oPistance D1

connect or conprises an alr die rc
may bg 3eleetnd t@Oteavith pwEntiomabebnnedtbr spaciaf lon 3¢ eRetrical device 810 or

| oly
oo O o T S ot e o
selecteﬂf to\th#le wathsdent@itfonal do)iné‘c@%ﬁ% p&gltﬁgn%[i %p&u?lgte to the centerline of

npedance profile, in the sec
module 805 As conductors S+ and S- travel from connectlon 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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materi al, the spacing between conductors of a
differential signal pair nmay vary. [0110] As shown,
wo b@sooseduct ors can be exposed primarily to ai PCT/aB104/024676
860. H@.ﬁlc@%m SEIRERE %i%lw@ Y &a&é&dlffmﬁ iHSfap eéan% Beﬁ@%}? €8nductor S+
an plastic as a dielectric prOV| er 0
and Sb@m&fﬂ dtber plﬁmmﬁm'a,rqubb as progimityetocf graund @mdb¢tesGt Ade desired
..._COnNnector to,b med.fromnuch | e
differ S A) ST IRET Ze SRR Ot e SR s et o eLlesent Agvice 810),
and nfa§ Heh®0ioAHRYr s&fe 683r PAUETDiEAMEE td1éradd EbolitBpercent is desired;
conventi on connectors that ‘use pfastlc as the
howeyitrel @ pereent maxj he agrentatde fasweme @ppligatipnse It ig Hsranae @b Yo or less that
Lndet ter inpedance and
is con%ﬁg}e%%hﬁft%ﬂ &Q‘Sﬁ{f@r}f d?f{ﬁé%?rg?a?fmée%lan “arger contacts,
r §olI3gs Ay desmtialFKG. m’ﬁqwbddiﬁstdre Ss add sk emt;fosmohﬂisﬁom a1r region 860
|ncrease

towardg plafle §3, Gquﬁnal gvaag (gm(l}frescgept tgggc?l}s] %?\?%g%a?nne 85% such that blades
836 alqe' ﬁ% galdinga &mhﬁ&%%&f@mﬂﬁhﬁ@@ﬁﬂ Bafes é%@ fé%éi%ed in contact

connéctor can be provi hat is suitable
1nterfa®e 844, therbby progrdlmg ds@sn'cﬂ Icym(eCB@Abgtweelg fitst sevtfoe 801 and second

. C ect or t an cto
section 2 5\3l gm.‘ag cesy %113 ]g%?r{lla gglgp gg(ﬂ (liﬁ %g’rpcﬁ §52 contact
interfA&E |8ﬂg jo &ﬁwaﬁ?@ﬁﬁ H&ﬁédt)fo eddh R AdGiMting ﬁﬂ&ﬁm&éﬁon pins 842
"tilt" in the rection of the mati ng area. Because
separatpd by g |dipsancp af P4. d¥s Shﬁ@ngmneqmnlp@sfﬁg‘ﬂtaé%powmeé ipraximate to the
centeﬁfﬁe %?rﬁ't 161% 8%? t6 ﬁia \Q’gﬁ §0 a%ﬁit iGHal @ ﬂne&%pﬂfa%ﬁ%r s typically
ona mass al ance t he

C cpmnelqt @IG. Th iscmjgfh'ts;teb@vdmew of canductora83terAd fumrbe seen, within frame
astic, as the_ di.elec r|c t he. mass .of . t he connector
850, @aﬁu%@s@éaa%&lth@dﬁ%r& orquivardlyfornainiain a,sbstaptigllyronstant

hout causing the
d‘ffer%fjd? gﬁf"gio Fgée,?,ggfﬁ ZP&% e e 2%2%”“[’ 0112] FIG
| [[014S] r d6s 15 sen pndnan:g@va \ne\s pécomiyctoe 84 that ushdes tvor sngle beam

s conduct oS, Pas fromb r.rqunded b
contay? $43 s BERG S0P G DEEFaB) HF BREIAa5 515 ALS AEET FAY proide reduced
cross tedk p&iforafinbe %bﬁl@e Bddh s&%ﬁ’e bdagh elintdcaBE®isHREMEQRvay from its adjacent
conductor S+ and S is . Distance may be selected to
contaqctatAelswthlﬁ desigiv 8wy iporvade inengpsed contagtyglialityopecpugest is a “true” dual
tr e
contaf, 3551 0o Y S TSHAR B e B ARl 5! B ot

contabdk ahé faRliecoftle tonts@s.e wi th a conventional connector
and i s positioned proxipate to the centerline of

AG] BHECanAe SeBh NIk frams 85y randuciar4Ddees pigher inward or outward
to ma&ﬁﬁﬁ%cshbﬁﬁht %oﬁs’%ﬁlt ﬁE Hg;ﬁl f &ﬁgoﬁfé%g‘t’&hﬁ{eswﬁ' connectors

omar eac t|ng I'n a separatio
on se@brﬂteﬂm«macall)ﬂe\nce a2 Fexgarmmgﬁﬁent Dte tcaluoes P nidsctexs| 80taed 840 are

ve the desir di f ial i dance between
pos‘“&’é‘?ﬁ’%‘ﬂ@‘?ﬁ)? cegfer, Hﬁloég %ﬁ@ §§ ﬁ%ﬁpei}gfg eters, such as
PeI7T tRIGt P38 i 4 &‘ég’sdse%ﬁ&%l‘ Gle@ taken 2B ﬂ@é@f(?gf FIG, 13A. As shown
dlfferentla I npedance depends on the systeminpedance

in FIG e13@ terminal bladee 83 dre a¢cetved iteorgach jnterfards Rbldysush thay (beam contacts

539 30T SR e, ARG e vl BURERIED flicca

shaped @& /9%@&3 @ni#Rt b&t@8Eh b Plddeas3 MMt the Eoﬂt@ctﬁﬁtbﬁadeél BYEo®dr a combined
10% or less that is considered substantjally constant )

surfaqg; Freacthatis isufficianh gmmatain the electrical characteristics of the connector during

mating and unmating of the connector.
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[0113] As shown in FIG A, conductorsS+ and S- are
positioned fromair region 860 towards bl ade 836 and
wo osowodard with respect to each ot her w thi nPET/EHI®04/024676

850t h Asisheowb i bKs. 18236 therentepdesignadioby tike eligstcdnsied aspect ratio
i frane 850. Blades 836 are received in
b el e A Aon s g Siecntis Abcahmomba sap widt
chosew nkiticeoss etk WeB chbhredtor S&Gstd RNhSOIntan %g?&??s’\??% and thereby limits
|

section 802. As contact interfaces 841 trave
Crosg t@gﬁ Bihgpetingiesids Alsahscase thegoorssettianifahé murate@Ylhde contact is
yQ8e Qit i ect ach ot her, cul m nating
narh . ARE o ol o CSPER1oh 1 65 iy LG ac e o can
be mamtaihalwven ¢ithe eatricotor [N pustiBKAinaiedd OFHis b&'ﬁﬁs‘? aPle2t ilBdeE because

to,the centerline of frane 852 to nate wt
the cORIRIAEH TSPt oB i 41 T8R4 Batcttyincludea ag mPraghar ane sr o thickness of

metaP@hS heckink3kes ¥f BWbRlde GAN %%Bﬁfagt égt’%pfgcé&srea?}%ﬁ tl%%.tﬁr\%g IrﬂH'?l%pesses as

w thin frame 850, conductors er |
woulg be gypigad imipsjon ast erainectaisi{see RIGh$3Bfor etdmple) MSriphitiging a connector

' entdal ;hhnedance prafil | ong the conductive
sun L SFPRTE) 19RBIREG BERELE PR bieshomasetoreror,
signi Bkt thaige iimthpedancd (Whichl da84eR sRAMBaROMRE

) beam cont act 849 onwglfl;lch Si dgggf bl adé 83%&?’%@898&1 performance
if the@ggpgﬁprr}gyotg}remrlyeanﬂ@gmwelz matssl) t Bedaupe theaon@mnicaoss-section does

t aUsSEn | gl - C cl .849 is further al

not RASE MR RLED, 2L ARG b oondeuad G Sy PIG. 134) can

provige nedrlyethe pameelsetdcaehtracteristids veeh phitially RAFRAKE] &L udatdd by about
"tyue!  dual cgﬂﬁact. Thi s design may arso reduce the

1-2 mpm) it Joss gyheR X%‘&[?Fl_rerrent s for the positioning of
t e1ontrEct /ARG JRpRERR Wiw %PQ ggﬁ%&aglt%tg%tgtﬁgl%%Pg gnA%xemplary right

can be seen, within frame 85
angleglactriqel fonmgetar bracoordarredvittoamahbddimentao fahdiivamtional Asshown in

) i f ial i £il d
rew G378, Qs 00 RS CPRSE PLETR] 2,%
a0 E0ye rng 9®m&&nﬁ£§eyﬂa&ingm%eta9ﬂ§ra§§%§g%ﬁ agéegntﬁlreg 908. The

positjoned along a centerline of frame
housipg, 303 tsicopigyred feontgin mdzlign3Be plirality pHlesd ssembhiesd08 such that an

A SR NP R e St

910 andhs evchad elecBitil davide HData feeAO DLORC tTH 08S EmBB@REAL of the invention
bl ades 836. Preferably, the beam ’

electris elz(?ect i \ig .Si ge%p%fn | r _
ComEBINtes 18392 Bpckplans and sleetrical leuige b2 praldughtertand. alBlectrical
devicdS110888 91D RAGS/BIE 8P glekﬁl%ﬁg(%@ic%%itt#oﬁ §?rpfé'l Cnegtsféogrﬁ the scope of

_over a conbined surface area t 'S su
the inygaitianai n the el ectrical characteristics of the

t i t] t] f th
CRUATES 3 b6 Pl PR 250 8 s 05,
Each lehd s386mble08deameiees] @fuids BEfkmidls & cBHdLR‘?orET?% o{hglgeri‘x?g's will be

Jn the mati nlg region. That is, the aspect ra
describes} blow p Eaenlead assembly WBreouipoisesreny aultiber of ermisalstoabk

- ists.in th '
oD PEF RO Shackphlrdlsab skt P RIG o, 6Bl infghe connector 903
is a singhgydevice rAtheo thah ewaing @ ligdGE @S ke CdrABctef 963%1135111% £flousing

| ade contact is nearly the sane as the conbine
and a @PUE"}}' %é&?‘?‘éﬁﬁer&“’h?sr@(’trﬁé?@ﬂ)~ c b hpwsiag is eanfignyeddanaetain and align
the pluRAIRY o 28 @8semblies (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 least in part, because the
w@owvbiorsesl cr oss-section of the nmated contacts PCDUSINESE024676
no 'AoT’é t"HEn' BnE DYOAWY-PeAre RYRes sitilamée BIG. (Ltbeexcept that plug
conriediog KOS sSLFerfifal bR dBhAdS ct interface), _ .
jrather than thr_gg%t hi ckn%lgrg%g}%gn\%g%m e@?ﬁf’%‘ﬁ}ec?oﬁ This
o Bg;@m @erw“wn Q‘Z‘f‘gf@@e‘éfwﬁn pasecd \;{:ﬂ&% elead@iahl @ices 910 and 913. A
- su S in . |
vert g g r%"gﬁ&%@%f’?%%‘}r SEHUNGE 19 Hedpyngion st bomseramglded onto a
boardfer efamle. B eicfige AR SFASHE B rSnl ABEAARBE kB
catbfslg? shg(gl ficant g(g_r adation of electrica '
pemi lmaé - s piperspesttveviesy Ef the pbig qonogoter of FIGA16A shown without
electEiARIcSicBd &1 T Biges)- t he cont ross-section )
© does “hot chang?igragﬁg%%g%ﬁef ofee %elétgé'n%ééﬁcb"i’n’is ts 907 are formed in
the hgnsing 80 thaheontain ed legn the Sead AEYbIiBs FS3hertRA) FIRRN 7 also shows

r,ovi de ar. | he sane electrical characteristics
connBeeit' s $0P1Y GivtnetBon pins 892 conagticommasyordi®Bue clbeicaimevice 912.

Conm8tidd pil9 932 E\f@_@tﬁcilﬁi édaflmE@thgTec[oQ b9k, LS Hé@ﬁﬁgﬁgﬁ 10 via receptacle

per spective view 0 ba ane system

1100¢ £ cxpeciiop lesgq_ 3R and Gue nﬁi}’@taﬂ?piail tcitlpﬁﬁﬂiﬁe Uﬁbltxglﬂmour'gs or surface-mount
C . n e i ment o e invention. ‘
Com%@%%ﬁ%%F%%Uéagd,gwg%ﬁﬁgg@&nboo conprises a plug 902
an{@125jc elptome letbdOnent, A Rduskl ol s hetfes LN :

9%5 and a gl grality of Iead gg)en%ﬁagggg@ﬁéﬁrh‘éw‘%’ #hy suitable
matemy) IMaYRF WS il Be enwertins del cleetricartenicas Qtftaral 91@rméshee surface or
throuph Hodhi dohnbltidn€ad assenblies 908 such that an

el ectrical connection suitable for signal

cdfaeli FG. 68 is ssidadiewhdphiesonaedtor T RlsB&WA LERIG. 17. As shown
the coqﬁaw c$ teO a'i\nd ?.second el ectrical device 912 via ’

} OeR 5t rnihalsfenigined i cachsedipssembly 908 arreofifset nmi anre, another column
of teriir4d ini Bl ademi1eR Rddni elgct.rical

devi ce 91278 a dauéétgltlﬂel?gg? ?%ﬁ %Qgg]ﬁlgggn@ééftéégls@ﬁed more fully

abovejngonneetinnyithfd@eveand be any el ectrical devi ce wit hout
[0121]

d [ f h . f.the i I on,
hoon ' o LA FaF W88 simals ad sopbliis ths SpvnandiG. 194,

the  connec
one erabsdifmehi efleDiserifle 0B @afpASIGTRLY] lggﬁgrﬁgggiﬁ(% §1§(§ al}%nfﬁfl't molded

1 .cgl um_of term nals or conductors 93
plastig,frame 933, Betsguanmar, timiokert watied dedrssomtPB83 3 compesi t6 @6ntain one
lum@ ' s . [0122] FIG .16B is _ .
o HIBSS o 8 St et v
groung gontedts.odn §i8miasnar, Gich (ad ad@ﬁim}e%@éd?ﬁﬁris_tebgeolﬁﬂﬁi dHifferential
. %J ég adgfj! bgq%ﬁpt acle. Connector 903 conprises a housing
pairs 9324 and 5133 8o qoptagts f3denbl i es (not shown). The
ho128 g Als $s A8NEHIHY iR F1E0 ' ldan Lhe .
plmjr ality of | e%@?&ﬁb}?‘/g’gh%}ﬁ%l}n%gg’gaﬁeg?ﬁ’@ﬂp?lﬁaqnd&’iound

contacty eaptainastin cedniead assenbly08abd srrdinged &i Qﬁ?ﬁal-signal- round
conﬁgg&%}i'ni c%ti on ist de between a first e eg:trl_ca?

évi ce 010 A, HeBranariRlths colrmp of tesmimisiy lead assembly 908 is
a groufd adrtadt 93 DAAIA dFacShiaB b ! I A b i

s BSOS BB 18 o
ofa t“gﬁégpaécqthq, opAYlith amogigive pnlasityt ard. onEwith endadiv Bltarity.

e i C nnecti o twe wo paralle
| JPKER, hS iyt Ml AOIAEEERATA g Bl ealindamvatgratigance fom

the insert owpdeslde®l asoemiEigtoss. AccRGWH ROFIC lbﬁ,esdcﬁ\é%hhglﬂaﬁ@rpaﬁ)o%s the

d‘ ns?r% JS‘%' ded onto a )
ground contacts 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 maintained. [0124] FIG 17 is a
w@eospesnsi ve vi ew of the plug connector of Fl GCL682004/024676

conneeita U vite gﬁw o ERIFIGS @B}j&)’l'b‘é% V%h@toad"a)n%ﬁgn @fb‘i’md before signal

receptac connect or 100. shown, slots
transrﬁxssum dcdurs béteetrotsinn I@@ﬁovidas far Shotdiconmeatiombf @n dt:hees

lies,90 rein, Fl S0 sh
SRl AR iR RoBae JEoRhigranfis Sioh R s gl modpte. To
explaf0 RRQUf First¥8hndclor Fﬁ{é B2 eFposHMEd 6n @ Hidst pladBNLE!, k&planar with first
pins 932 electrically connect connector 902 to

electrispbdaviqectl0) aed,p 8% of 3qyond gonneelépn pias 842 spositionsben # sagond plane
(e.g., ? %rba? %sgth% r%&eémé’ B&l@é@ﬁ%?@ oﬂdl@ﬁlgf/ {oqﬁe prst glnane. To connect the

h- rmun or sur ace- nnectl

first pidnead thmbondlqnmme edoh@onduioon )30 i €okiad td ﬂxtemba total of about ninety
enbodi nent, housi n 05 is ggge of pl ast

degrepp Ryt anglp)t °§ cfTipa] % CORITegt §leqtrical goyige d'?ﬁ%
E@fﬁ?t iF98s. 200l AGkE bRPinddeu GESs %@ea% %va@aomﬁms of

rface or through nount connecti ons. is a
termidlsim accendande withignecasperd of the igtigs. Ah@hwwmmm 2Q.7nd 21, adjacent
As shown, .the column. of,t.erm nal s i ned i n,eac
colunfrg g& SRRIA A sGBuSTEY i siobERTS PR AOBRE Bl fetatotaS A herset exists
betwe@h tdrBfind1N a‘ihdc@ntﬂ@a@éi]séiﬁlﬁms e pattiagaedial a¢ shywiin FIGs. 20 and 21, an
di stance D. Such an offset is discussed nore fully

offsetf gataricn deaistrcretwens topminals inggolugn 4 aad ternpippioin comr@ 2. As shown,

e ol WY s RO Rk s B8 TBLYC M guces
incideén@epf trosstatk b”yem&héﬂl@lde Wistanee Bt eam theaignahseryingeintetk.
pl astic frane I S manner the8§@ ert nol de

| 40P 2Zs Slenpimpli g’?@“é‘écrt agegnegh PRAYSIesH vErTeepngular cross
sectioh®s Th&\ah f ﬂbh SCONAUES OF SoriditCrors'dH) they, HoRale&, BBy shape.

conprise either differential pairs or ground contacts
| H0133] s Fl&nd2is,a peaspiectivadew 9§ mr:gcpwl}: ot 0Ktbs cennector shown

TN SRR IE TR e

and u§<dl to¥BRRecHivd deantdl @bwead (5t SHOGnYr Spureicallnf ddhésction plns 932 (as
contai ned in each | ead assenblgiQOS are arranged in

shows inyRI4T- -19) ayanbe dpsetiediintoaerajuicat { vhto dlestricsily Cﬁmﬂ%?onnector 902 to

recep{aclee 116p Rggeé)"f]ac'ie PFOOﬁaEsS)n L‘%‘%‘P“é?{’“’%@%gﬁ d&allc}g(r)] {tc??g in the

ahgnrﬁéxﬂlaﬁd uﬁvéﬂioacdf c9ﬁ‘706tdr 90@ irdb tdceptacieilado. p@ndie 1ﬂ%¥éd structures 1120
onprised of a two signal contacts, one wt
also sslzygut@ PRESTSBP as»mteytoaﬁacedﬁéerwﬂtlwoae%@e% 8o pé}l%h ftfuptures 1120

ol 5, S8 U0 L SRR T o

resultas sexhdnicd Bakdee thérebetween. F1 G 19B, such a

4G ottt AP bl 2R RETR, PR BT cohlapt Sssfbies 1160 cach

contafn%f{@bl%ﬁilﬁy 4PRRRAR(EnlY MR 5i196RWhieR BicAtib®n 3PhdfrRinals provide the
correspondi ng receptacle contacts 102S. Thus,

electricabpathway beiw cetethie @esne(cm%@, aadeny mafed electrs) devige (pet shown).

r t

OB 38, 25 TR O BELES S8 UMD S s 112,
housﬁ&@'DDﬁDiﬂdQ’@c@ftacldﬂ%acdﬁﬁﬁbrﬁE@ 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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[0130] Lead assenbly 908 of connector 900 is shown as
a right angle nodule. To explain, a set of first
W@ osecdoson pins 932 is positioned on a first pPLBEIS2004/024676
(o136] 26! 2NATa PrdRctive vibw 8F sgfngleq@&ep@a% St WseRBH not
a set of second connection pins 942 is positioned on’a
contained omrecgptarie héwsing 11500 PAsashawnyihe hssembbn bl 681 indtddsegtlurality of dual

devi 912) . di cul t irst pl T
beam &3t By ikbirBR B pd deBlast Pl Badd drdhaRail Fraudly. mone
embo@iiEt ¢hOhol01 168 if Madesf plastietijeqttbnandlde@hroahd 8e@dhtacts; however,

ni nety degrees (a right angle) to electrically connect )
any syifabla ippWainggagted alanay be uisd wathout deparing frangthe spopepfdho mvention.

ar d mpd, sj ' - Lyel y. .

oA ST PG 28 < ekt MBI PR KbiEeler ek Mip G Bother
embodineanbdf the inviatisin oAm shawr; c&@mecd 1anlatilrecapche 35 are used in

colums of termnals are staggered.in relatjon to o
Comb‘éﬁg‘f’%g’r‘?(’npﬁa&flﬁ triggl ,lceaﬂlcgfg“ls §E?‘f15§?a§$§§l @eﬁo\ﬁe@gle %35,
Specigﬁ‘gﬂl QARLS chihef@ 28RN MARLWAR ge%eptlaa%%a% $ nRACtH @Y nection is

as shown in FIGs. 20 and 21, an offset of distance
established bettvsemboard d 303 emdéabid 325n Gableulda 5 tamtign transritaigsals to any
in colu 2. As,sh ethe .offset, d ryns al ong the
electriggt dovce BaGAE) SyRETS fat 1siXine Sigh 8e3diEa above, ¢ he
offd 1B NEdHGBREr dnitddim&it @€ feanRintieh 08 & dodteknpted that the offset
furthering the di stance between the signal carryin

distangeytl, araysvary tamhorighe jaagth afyherainelsdn tn cwsaertert In this manner, the
ot SRINE RS B MR YE 61 ARl 930 R SELURP et e

condueeray iHispe thjsGhiddirdBan® & fersing nperte féGt 26 @ sidesnievobf a single

the receptacl e portion of  the connectqr own i.n FIG . .
column qiahh pagle it i I rt YT L1 et Bv&rteramﬂs gpgetion Als
heigh£e ﬁ‘f afill %éiggu BoF e 1&8ke @R otaeRidads MRRARMB I9MRight H2.

ectr evices (not shown). Specifically, .
c gor3d¢ t iFGs 3 Trend 23 2r¢ el whwswt tha chlu@ns b ightanghreterminals taken

inserted into ratur.es 142 .electrically, connect .
slons {inack gpd 55 BIF TPy IF st Eihe ihRle Sufa B inats shown
in FIG.N%| PSS 22lah@DYBRb sBéw UE hdjaesht dA8minQf3drehindls édiained in the adjacent
al i gnment and insertion of connector 900 into
lead aﬁ@@g}ﬂ gentaingdon thogernecios Boysén. structures 120 al so
serve.t ' r i
;S dp BEG et S BT PO G B, R I T sBhns may vary along
the leAgti oftheaBiihalk Mdthinhy 1edesseniidy Weine $peeificallyahd offseabetween
. receptacle that could result in nechanical breakage
adjacer QPEIBBXSW@@?E aceerding toRdiaseit seqtions ebthedemierls th FFanner, the
offsetRlisthite iHetvéh cb LagirRrdnP s%@fioriaiﬁsbff i ﬂeﬁﬁin%l@ @ BBERRection B of the
containing a plurality of termnals (only the tails of
termindis.ch are shown). The term nals provide the electrica

p y between nn of 900 and a e .

ORI AR hiE5e 5 7 SR dhe i o83 S8pioRH el EBhSH tgmnals taken along
line ASACR s¥tRW 2bf theRerhfc R B BE hfd B JFsPsectdnhlteighl bR ferminals in section

structures 120, housing 150 and receptacle |ead

B takersalenglige BB is height i2wrs shown inB1GY 2o thernfikst efifarminple in section A,
where;tﬁg t%ﬁotes?gcflcgiogglglgirgglgﬁg tgg l}éﬁnatrlrﬁsy H P,els gfd[s?a%tce H om one

e I’nventl on. st at ed

ahpor2] Siehland RS 28 sitiwsake bifset OF thertemiiasls &f section B of the terminal.
mul ti-active cross talk as descri bed abhove.[Q136] _FI G

As shown; the gffsetdiianceibgavepn segmpnalsinseeiined pethejering 15 D2. Preferably,
the oft2PH3GL ciRREE it crosstalk, and may be different from the offset D1 because

-21-



contai ned in receptacle housing 150. As shown, the
assenbly 160 includes a plurality of dual beam
wa@onducgosve term nals 175 and a hol der 168 nmadeCD1S2004/024676
spacing SR JAShnRES atAdiffedelt. ONR MAECRHVE Bloss fallethBOd @6fs bERFeen the
I's made of plastic injection nolded around the
termingdhcancthss beweducas; thergby inwreasingl sigriahintégaity.ng mat eri al

sed W t hout..departing from#t cQo of th
TR dR SBoet e BERE I BRL HErRG BT c8 st e, the offet
betweeARARGEM teririnAC6RAERAE @iffetenbthan e FsehReENRS 0@k nidf&d printed
i nvention. As shown, connector 1310 and receptacle 1

circuippeards Advip it OBHRetHGMABIYV Y Pebrrendwo 0aMase ayeisiona printed circuit

devi ) ' i+f. . ~ab. .
oA R B BERERH Sy e LR Rl B e appropria
place Wdeapinacsrandrd tondwrore vt intércainectonnect i on i s

est abl i shed between board 1305 d |l e 1325. Cable
130K} 5 'ﬂl@ﬁr%t? ﬁw@rﬁntenghoswa% 1 24 aﬁlérrétef  frogf view of a cross

sectiohN &S oNRinsITIinaY hd BPkEmiis M8Ced Via89n3HERctrical device. Such
signals. [0138] In another enbodi nent of the

an electrcedevicsnmayi be similaototthenslasilbtratedin FKs 168f Site terminals 1710 of the

connetly (R PR BL it et AREBY sebdplRe ol ol < zpe

connedtish pIE hoVRel, aday bRl sififartth ¢hdse Blidvih BFFIGhe7t er mi nal as
well as at either end of the conductor. To illustrate

t K454 nda areasdancg pdthrtis embodgnanb f the ipjeationdhe affset etween

odjacify itho\GoLpd oI Thalid Aol RGPV EEFL ARIGH drfnted cireui
boards Spectifinally, ias shosrgint FIE. 29 rthle diktandechagineencthe bifeetof adjacent column
.section of termnals in gsectjon B.is height. . 013
termigaTeis IS Do HBRnaF Borrgn DEOHt ran EB e Bicaplevidegh D2 By
varyif @k WY STrRAdiStah&seH tHRirUpbintal PASesinAcedarck Wath the Bivention, the
respectively. In addition to the single colum of o
cross tak thah atsirsinghe comeptoDf the invenidan is 2qdugadl aixBthgcouesponding signal
: n .ag)@ﬁgent colum of termnals contained in the
Integulyiis aipedy assenbly contained in the connector

h ?0'?4'6]' 0.FIG036 ¥ a pddspre6rs FaR O aWoktldntdTanbthveshbsiimeitsE a right
of fset of adjacent columms may vary al ong the Iength
1

anglesfectrival canngptani K00y AsshewmHe FIG a2, serdaisisiy 93Qvse gositioned from a first
plane\%/é)1 g %égonﬁ ?lzin%ékllz{rg gse?rgiofggjﬁ&l tg ﬁ'{eviﬁgrgt&lﬁ%l. aﬁ?s?efrltcﬁg BHiWEen adjacent

rres accor ace Ions O

conduictsrEDB@ I enaihssubktastidaiBrosastant] enahdptthelividtaof eondatoe®30 may vary
colums is different i ection A of tiﬁltermnal

and eygiehongh e pethgf csn@fctqr%éatrl&yrherfachxwo i3 suhgiagfiiponsant gap D
provi?és%sub&%g@{ig (%ﬁsta+trlﬁff&%8§a? iﬁﬁ@dah@@ﬁbn%‘ﬁ{egéﬁgt}gg)f tthﬁ econductors.

erm na ken along Iine A-Ain section
t §0MalFIGs 3His apatspchtvayiow ©f seathérameiodimérg lof a oight angle electrical

term.nal s in secti.on t ak a line.B-B.is hei .
connepr 1200 g st @i, Aol ) lEhee BPiGhehing Fen 220 o provide
proped Sfdciibefwed R RehBodl@SR18€Ct i onal hei ght of the

termnal is H, is a distance DI. [0142] Simlarly,

FI[0148}8 Hfodd is #ieereifertiv view of B alternate gaibediment eta regeptacle

of t term iy sg) 'S i st :
ol it AT 2 oD 85250 i PSR v
propePsgdceigeidtyeen 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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the offset D2 is chosen to mnimze crosstal k, and may
be different fromthe offset becausespacing or other
W(pamanmtmers are different. The nulti-active crpPSEHUBEINK024676
ﬂ CAUcd Shi¥rRhod ffa %e%{)ﬁﬁ a@étﬁcaﬁ Yvi 39 Ug\fé)er@tdcf‘edéb%ﬁgctor 1190
ere y Increasing signal 1ntegrit f n anot
mayhzardsminbiedwla@fstntdimgpmmm on, to further reduce cross

t t of f set t ween ,adj acent term nal. col unms

bt o R B ST 2g Byt 88ty the IEBk P gSRURS 9b3, connector
900 nfyl HetRshuFadtered by BRAhGthodadilRstr e ATIEC B3 NA s BREWNBYFIG. 33, at step

bétween two or nore layers on a printed circuit board.

1400, pppileciors P30 areplaceddn g ﬁi@ehlw With afeidpﬂerrnrgled BamW@qmeconductors 930.

e BT S P R B0
relativd pdsftidhadfeosdiehoran3 @ aleantinmiied bl fiameZS 0l |S|ub§dqﬁait®$ar§mg and

front view of a cross section of four calums of
twisting £AHsad b TesiduhuTestem Fh AFYS HRATEECE o e AarigIiknbut if well designed, the
|
resultgﬁt %ngéf §53J05htg Télskga@g g%g{éﬂg'{%?tg%‘ Eﬁa‘?rll:tlglg\fh@A&es_lﬁﬁéef gQF tolerances. In this
mannble gapsriztweaf contiectes 93 cambe ¢amtitollsdh wrivh)variatslitynsfaentbslof thousandths
o vias 1700 by connection pins (not shown). The
Ofangg nection pins, however, may be similar to those
shevep) rPrEﬂeﬁblyl fo pl[oQin‘éEtﬂle bédt PGERIAARS EheWubrend dHrS/ing path through
embodi nent of the invention, the offset between
the ccmdpqgemoutdaqumm asdughlyraendustive astnossible. Beganse ifee @mrentearrying
path 1%%8%w? 1o, af.? ?ﬁc' thggg%é ﬁg}vt\ﬁbglog Elhn(é%%ig i i? E%sllrggfs%?é& the contacts be plated

with D@ine@sr l"afhﬁ offaftigi coalluatiljigaramtrialo Bxamples bftbuehliigh conductivity
and, the di stance between the offset of vias in an
matergdlpinckide gpldgeqnree silkerpptinglioX,ar ying these two of f set

[0151§h%@m@c $ beh\fm@wmwﬁé qﬁeg N2E &Y @'EﬂEﬁTNEIDY

e I nvention € Cross ta occurs int
DESIGNWEEDoOr of the i nvention is reduced and the

c e Si |nte | i nt in . [,0146
F 1043300 St mD Bt pefuct PPl opnentnt el epbl for o
conne%m%eéd?&mg t®fhednVénBibh. AR Qh&nr&'tﬁ&ﬁéaki&adss&ﬂlﬂwgb Hayifude a
shown n FIG 30, conductors 930 are positionéd

pluralﬁtrymﬁmeftunncsldeqoleadl essemblaess(B%M) 2% necqoncang fasan aspect of the

invenfi AR SRty ooty PaRlna Rl R gy e Sgnating

differe@its bRRhlingS ¥ER c&’ﬁBﬂAﬁf’oﬂ bEsivdlelehdedfsighansiy @ﬁ@dlfﬁ?ﬂﬁtl ﬂmgnahn g.
vary and even though the path of conductor 930 may

CilPYSAT dinsh I¥RiAS 20 mstude mlataﬂlgy fshestrigally gapdustiye éwa@% 204.
|
proreip B APt S A 3 Wl BRARE8RG 3haDshos.

shownahé fifedr icumtasti aenay©2 0o talrangedrds mdliltaﬁmbhmﬂnsaﬂmhglln it should be
angl e el ectrical connector éﬁpo As. shown in Fi

re
undergipdd fgfihedineananytas FTRESPRIddadranpedason gt {30 Algp, though the
heade? S%Eigdﬂ)?yl:@@c(fﬁ QepieRAGH 01 I NBER (BE] P@W’ILAM%' BScohtabts per IMLA),

1S a perspectl ve view of an alternate
it shoe}dtiwqulentoodfthza andvd gt mey enchusterray desiredommbenef eintaets and a

com oG mans RARRR S Fhet A L ATE P b TP R ior 9 lecica
contafts aFLaldPEbrEaNPlale8 €A doRAESEGIERcordthgwh itlidinvention, 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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conductors 175" are secured. Each conductor 175
conprises a single contact interface 1191 and a
W@ oseeiospn pin 192. Each contact interface 11BAT/US2004/024676

materBX SEHOS o g1l MaBrdH20o a8 asRNSasE iRnfidh, the lead frame 208 is
correspondi ng plug contact, as described above. Each

constrioted dromi anliftle mat@zad appossiblis @therwisatiee domdedtoris air-filled. That is, the

lectrical .coppection to a secaond el ectri.cal dewvice, .
contagly Byt I TR 5P Aot e a BASeRaRdYe(rriicy The tee of ai
providdsi fbEN i e R GLEDBSstalk BAddHRr a TowatdighttofReetor i @nifiPed to a connector

tol erances over the | ength of conductors 903,
that ugesrarheavist dislrgtricapatpaal threuebtlur ed by the met hod as

e

PreferfabByl teaemingcngaips cbmiplied neroonad wads tieougB @ shablddteamderstood that

oA RS RS S s L RN L0 T
contaG9 3Ry ﬁﬁd?ﬁd% Mathe?n@s T80 ﬂir%h%‘%rféﬁt WItREEmPRRenaHPRBEPIENE contacts

war pi ng and twisting cause resi dual stresses can
(descritzodebedow of ¢apwectom witleFlGs: BadiB)i ty, but if wel |

desjgned he r.e tant frame ho a .

STSRLE s ST F i\ AN, o PR EPhtiel i pusing 2144
include® lagiratfagSof ehd wialls 216RNREE.,34Baj¥pided Wexder £06ablgtviitsa peripheral

~ 930 can be controlled with variability of tenths_ of,

shield; asermbly i AB that ingludes adirstpairod pndpatie? M3 gnd 3 secpndpaigaf end walls
21gplhe best performance, the current carrying path

t hrough the connector should be made as highly

CPOLBTGt | Aceombingosmi dspert oBthe dnieatidiehebeademndssemally ymayge devoid of

.path is kno tqQ be on the outer rtjon, of. the.
any infgpabgelding. 1atde.dhc BE0ET FRERDIY A AeXeid 0 gy Shigldglates, for

! ' AYedysOTA Gnb&br £RBAN to\thd dventi b
exam%%:i %rt?g%$édé§c§#%%;dcof syj ch hingh conducltﬂi%t/i ty m‘a/{3 rcle ;oinarlngy ©

devoid o€ bustientgoiadi shieldpygeaven &irlhig-spead thigh-aequepcy [ fast 3isp-time signaling.

g@%ﬂ%ﬁ@%@%@&%@fﬂﬁ%@%@ lglg‘gl (‘%t -g\égklgown for a right-
angle @BRRRITER bould beuMRAASId tASSEEBAhYCtbOIccardatoakd @vention may be any

according to the invention. As shown, the header
style epnmeetpr, FUCOB amgzzaniae gernestop for enampje. ofhat i ap eppropHatg header

| | es . ordi .
RS AILASS LM ) g RO Ao Bl
Mpol 9] c FIGer5A aid ABddpictandranplegnddlotdingent df 4 feeeptatle absembly
220 S TR B oSSR B s pra
. i o .
orgidsa el bty S Bl o SRl KesRRE U a2
Furthéro the reesppeebe ¢ontacts 22dare aroangad in ar areangeRO@ . thatgs sdoplamentary to the

the |ipear contact rays 206 are arr ed as_cant act
arrangegietsALhe ORI 2 Cholle: BE MABE FRLGHd TERAES TERgved By the
recepiabl%%hta@@"l@ﬁ%ﬁoﬁlh{aﬁﬁ of B laskehmblias.  BragesblRso eOmbRetent the

rows. Al so, though the header assen‘olﬁfoo is depicted

arranggment o5 thegpiingends 212, éhe reqaptacia ovntagist 224 mse aingad tafogeyrlinear
IMLA) . - | ] :
conaftfi s 234, UM ol HRISEROPdeLBly 2 AN 150 conacs

(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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connector may include any nunmber of | M.As. For
exanple, IM.As having 12 or 9 electrical contacts are
w@bk®s/ocsont enpl at ed. A connector accordi ng to tPeT/US2004/024676
circust howrHt iPoeferablye theftomuenalrengts 232cira demalisnt meidedl efds, though it should be

The h 200 | ud
ance S e O P St e e
lnﬂhﬁnmmﬂéﬂ&iSAﬂﬁﬁ t
o made of a di el ecsﬁgld?rﬁtg gfrslgg?é?é%%lz pg(g"lg&ﬁlgg 051?1'3}? aﬁg?etélg the
IMLW@@PH?F&OQWW%SpeCt of the invention, the Iead
o2y RechRpe BRI BT bETBRop. e rpBaIF piogabDmay also be

pOSSI
dev01d sf am)hmtmdtshmlchngIHYhdn@ tieseteptRek ds5hB19 %y%b%eb@fd of any shield

lat ? lrf'é\sas ond dielectric. The use of air
paesp 06\? Bler Rtweerdiacenteonfast g¥aysst al k and for a

| poteogi GG, @@Héiﬁ&ggﬁefzﬁ‘ﬁplg QHBMI&%P{ ﬁa%o%ggcquf %c(c)(r) Lh t]the

uses a heavier ‘dielectri'c nater
inventjpiecqimaeting %mgathﬁbﬁwdm tvearmaualboemd §4QAQ3 f Qfrcuit boards 240A-B

t ut b Preferably, the
may HERAARE IR Gl Bl B ek areble e onsralch A matighOe B may
1nclud:ehxna ol moee dhlfﬁ&fnﬁhmghaﬂlhgbaﬁlb ®nk @F Hlo?@élﬁ e %ﬁe&ﬁgﬁﬁlng%aths ora
ess-fit or any surface-nount or throu

comblpéqlqﬁ ofditfgrental sygnalipg pathsans seng@endﬁdl sugmlmgpathg Anialing path

i B SO SBOBTR I AP 0L 1 SRR o e oo

electrigally @ndu¢tdEgHi 24d. Thevammiralsdnds oBthé.coAndtTbMidcts l@b&ally

ferr The hqusj ng 214A includes a first pair
elecmg‘ﬂ Fg t9 {hecongycive pads (GepibytsoldsrinaRBEA, H@S&eﬁtjing, or other

technitds v el-REFwP Lagly
g\? rst pair o%‘iﬁe[gﬁgl’t)\slxgT gle%{&é%%a X%gélés %)irllc;l{ @pcalrcru 1t k}oaréiﬁ(&s shown),
the sigpalingpath 8By dl©lisahderacdediicallytoonductas pec243ahattdx€nds through the
circuit! br&%{le(pt ion, the header assenbly may be devoid of any
er nal shleldlng That is, the header assenbly may

bi@163}v 0T gpiedlly2 A ¥ystéth %ﬂlufﬂcﬁfr@rﬁieﬁf]&r the )é%ggllxr% P ths f¢ ?%wen

ad acent contact arra% A connect or
apphcqt}wae rﬁchﬁh%@ Hcaspect 6 tﬂle(mVest]gIh thmamena:lnnedtonhdy b@used, without

structu?MFﬁ'i‘o 1ﬂ£atﬁhg%1c§§ﬁ?ee¢$ﬁltlbeé%k}f §g§¥glg iqpoap%na%@g pgt%s According -

to an askmct of thd inventdre. sySéy- Iﬁaﬂuffac&h@xWﬁaf' Bé pryvided R¥iH ectrical
ul d be under st ood ﬁat a connect or

onnect or,,
connecigh g Hed 8¥’?YPe(ﬂPaﬁ\‘ﬁeﬁQ Pléﬁﬂﬁ%l;ﬁowcmwowymg@dmm of

Uk
oA 8 o 90 U RO e L Pl '

d0ted1di Hag tystetrrmamprfacteiepmag tm debngnatl vedoneidtsf 28 /eitBéground or
s RO R Sondo e S EEs  m mo ve
ot R B e SR
designgtehase signg zantagtdea signalipg path os thedapudadobm. I’I&xeelgnahﬂg path may be
a singlé- @ﬁ&%%ﬁ%n\égagﬁgth%g a%‘}?e ‘a-élgql F1E1lilzah1h Sﬂrapla % efa% s:pggy besdesignated to

are arra

form aigoephtenatidnasfidi fferehitie s@hﬁlﬁﬁﬁ@ AR br Qﬁ J?:ﬁdé@l ﬁ)rs

%&12 TrH(s} the matin e recei ved
65] 371s aside v1ew of an exarnple embodlment 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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receptacle contacts 224 upon mating of the assenblies.
Preferably, to conplenent the arrangenent of the
woradosoggosends 212, the receptacl e contacts 224 BEBEUS2004/024676
gr Ourairqrar@aljcd‘tmdw rImaI firstedesignatitng (e oBh1adt Fort? 8t leAd 6h@d1fferent1al signal
t hough t he. r cI e assenbly 220 is depicted wt
pair cgg@n laﬁlaé)@{r§ On&%ﬁ dB g sedond degignatiop, thetcontacty Ithlba least one
singldByiRA St r vent |
By nc%gﬁ‘*‘e"‘“gﬁimﬁum&?ﬁ% g RRERHk Bk f4 A RS o Perentia
Slgna}mwtdeat leastcanstsangle- mm@ahcammmg end 230, for

It 558 TR O e SR A

de 1cwdt11|ﬂFK§I37CLAsI mmrﬂFI@rﬁ@rc@m t
’ |i antS term nal ends, taﬁtgl? @ee TEH i"ld“f‘é;, E‘Eﬁj& foréxample,

are
may tl?rf’(?@ﬂ%‘i signal coniects, avhilersantacts ﬁdg g;ymlnd i dopresmid, infay be
hs, r gr thro nount .t
deﬁnégﬂgsb.% o ngg:g}{tﬁléfé ligllﬁ%lrgg(*églgnﬁt Jon, gllgg%gzynt&f:t&ﬁlrai) o(a L -1, k-1, and n-
o fornp d'ﬁfdrénblal sipuhl lpeirsu As slivevd MG, 88 adohiéetsth) dON @, P'I‘ %H @ for

016 aspect of the |nvent|on
examlh @1 l&%ﬁ?"éonﬁg F‘ﬁn%mé&é,ow@@ PASIS, 61 €, @nis ki m, emha,l for
examﬁl@ ' rﬁﬁ;db@&bﬁn-gh% bé §1vouhﬁ' @oﬂt%ﬁ? pl;uo aGkea ﬁéﬁ?ﬂgtﬁloé {1‘%1 B8htacts b,d, £, h,

devoid of any shield plates, r exa
J> 1, angldj fé)erémngéfom@dtsxm}caynsluctpme\s]shswﬁm BRG.d8Q), edritad@slb, ¢, ¢, f, h, j, 1,

t di to.the
and n%lag% 1€ %Ja glhec mﬁcg aegsr(igt{]a gé:lq ﬁcrgs & C]‘%ré:@htrz]l 8- i g’é’d? im, and o, for
examﬂi&&ﬁ@Sbe?MﬁeBto B¢ gouhd ch@stsSin2d&\a @es‘i@'}rﬁtlgﬁ ﬁ%}hh %ntﬁf? Bairs b-c

daught er boards, for exanple. In general, a circ
and e'lg&ﬂlbd Sersptigd W Pies, aebsigned contactphgd, Hiand erfem slagle ended signal
ded signal i.n
cont S0 5L 6 B, TR DAL PR B8 b o
either patgnal camtthmnag greurd datlac idgalding®nBé Rfuirém&htd BRtHeRGplication.

p i ncl udes an electrically conductive
ﬁ)alg@t l’ié?%l ﬂ}e cgigBeifqs dgpirtpd inRiesc 8 3tg§ gentacts g and m are
&t&ﬁ&d&g C&L b nds_of
B e connect or cont ?g¥a\srleagreggt1§r§€%b %1% lgc % ]il(ﬁ ficcessary, for
ground; eQshatsitot extend durtiosr diorot sigrel mmlm:ts( éTlgs mapybefsleiufbelrslortﬂat the ground
or, ot her {ar(ﬂues wel | - known in

contacf Tk LFRR] blibie R bieffhcPiiiEt ab hut bhiing feisyyim 1o ground before
the mgﬁhlrdbhitabtsth@@ﬁﬁteﬁa%e@i\%%%nta&t@§ aid Hf‘zﬁfls ﬁgmHQ:B aE‘t@fn R

include an electrically conductive V|a
designatiqrp Hpsterminal /s ohgroghd ecmtactsag andim mmth@q@dmwm tha terminal
t h I th
ends o? MI% eoﬁl(@g S ét@ (}3 g{ﬁl?{h'gggun clga a{:tg gi%ﬁlggrgglg&gbegsreﬁag o? the signal

contactsrmﬁa tanhd) r$t1111 tihe ISANEcAPPet OitherdysiBatidh Sdtho hB@ication.
to connect either

o‘?’? ?@t 3‘?@ ég?g%‘ ];‘Iélg ?fttﬁwggféﬂﬁlaﬁ’&r Srage PIﬁBOCbmemsof an insert molded lead
assem 9‘5@(50%15@ td Qle%‘vé’iﬁgﬁcﬁl@sf éélg%ot”%gﬂ:rt E)?&i}nep ?c§1¥t§ tHebignations for an

manuf act orer may provi an e FPCal
IMLA@W@QIC@@HE&@CN bed above (that is, an electrical

SRR BRI B8, shleli B2 e L) °k§ o dnginofor example, may
be defifedidte i@l B6iitadts, v&lﬁl%%hta&@ @, BY.S! £ JTaRU, gw filayHR¥efined to be

then designate the contacts as either groun
ground contacts. In such a designation, signal contact pairs a-b, d-e, g-h, j-k, and m-n form

differential signal pairs. As shown in FIG. 40B, contacts a, c, e, g, 1, 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,ce g1k, and
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signal contacts, and electrically connect the
connector to a circuit board. The connector may be
web@sisosal | y connected to the circuit board, POT/US2004/024676
m, an %ABRA Sin tayen@k@%hamhh%t&@nA@@ﬁémnﬁn@ab@%ontacts 3,0 08, ).k
deS|gnated as a signal contact to a S|gnallng pat h
m, and neforiexarople, baybel defited tsbgﬁlgnalrcgnpanshwmcqmac@sb d, f i, l and o, for

gnalin th. o i.fferent
examleal b §EGieN0 S0 88 ePects ol o GRerlion tenq soriapta o and
form SinyleGAB®] §lahdl @Bndiictats,fahe sightll htast sHiRlg-] ik, andhch @drm differential
si ngl e- ended S|gnal conductors. [0165] FIG. 37 is
signalgpaiss. Weain, grshaipd bg rém@‘ilrﬁk?&ﬂ%?ﬁer%f cagh of Fh?AEOEté‘QtS may thus be
L B A ot
applicatioh.abt @acR ©ﬂtheaieshgaatlomademmadm PITSs. 40A eldGh contaath { ardvkl are ground

conta%?l,ntgt%1 %tgglfnza 4 n?ﬁ 8{‘ Wﬁ.‘fb aygﬁ%(lte%lfi:%y&);{}tsgg' Aeg o %Lé}qgégther contacts

so that tleSfrbinted ot HA ARk BsfoR dnl) SF eHeQi] éHnta&itQﬁ’aﬁie
contacts. In a first deS|n§nat| on, the contacts form at

| $8K10] oridhediontaetasrayi raay epingjguated |§9¢hr thalongasired ingpedaped hetween
conta(gtg hsf’ a%gg{]egzle? &nﬁ,} (%;nt %t alé‘l rfél %rg f%g? e cggs‘;'s ntgﬁ%% ﬁrgl}']tg{l Poeacceptable levels -

even maRé bisseAte ofishietd plaics Behesh gdyaédno MVLIRe Faahérabécaudeadedired levels of
at | east one differential signal pair _and at | east one

impedgnegy [IRSCEIAsSs pRrhersc@Hatiay B aCf{l‘D’fé 8fithen esinglegMlageven in the

{
S5 BT ATy AREGTL QRGO or
presetice of absencé of &ijadent MLAS, andamﬂszmdehﬁy ofthaenielignativmyoflapy adjacent

IMLA}jsefIIngﬁ}f morcF Sppn g\%gﬁpﬁcgor t aCt 1‘@2#4t}%é10 OE%S%&?@?]&?%&PC%Ht IMLAs to
functioABt&febs: | n such a desi gnatl on, signal contact pairs
mb-?&}ﬁ-? -i, k-1, and no formdifferential si gnal

pewiﬂé] Afshogglmtm presef iGver3ioB pr@édﬁSaf@t kgliweight, high cqntact density

fi b
conneé‘,gm gg{ltgbt ({BﬂFl yemggﬁ? gécclngagd m 1nsc,{§nceg ?V%e} 9 aﬁuﬁqctlgnr?g costs or specific

produkPreq@¥eititEnediBythb @estifor H%ﬂ defisitye Egd’cm%anMH@ﬁécﬁ)rdlh@ to the
such a designation, s contacts b, g
invenipl dpesfnot FRasira gliacen Mi@.tg Aagictien améltlbrIMLés&%h wawwﬁd
f .
relatn@lﬁclo?é?lg;’tor%ﬁ{ég 8?133 Rel gar %} efrcls?ll'l 8%% o(jglaergt%ggltog? a %\%ﬁﬁecant reduction
in per€eritancd. SGaa,ated IMALA $pac1lng fanilitared the, ust of laegen ldmnm:temyltab‘ewires,

defined to round cont act I n such nation,
whiclyfrg saerB Ak e I AU RT FPT G PIAGLEgY Boctsses.
:: gi;?l gfe #1 d@pﬁgts %'c%‘@!:t KRAEARER 6 an) adfacént RAKLIMINM, 12

d si'gnal conductofs. It shou
whereum dmmntaotd; arhdefineidto femer mhpectiue plulity pidifferentisk ignmbpairs in each

s be defl Ihe conta r und
IMLA o st tien o oreire Do FaRert Ryt 2446 and 2469 be
consi@dBd t&Aidt @BlunIngd1 Gt rdwh faedteéd fohe ADesi Pl comacts are designated by
depicted in FIGs. 38A-38C, contacts g and m are ground
the leerrafsbe @,orrqe\norumg:m @eound cautaghs regssigaater by @@yDpdis shown, contacts
t of ground contacts
1A ardEF8 S S SPiEs PR ianBEARARbmir 4F, 7O Ty b
d qelmd A‘> ﬁuxhba{oﬂﬁa&ngatﬁsl ﬂﬁy(be mbmnﬂe&edmi«k:t&mmmagh suitable contact
before the_ signal contacts d]%q t hus b
RN

e .
artay Sqai IO 57 B0 ALAARGYBEHE 18 HENTOporkPAETSTRLP Sonie dhickness and
W1dtth§?H§tﬁh bONeBE 5(2 alknPBshtAB@hRd G4j Qééﬁgc&ﬁﬂ:tt a&hplink &) B ®nsidered in

nati on, term nal "ends of ground contacts
determtmingm nm;abmecoetacemobomﬁgmdom that providiem a¢ceptable or optimal levels of
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ends of the other contacts so that the ground contacts

g and m mate before any of the signal contacts mate
wap@s/ostosl |, the | MLA can support either desi grel/U8mw04/024676
mpgilaneg.insarbei fassand orossf0K,6@ hoet (Be nded s shiekdsbetwedeBWdkbent contact

h anpl e _enbqdi.ment, of .an insert nolded |ead =
arrs§4 3 AL B G e 6 8 vuliremil, enats endsgporsbmbination of
botltl elgius reX@IEIoRhE SotisaletatidR Dif 828d b \SthérQ ibed i

as dopi ot o in Fl G SeicR PR &R shom"‘?ﬁﬁh’ﬁ%éri%%ﬂesmbed in
detatlyhoxe.t Shepghit sheulddhe gnderstood thatisyuchnparameters, mdyose tailored to fit the

. fl tQ be signal contacts,,.while . .

neeont g‘c%?%(:dgjﬁycfo ,%?C?&f 'pBI;fI% og’, A m%%acr?ﬁlf’%c?orrﬁéﬁ‘_’rﬂglg to the invention will
nowdtef desexdbeddo ipeovddeoexachptopiraatier vdlilesand PeFoSfic8 Aathi0Bfined for such a

signal contact pairs a-b, d-e, g-h, j-k, and mn form
COMCKerential signal pairs. As shown in FIG 408,

CONDALA]S 18 .anembBdintknt bf th i Ly R5&TPLE ;

ma;[ Ig)g'ﬂplefi ned to be sfgngﬁl@g{g%@aegﬁg&n\?ﬁ# 2y B3 Regiitact width W of
aboyy, ong miflim¢fer, pnd cantacgsuay be §ebond xamyllimeterayntére Gleftivzestjacent

e ground_con .. ln such a.designatjon, signal
cgnttgé(}ﬁ %aa ?1@9% ,a ggl,) \ (?tﬁg%\ﬁib,e%enilhﬁg o %}?ugggdpmmeters. g1"he IMLA may

inchsdengllesd frame dnts io fizbudiONRILE Y contab8 eXRAWN ThE 13l RanftFray have a
, and n, for exar%rf e,

. contacts a, c, e, @, h, LY )
thickpess b of abqyt et mulimetess: gA{JaMbAWPwI@IS bédtvken ajarteatdamtact arrays
[ d £ or I nma e defined t
b o i) AT By B g et
of the@nhtact srays, and adjuderet contace Siapghy ®8dRgdg&tdRMtive to one another.

co ors, and signal_contact pairs g-h, j-k, and mn
f of(ﬂl,u'%ﬁ f K%Psﬁﬂi‘/atﬁe B9n[ GWa‘Pfr@D&Ab‘quﬁl} W to ganovidth GW between
djaihe 86 RAQOW Nl B@kreateP it tolhE; achs, may.
I hus be defl'i ne%mg%pg?a?ﬁgé@g%%%gf%% eggt%g%}ionéhﬁl} '&Pﬁﬂ’r art
conneetiersaibat rdepienshicids atwedneadjgui contmenirsaysf Subtea connector is described in

oL SRR BIEGS B8 Bl L s
in apipli€aticr 700MA08 56540 feqire M prbse ABY o %62 ann?(ﬁl)gtq " atsge%‘lbla because they

term nal ends of the other contacts s e gro
rely ep plugldtpdates batween afhacentdedbasserabljesoSutin kead agpemblies typically include a

: . 7 t fi
i AR B ong AL LB oI 100 858 b T B O S
adjaceahioconedinothier tisiditactiaire Hi@?@éﬂ betwekR SificRPated A88¢ ERhkKide. In the
imted to acceptable |levels - even in the absence

are
sbseffe ag P SficentdeadsTans, dieeiontigjsarend be shiglded puprlyeme side, which would
resulpﬁﬁﬁﬁé&p@a%'ié ?éﬁ)ﬁngﬂ s of inpedance, insertion |oss,

and cross-talk may be achieved within a single | MLA

]?V[QAﬂ_S]n Bhawabsieeld plasés ‘t&:hi/&lndﬁjat_cmt&bﬂ@g@da ére:cﬁby rr]equired ina

nction.as connector system independent|y of the

conn%clr‘f%%agﬁgrgin%gr tojB% gxhzgréno&(i)g%ﬁ%% anpill gﬁ_g@glalgﬁblnydetaﬂ below, desired
levels BEl@RSNAR) ihpeddhcd, BRI HR6MiIGN 3dsk AhvPe 2K 3G i

| MLAs. I n other words, an1 II\/LSA agcgragﬁlﬁ\é&?%%t‘%ghectoraccordmg to

the invigpiden besaussad sheenfigurption ef thdjcanteets), hvadiscdnd Idadmsdehthily having a
provi des

Ve h 01711 Though the. present inventio .
comIE Bk KPS bt hHIBHY dul SRl TR esmES raciaRion acceptably in the
absercoof any adjededt leyd ag¢mbBy. sacrificed in instances where

costs or specific product requirenents

facturin : ¢ . .
Hga g? tIHE- ﬁgécpr?‘dﬂesrﬁ wheefomsploy of Bifferntial impedavicAas a function of
i onaPBoBh st itk ' i npt. requi re adj.acent
e b B RO T B el R 75 a1
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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relatively closely together or relatively far apart
fromone another without a significant reduction in
w@eoosoissance. Greater | MLA spacing facilitatespehes28€024676
secorﬁiftﬁgt% r Al %%?Eacﬁ?i%&%t{(a%i\%ﬁﬁg»aﬂﬂagg dg'fé?el?c%? irﬁ?edtaﬁce of about
make and mani pul ate usi ng kno ut omat ed producti on
90-11dr clvess aed the[diffeizhtidt ii@pedhbcalis pelativelyp castang Gite. , +/- about 5 ohms over

the 1RaEr R Sotiet S BRpEN ERE S Retat Bois. o Aitzereisif smpagce of about
92-10% a1 istpYefBired IThE Shpetahad profig Rk eRAisighal PaifR@BohtIYhé\same as the

_ For purtposes of this description, the |linear contact
impedance profe 6x expy ethaBignalpave Ridiesindal istpedanreas measured for a 40 ps
. .COl MM S0 THE., I eferred to as A-O Signal
nset%en %rgﬁsoo/‘e’irgg% gé?%‘%g ¢ "by the letter of the

C 01 78§ p OFIdi. AQBrpeowid gy aoplorio fanseitaa osedsea fiastianaftsgghabftequency for

G\D. As shown, contacts and forma pair, contacts 2B .
each gh e slittqrgntial signal nairs shown A3t AAS SheweR. ipfertipyy lopiis a¢latively

X nBbEEs /) rdt RIUP 810Gz, SHY ikBHRnI0R B Lach pai

conStgi?tr(g%gf:}%gfi gurat ())n fsg@taandyl M_A accordi ng tg t he ach pair was
about the earhé anthe Faertendogsl for exeonothet paihi ckness and wi dt h,

g {.dt e en jacent contacts, and adjacent i

JaR e B e B8 BES s, ERRESHS; wOBLcBF wiaREmgnt0s of mutsi-
activé Hédr 2Rl Gnd e eAd crakbtaRyas GRAEIIEY hedacR B f tHRaNgral Pattsd e cross-talk was

acceptable or optinal |evels ofinpedance, insertion

measpsddor 4hendchps-risgitikaes o boie-A0eotugrnl feyel shi el ds
b | . - _ . |
pd O JF} 33 Whicf Rkt g ¥ien: r APl el SERLIAS wherein

the coids aetdefinedo foah b redpsativepluraligtdfRmgleserided signal conductors in each
consi deration of these and ot her such raneters are .

IML e B¢ IMEchsiate thersame a&ﬁ*@%gemﬁfﬁ@rf IG 4%%9 phiypsatference being the

contaUﬂ@eq{n?lri d A%éaﬂ{, tRUERa @n%?ﬁﬁ%@ ABX 28 2ueB !yt doRsitibied contact
t S 0 ar conne an

€ nee a’ particu ctor application,
colurensaamd theaows exctroferrad cmasdA+1()) Bignallveniants@nd dasignaiel [byrlpanletter of the

be described t rovi de exampl er, val ues, an
correSng e Fae -t SOUBT B e ciro pome il T CoR s SRt T4y 2B, 1
etc., 48 sRgI LR IRAt coffludtélg. | nvention, each contact may

have "a contact width Wof about one mllineter, and

cdfl 8t sFiknp4heprevdesonrefletion plot psiegle-cadrdampedancyiag g function of

. dj . '
oS A oo L TR S e
impefldrRBByds icas@red fdireattgsigidl icoitadthe vatiisaiie 284isiind] prépspated through

| ead frame may. have a thickness T of about 0.35 )
a firshiepy hoged, @p gssopfgtadmieades i thigignsl erntagtetn asencapiedieceptacle via, and a
r . ) . . _ .
secorfl A AR TR Rk R SRS sl e mpodanc
of abbitetO- Ehgtirhs, @ahd thessinglertradekl impedanse isankitiaely aomstdnt (ont e tbout 10

arrays nmay, be staggered rel ative one anot her. [.0
ohms et EREHh P e AR GrovelaAret oL EEGH SRAUER. Wy tigele-ended
imped@fe ¥ @b dut PNIOIMRGE p RUrARRQE The $APEAGES pfild fob Badl $@faBEontact is
In a connector according to the invention than in

aboutthe same ps thedmpedanoe profiteafor eeary othsr sighal|cgstaple tSieglerended impedance

adj ac cont act arrays. onnector is described

was AR £ 30 bEfte Bk bR 1 4 SPe R PERFSAEL ) 0505eednt
Typi87 ERNMAEB! plovides Hedtlcdfiont plos6f Apgdeehdridmipadance as a function of
a)r;[BI imé]ati on 200%0005654 r'eqﬂli re the presengg of nore

signa{ peppagatien| tggqjthﬁ@gg@@gq:lyoﬁ;b@ sigad copplagts shown in FIG. 43 measured for a 150
ps rise time from 20%-80% of signal level.
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rely on shield plates between adjacent |ead

assenblies. Such | ead assenblies typically include a
wabioshBopl at e di sposed al ong one side of the |padusrase4676

solvupalt Whert4lguaviiiesnpiot af wsqtion bds el funetien oftsigma frequency for

t opt act. e, di sed between shi el d.
can P86 G OHAE £R67 7 AERG0, BLER ok M By consan s
than hlssad - dB)or sighels ©pné asdt RWEHLZ, R6d slib@iof 26ks TBr QIdh XomB& was about
side, which would result in unacceptabl e performance.
the samq agthe paseripadossHPEE Y, PlheReonkist-ween adj acent cont act
ar a n r j J: nect r.dj .
R, EFRin ERUAE G, B SERRES, REr ARG o e
activbetavwendded ifareuhdicensslatk mfmeasoed at edck of thepigah cantad$) dThe cross-talk

was BRI R 4§ PHEce e AOTLI b AL St SETarEe.
C Ofofi 85)ur BIlGsOB5 21458 R0\ aER 6 Blk madsufhAEE0E a tkﬁ%ﬂ:—ended aggressor

.. assenbly having a conplenentary shield is no
injectipgagipeento aliffererfiah ghie. Pisaal contastsisirg designatedriytthefetter of the

t Y I n f_any. adjacent |ead .
comeSRFAMTON pifh b SR RSBy B B KBt fispignetgd by o
For eadh diiffefentiginaitih cacip@ean tglf aftha phit ek ideiRed{i.eSicaf@tts B, E, H, K, and

ropagation tinme through each of the differential )
N). Bhegirar epbinktasuhsilicrs plgoiservolipgs way wapsused omibe adiseent pair. The
- [
mon- Y S B RN IR R SRR PR b o | - G et iages e
showadengseatimees dfe@desr(109:230%), he0 ps G1084-9¢4),rand A58 ps (H680%). The
receptacle vias, and asecqgnd.test ard. shqwn,
AT PO AT MR 0L D el dd i diags B, would show up as

differefPAGRNREdnhe AYReht HPrefen@Prir. and the differential
i npedance is relatively constant (i.e., +/- about 5

oHAE8@v erlGsheoA-dal provade erhgs-telkrmeastusmientsHooa diifesential pdir aggressor

e S PSP A eSS Sy Rl o e tvero

the c@eportdignBw, Rad ground @bmdéts hfé&ie@i@ﬁ;ﬁe@ﬁﬁmﬂ)i PBE&RA dffferential pair in
profile for every other signal pair. fferenti al

each prygye dherradr Wassdinsasyddthe near-cad smgjesended golfageavasimagasured on one half

of an ]aﬁj%?:gg%’aﬂf i.é,i (Qﬁll?alctsl B¢ IH Ii,%ﬁ; %h lﬂlg‘lmlf's%g hBIFQ¥ .Fh%e\ﬁctﬁn pair was
plot of insertion 1'dss ds’a function of Signa
termihated)ireftyhrhor Ceastullopert értaghs hfeeshowhifad riseitimed of i pisg10%-90%),

100 5% Qoo i 2Dy ALY Wt by degicat e percentage of the
differshtid1 3] ghalidliafe HFE woRlAGhb WP isfr?lrg_lé—éiﬁl%d Bers? BRGH agr@{:/ént single-ended

was about thé same as the inserfion loss for ev
contagt. her pair. [0179] FIGs. 42C and 42D provi de,

r tiivel Wor.st case.neasurenent s of . nultiactive
nd0FSAgh et B n oS00 elRARY S hatefibis B ershe Brece

backplit® cnféadr syetefmSthat 19 Basel @psn hi ML Waresizh s cRIbE BSed4Br either
and 100 ps rise tines from 10% 90% of "signal |evel.

differpyiad ppir pf Einglesndedsyignals witkisrihesamaMbhgdive selumar differential pairs
demcih 85 B B8 Mos U 05, WDRL bR BR01 a6 b iy 2

Gb/sesitg gedatet drapproximatalyel2chGbved. Exenepldriylcdafi @iratidriendadee] 50
di fference

_.asthoegeictedinFG 4,1,fth only - . .
positiga faigl G HSn SIS ESers 4B fAf Posihen ORI et ceHers lhwitpout interleaving
shieldsO MBI N RY Stard-810n8 Wohidt BRafBKatife RANAL AEHAL FRBE@ R0 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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colums, and the rows are referred to as A-O Signal
contacts are designated by the letter of the
wa@orosespendi ng row ground cont acts are desi gneCERUSHN4/024676

h Q)IPB; &%d%&%& """""""" higdce. Bt Vantag@bLelect
t eresi n Ire ended si gna condu tors :’f% Flaé eec romagnetic
couplpigovitlde sach IMEAsthe lpmseml intengbn helpgtoepremded shrehﬂd;a rcomnector with

NSRS S .
specify PIRURD 6 ad¥BH p’iﬁﬁﬂﬂlﬁgreﬁﬁ’él paRGiEnaisOfiagle ‘éﬂdlgd%‘iénai’st or power At

various tinmes as a signal propagated through a first
least giglty Asopy of caparitysan b gbtaincH dma dow wetght,thigh spegdh gnnector.

¢ ZQ{@E o gtr 13% ﬁs ﬁ&ﬁér&g&fitélgg & %r@%%lgg ﬁiugtr%tmdenﬂ)q%?rﬁgrﬁg have been
prov1@f§blr’rdbtet}01br tirpudpsst 0 ie)quamded ahdrediane &/agfto Bb ootistri®d Z0limiting of

the mggﬁ@a%gr@tp r\]vzuc%l i Ie %g%)glgﬁgg illgrrépmed ar\}v(ég%ﬁl,c? tc{qgclr}%tél:q\étaﬁg gjustration,

rathettih %Qﬁﬁ %ﬂlﬁﬁi)&tl&ﬁ‘ r Pﬁ’ﬂ{br eAmbugd the Ii‘r?veﬁh&pﬁalls tfé@ﬂ HaktiBed Aerein with
si ngl e-ended i npedance of abdut 40-6
referepc@foqmrtmllar‘s'trecturqo cutamals qodor ﬁhléwmrentsatm 13vq111nan is not intended to

v i i e Rl BRGRASEaALI {sonany

equlvﬂlﬁﬁtséﬂrﬁleﬂlrésoﬁleﬁloﬂg aiBudeb,SAch hd@re Wit thd Ke Y 6rahe @p@ﬂ@éd claims.
| evel . [0182 FIG 44B gr ovi des a ref|ection plot of

Thosesskildtdeindhrierts havpe dbmbaelisoithe taaehingsofdhis spepifigation, may affect

numef R %?&ﬁﬁéagpé fhg%t& rrge}{aés)ﬁ{rig%ie%?ﬁg l?ef Tg{;ee\gﬁﬁcgﬁ gg %ﬁﬁ%ﬁg{ngﬁrhe scope and

spirit 39%8@\9@&%&1 @haspedtevel . . 44U proviaes a plot of
insertion loss as a function of signal frequency for
each of the signal contacts shown in FIG 43. As
shown, insertion loss is relatively constant (Iless
t han about -2 dB) for signals up to about four GHz,
and insertion |l oss for each contact was about the sane
as the insertion loss for every other contact. [0184]
FI Gs. 44D and 44E provi de, respectively, worst case
nmeasurenents of nultiactive near-end and far-end
crosstal k as nmeasured at each of the signal contacts.
The cross-tal k was neasured for a 150 ps rise tine
from20%to 80% of signal level. [0185] FIGs. 45A-45F
provi de cross-tal k measurenents for a singl e-ended
aggressor injecting noise onto a differential pair.
Signal contacts are designated by the letter of the
correspondi ng row, pairs are surrounded by boxes.
Ground contacts are designated by G\D. For each
differential pair in each array, half of the pair was
driven (i.e., contacts B, E, H K and N). The
near-end and far-end differential noise voltage was
nmeasured on the adjacent pair. The non-driven half of
the aggressor pair was term nated 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
si ngl e-ended signal voltage that would show up as
differential noise on the adjacent differential pair.
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[0186] FI Gs. 46A-46F provide cross-tal k nmeasurenents
for a differential pair aggressor injecting noise onto
wa@2@snegost ended contact. Agai n, signal contactBCHUS2004/024676

WhatdeCilagmgd:ed by the letter of the corresponding row, and

ground contacts are designated by G\D. For each

differential pair in each array, the pair was driven,
1. anfh elrgrind @onmsetbrsomptisingnded vol t age was neasured on

onq.half Qf an adj acent gair (i.e., contacts B, E, H

K2 A SECT AR NUS e §eLly copqductifg contagts; mndai r was

t enedd@iBeintd whhah 5 i ges are

shown for rise-tinegﬁ%géﬁgﬁggk(z%&?é%@g,cﬁoo ps

( Yawgadn the contagts 18ay hesselezt vl degignatdasreitireregroursh@veignal contacts

i.ndi I f.the differential . signal . .
such B WEE Ry HERe BRI BT T o " opeh B il s Saeigingomprising
a pairad sigoaintonsictsghret, @naledoiddésigation, MSddntddls RUATRIaQDne single-ended
. the present invention can be a scal able, inverse
signaliGeAdiStIce backpl ane connector systemthat is based

upon an | MLA design that can be used for either

’ dg&%e ential pair or _ single ended signals within the
- safecierirgal copaectey fiekrim; ¥ mdiersin theicoptarts maydwsaktiiatedefined such

; i i I -talk from.speeds | ess
that, i Ao B SorBis (e Al A HERA Pt and SFheast one
singleggndedsignalicenqucld®, 5 Go/ sec. Exenpl ary confi gurations

i nclude 150 position for 1.0 inch slot centers and 120

position for 0.8 slot centers, all wthout
3. i Tibeeletacalngnsdui@l dfslairi e whifeAstha entgétanty MRs L& Bne

ans that the.l MLAs may be stacked into any

groun{ ggiact dispasedadiachy tp diat leagt qnsrdiffersntinhsignakeedl inyhefirst designation
and adj ihHB: L8 onati

D edsH hedih G Spa 2 RN Eonghl i sy 3 Ggnagiop

mm By using air as a dielectric,there is inproved

4. I : ' her advantage of
o Rl RO RSP s, bRk M Gp e Eed n the same
relativp lasgtion wiithingthe comtadiahpg int oth teviidedaigabiig! 1dass second designation.
connector with good signal intergrity and EM
performance. The stand al one | MLA permts an end user

5. tBhesglewiital colmectoe of tlainagswhereidi 6ash signdlicbh@Eak adbspB&ive terminal

i gnal.s, .single ended signals, or power. At |east
end and vlR P53 p5uit5h1 SpdBEEE 0 oniaci st dnon beviand auy Fginal end of any of
the sigh&li @fitactshi gh speed connector. [0188] It is to be

understood that the foregoing illustrative enbodi nents

have been provided nerely for the purpose of

6.  CRR A8 BordbioR bEcThil 1o rcggqpa“n onstrued as

limting of the invention. h have been used

her ei ra sgeendilineds caftactiesay ofelearicalyctontihdsist kaith&s, and

rather_ than, words of lim.tation. Furfher, although the

i nventd EROKHS a%&%’ﬁ‘e e &Vﬂ“’g‘éhe ﬁ‘é‘}t%‘itﬁo(t/@‘ﬁ feqod Aipeasagay ot least
partiallygaixtendul ar structure, materials and/or enbodi nents,

the invention is not intended to be limted to the
par t i CYiea?iB thi epntastsend theeseepn linRat freay, may be belewivelyatesignated as

it RIS NE)RISH S 08 BL EHEAY B o
differemtpsb eigdelchaid cdmpsisinghOser fisidnhPébnitddts, Bed, § b fod?ﬁlvde@%gﬁt}fkﬁu, the
nefit of the teachings of this specification, y

b
ContaCtég‘?I@b?t IpasheRotiRelpwadled Senal eenducionr et 0 and changes may
be made w thout departing fromthe scope and
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spirit of the invention in its aspects.\Wat s C ai ned:
A el ectrical connector conprising: a |linear contact
wa@eooay1sos1 el ectrically conductive contacts; aneCHUE®a024676
7. T @RIl ¥hinEdtof EIGRNS, 3tHeteiR bros Mt baFebd ﬁkﬁé’l contacts in the first
extend, wherein the contacts nmay be sel ectively
linearchersy gnd sigdalantactshe thegpecanddingar aiayris limited tae tesimbleHevel.
that, in a first designation, the contacts form at
| east one differential signal pair conprising a pair
8.  ofThsictpatricatomnectosof caith, 7,iwhereis 8reoachnddsidyfnanée ondispoked adjacent to

contacts format | east one, singl.e-ended si gnal .
the firglGad e, ans WHgrein Jhepsralyis DBed &t aresylt ofp Zppfiguration of the
contaMberein the contacts may be sel ectively defined such
that, in a third designation, the contacts form at
| east one differential signal pair and at |east one
9. SiRglReARIEREARRS T SARKRIGHHREein the cIOR-t8kE€ tifnitEdhs a result of a ratio
connector of claim1l, wherein the contact array
of coritagt Wididdo atgap sudth bgtveceg adignent corfrefst di sposed adj acent
to the at least one differential signal pair in the
first designation and adjacent to the at | east one
10. siThgletectivdbebnoegiondf damd othsrein thetdnessdalldhlimited in the absence of any
..designation. 4., The electrjgal connector of claim3,
Shlel(\/ﬂi@?Z’Fﬁyeteﬂghegé%bmﬁies@fﬁﬂ%gg?dﬁ M- sposed in the sane
relative location within the contact array in both the

first designatiaon 1 econd desj gnat i.o . The
. oiThEelr il CamFae Chelm Eraiein heRBE b g e Cingationtact array
that afeQi¥s@fhtel 88 signd1RORAEHE p¥RIut&h FlndlelElRW aadrivieliaiedr fe contacts in
termnal end of the ground contact extends beyond any
the secendnlineal awgidther arg dgsigiatedras signgheantasgnt acts. 6. The
el ectrical connector of claim1l, further conprising: a
second |inear contact array of electrically conductive
12.  cdheglectricabemnecteeefmiim Hawhereamheidififesenital signalipair of signal

cons TGS o B BERAE P Ao b B i

electrRI iy ilHR¥ b asEh AtitiveBl lywitsdnihnfitla the@Santidjdeetit sfgrmaleshtact.
or signal contacts such that, in a third designation,
the contacts format |east one differential signal
13. PFhE efRii¥al Sdndsctdr PRIl4imOf2, Sihgita the Abfadédt Signaldbntdchisan the first
- fourth designation, the contacts format |east one
lineargppigrearedyded si gnal conductor. 7. The el ectri cal
connector of claim®6, wherein cross-tal k between
signal contacts in the first linear array, and signal _
14. ¢ J?if: glectricehcannectgeeiohdim 12, sderean thaydiagentisignalgpntast i in an adjacent

linemd((enslgar blae |l evel. 8. The electrical connector of claim
7MRReTEPh the second lead frame is disposed adjacent

to _the first lead frane, and yvherei_n the cross-talk is
15. Lmtgﬁe?:glac%l cfaonglggtlél} ct>f c?gimalf %rl]lfellre%l{h%taldj%genqflin'éaprecontact array is

staggered relative to the first linear contact array.

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

impedance of about 90-110 ohms.

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

single-ended impedance of about 40-70 ohms.
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9. The electrical connector of claima8, wherein the
cross-talk islimted as a result of a ratio of
waoosactoswi dth to a gap w dth between adj acent PCT/US2004/024676
18. C%E%fécﬁ‘maﬂ&nn@&@r @ﬂc@eﬁlﬁr 1,5er&R MRSk She Of the lafediRia) signal pair
wherein the cross-talk isS limted in the absence of
contacts hasdn ipbaitiph ktse oblessibam abdwe 017 dB; ot apprbxsmatelyd GElad
frames. . The electrical connector of claima8, wherein
the contacts in the first |linear contact array that
19. aﬂ&e@@ctr@nhctwdeggr ofi a1, odretac msitpadieosancndirass-tatd measured at

We ectr contacts in the d .
the ciftefafipl Soral o indees 4P thab GreiPatronta ep e RN QY Bicoseconds and
10-90k%rcehhAsetiget ri cal connector of claim 11, wherein the
ifferential signal pair of signal contacts includes a
gap between them and wherein the signal pair produce

20. a Trheleﬁeuﬂeei YorE&br 6 skl 1,wHek@h chulltl aéthiR 28Red\¢tods-talk measured at
relatively |ow electric field near an adjacent signa

the smglmeadqd sigryl camiacier éclessi thanl ahoghfieetontighpetdent shapproximately 150
gnal contact is in the first
plCOS‘fGOHgS ?n ciodqn Og%%ﬁr?géu 4. The el ectrical connector of
claim 12, wherein the adjacent S|gnal cont act is in an

adjacent. | jnear co a
e dR eRbliea PRBFpr R Raiein f-Afedanend ffi@ipnc measured a
the dlﬁﬁféﬁlﬁﬁﬂs@l{a[ Pair isﬂeéittﬁeﬁ%bﬁdfoﬁﬁbﬁrbérﬂ at dgprétimafely foirty picoseconds and
| i near contact array. 16. The el ectrical connector of
10-90qtezgemt nise fiHerein the differential signal pair has a
differential inpedance of about 90-1 0 ohns. 17. The

el ectrical connector of claim1, wherein the
22. s iTﬂnglelscmb@n@ﬁ@ﬂmf damdliothsrein aultiragivefreentheregs-talk measured at

the sna%[g dC S gna{l &F Wibor isoles\%(q)tlelé)lggﬁﬁoué&n?egk?%eﬁone &?\h%tely 150

pwos@hoﬁﬁ@mﬁrﬁppaixxmm@r}eao p@pércanmisadie. has an i nserti on
| oss of less than about 0.7 dB at approximately 5 GHz.
19. The el ectrical connector of claim1, wherein
23. Milhkiete@fidalVénne@or €Maiy QSehet¢h khereRdiniied cadsstallewithin a column.
differential signal pair is |less than about three
percent at approximately forty picoseconds and 10-90

24.  PAhe@Nctridabéoninkdtsr ofZaimlt)eviRt&s tidsqtalk iS Bmited uos redhilt of a ratio of
claim1l1l, wherein nulti-active near-end cross-talk

contaptaidth ok gep Wikt betwenadgacarictontagisal conductor is | ess
than about five to eight percent at approxinately 150
pi coseconds and 20-80 percent rise time. 21. The

25. e |Té1cteiqcmal eumacior ofrclam bIveliensin at gt oae af Wasingleended signal

condl.gg rs fig E CinSe ?raglsé(o &Y 1? ﬂ)o% 2tdg ?ﬁ}grgﬁﬁfa%l ﬂlGﬁ% gnal

ess out our percen app r
forty plcoseconds and 10-90 percent rise tine. 22. The
el ect,ri.cal conngctor of.claim1, wherein nulti-active

- 1 AP ERGIEH SR OB d at

a linear contact array of electrically conductive contacts; and
a lead frame into which the contacts at least partially extend,
wherein at least one of the contacts is a signal contact that carries electrical signals with

an acceptable noise level in the absence of any shield plate or adjacent lead frame.

27. The electrical connector of claim 26, wherein there is limited crosstalk within a column.
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t he singl e-ended signal conductor is |less than about
three percent at approximately 150 picoseconds and
wappsoxosat el y 20-80 percent rise time. 23. ThBCT/US2004/024676
48. el aueracurhl cuneeot amprfsing: ai m 1, wherein there is

limt cro st.a wi t.hi lum, .24.. The el ectrica

nk&‘g?r tF‘iF%eielv?/\,ﬁés?g‘?cﬁseSP%%‘g%l KORECts it ed as
a WEB&Hin th@§igAallcdhiabts Phayds k%l%@ﬁve\_ir\% déﬁheﬂQn itk Bf Wi§tiiesignation and
bet ween adj acent contacts. e electrical

a secpathfesigngtion fucky thatmnithe firré degignation, thesigndeentetts foran a differential

s1 gna? #)Q]? X %deft?lﬂg% seg:ggﬁ] ?é:Séé}% ggé{,ﬁflg first gl%ﬁal%p l:agtsg : té{{@i]e-?’gis d B\J‘gnal

condadtect ri cal connector, conpr|5|ng a Ilnear cont act
array of electrically conductive contacts; and a | ead
frame into which the contacts at |east partially
29. exTiendlectibe conmectir of elaih 28Neha@éintthelead fihme iSadapted to receive a
si gnal contact h%t carrjes electrical signals with an
groungheqntach pliacenbiastve hissy signplcontist- apsence of any shiel d
pl ate or adjacent |lead frame. 27. The electri caI

connector, of claim 26, wherein there is limte
0. crbheslentricalicpmnestios of plaimmd, whereipcnithy %eapn%wg@p@m, the first signal
conta(épm %' 1e— deﬂ 1rf\&';1mvﬁﬂﬁﬁa%gn%8 receive first and
second si tacts erein the signal contacts
may be sel ectlvely defined in either of a first
d . ' .
31. e?tgeigé’f elglaﬁ cglﬁ}gec%r %? glgﬂﬁi 29 ﬂ&@g&lkeol@%é H?%re Ilnéjfg&thexl aﬂiaﬁgﬁ to receive
a thlrdlsfgner cmmtacathas 1sgarmxhgl¢>ande,d sadid] conduétbe second
designation, the first signal contact is a
si ngl e-ended signal conductor. 29. The el ectrical
32. ¢ OTHteslédmﬁcan;omieat'olfbe&aln\i\D& nehereih fige legdfame aRirthér adapted to receive
ted to receive_a tground contact adjacent .to the
thlrd@m Equr%lu sighal contapinibat fogp a spndgdiderential signalyiect or  of
claim 29, wherein, in the second designation, the
first signal caontact forns a single-ended pair with
33. t nb mpthadhgoBPATIBEt . 31. The el ectrical connector of
cl r
; JRefR an Nl iR toP Bt P ook YA Ear BPLRG 1y
condu;dtglﬁ abntacts dod b ddad fBiZne iftvewlkick dierdoataktsaoleagattiallyfextend, wherein
he Ie d frame is further adapt

the ofs Rt Y bRPCGETY 4O REIRASs EYIE EERRE S FGnElFaniaE Broythal, in a firs
desighREAN) theiohfa®ls&Binh 8 1edt BRAkI fRAal Shal PaifBEHPEsing a pair of signal
conprising: providing an electrical connector
contagtsnind, &1 megcand destgrationrtheicentants foymat legstene singdd-¢nded signal
d gnduct ive contacts and a lead frane into which the
condii@Mracts at least partially extend, wherein the

C Qi¥bigahtingay chHRa&ehesithey Bloyind 6§$1Eﬁ@h6ﬂa@t§ @it her
ground or signal contacts such t in a first

desdecieplly sannechag Sherplesttienl ponertar to aeirquitdeerd having at least one
signaﬂhﬁ)%.em' al signal pair conprising a pair of signal

34.  The method of claim 33, further comprising:
electrically connecting a contact designated as a signal contact to a signaling path on the

circuit board.

35.  The method of claim 34, wherein the signal path is a single-ended signaling path.
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contacts, and, in a second designation, the contacts
format | east one single-ended signal conductor;
wa@lewsgmasi ng the contacts as either ground or BOTOSA004/024676

36. cdmeandthod afdaiel B4 twhesn the se@RaNEAR i9\WdiFRRnEhESialifg bath.
connector to a circuit board having at |east one
signaling path. 34. The nethod of claim 33, further

37. cdamemhahodof ¢higrld, ifeeldr ¥oltpadaet i Ng a cont act
desi gnated as a signal contact to a signalin _tpat h on
t 1signating;the eRyMaces sugh that the centartsdorn atleast nn@gl,f evinginkbsignal pair

Libg oS Led si ngl e-ended si gnal i ng pat h. 36.
compT%egné)thggS% {:kiogll?ar%gm, wherein the signal path is a
differential signaling path. 37. The nmethod of claim
3 f | $i.ng; .gnating the contacts such
38 tﬁg\lte nﬁ%@%fnc?%{g}t)jsj’?%@%r 3&?@%@ one differenti al
sidgsighatingithe comgats Sich ghad theaiontaofs foing Bilkast 61k &i618-end& signal
dThe met hod of claim 33, further conpri sing:
Condyglati gnating the contacts such that the contacts form
at | east one single-ended signal conductor. 39. The
nmet hod of, c| ai.m 33, further conprising: designating
tﬁi‘em‘éj&tjﬁaéw’fmrfﬂép%‘?ﬁ:acts format |east one

dit fier et . . : . e B .
O SRR T AT Bl 1B i B B} BRI signal pai
compising apaiwof sigfal cntyistaedmt leastpné singlg:ended $ipealicbndieedrd
having at | east one signaling path; and an el ectri cal
connector conprising a |linear contact array of
40. elAesyistent abinprisiogduct i ve contacts and a lead frane into
whi ch .Lpe g ntacts at |least partially extend, wherein
t AETEGhPeRT _aWE%aUSa%BP%%‘EFQ}’é!g Hedngnat ed as either
OhREREriRAl MnHERbr CHPrRfS: e ednat an%foiaelédttriéatlly conductive
desi gnation, the contacts format |east one
contagfs arficbs kead iframegntgrvaiicpthie contactp pi lsastgadiafipiextend, vehegeialthe contacts
cont act and, . i.n a.second ,desi gnati on, the contacts , . .
may bf SHATCT) 48 raicitds YRS REM ol e Gioafbisshg it & Bist designation,
the confaets&biin hileast bRE BiffefetkiaCHEHE BAiP EorPrifth€& bhik 6R%ibYal contacts, and, in

connected to the circuit board.
a second designation, the contacts form at least one single-ended signal conductor,

39.

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

-36 -



