Hl GH SPEED DI FFERENTI AL TRANSM SSI ON STRUCTURES W THOUT GROUNDS FI ELD OF
THE | NVENTI ON [ 0001] Cenerally, the invention relates to the field of

el ect ri cavocoswnecisers. More particul arly, the inventionpcehsb@s/obems7

| i ghtwei ght, |ow cost, high density electrical connectors that provide

i npedance control |l ed, high speed, |lowinterference conmunications, even in
t he absence of ground contacts adapted to connect the ground plane on one
el ectrical device to another ground plane in another electrical device.
BACKGROUND OF THE | NVENTI ON [ 0002] El ectrical connectors provide signal
connections between el ectronic devices using signal contacts. Oten, the
signal contacts are so closely spaced that undesirable interference, or
"cross talk," occurs between adjacent signal contacts. Cross talk occurs
when a signal on one signal contact induces electrical interference in an
adj acent signal contact due to intermngling electrical fields, thereby
conprom sing signal integrity. Wth electronic device mniaturization and
hi gh speed, high signal integrity electronic comunications becom ng nore
preval ent, the reduction of noise becones a significant factor in connector
design. [0003] One known nethod for reducing signal interference includes
the use of ground connections that connect the ground reference of a first,
or "near-end," electrical device to the ground reference of a second, or
"far-end," electrical device. The ternms "near end" and "far end" are
relative terns commonly used in the electrical connector field to refer to
t he groundﬂlg%%$ EESDHFRRENIA ML ERANRNISHO T SRR BV Fegn RddHOUFhe
near-end device is the device that TRAOYNES a signal ini Gugn me signal
contacts; ne iar-en a device is ne device mat receives the signal. The near
end is the transm ssion side; the far end is the receiver side. The ground
connections help to provide a common reference point in the electrical
system such that the signal integrity of the signal passed fromthe

near - epr P\ E THIN VN TEasy connector to the farend device is nmaintained.
[ 0004] Thou?h sone prior art electrical connectors do not have gégund

connect i ons[0084 Esnerally, themventiopnareclaiaste iy fipldahelestapdreonseotors.s ietie pri or

o o PR RIS R kb b R IRR (S

r ef er epeeide@nptddnte BBMtTIRL high gitel, loRtia@tetance SanRubicanes, wddf the absence
applications for electrical connectors with no connecting grounds include,
for exefgpend eqniacknadapteddo sonngct the gpBA @lane g one electrical device to another

ground plane in another electrical device.

—
—

BACKGROUND OF THE INVENTION

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

[0003] One known method for reducing signal interference includes the use of ground
connections that connect the ground reference of a first, or “near-end,” electrical device to the
ground reference of a second, or “far-end,” electrical device. The terms “near end” and “far end”
are relative terms commonly used in the electrical connector field to refer to the ground

references of the devices that the connector connects. The near-end device is the device that
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[ 0005] There is a need, however, for a high speed electrical connector
(i.e. s operating above 1 Gb/s and typically in the range of about 10-20
Gb/s) thavoizsostievzsiid of ground connections between t he growsdooseb@sence of
a near yeihie £650d eabugei gBnandntRe; Heabnend &5al-aner @@ thake®Ps e

el ectrical device to help increase densi ty. SUWARY OF THE | NVENTI ON [ 0006]
The i néiénali diepewiandds the tranghissipe silcethederrandds theopeedear side( dpeeatindg above 1
Gb/s a 0 0 devoi d
T L L e T

r ef er egigraldhtepnty cfltResipha phssde Woaethe @emeezfd&révice tiirbegic gRREAREREOr O tHefar-gr ound
reference_of another electrical device connected to the connector. [0007]
Parti cEthaﬁqu%e 1Fﬁlaé)‘ﬁém§¢¥bod| ment of the invention, a high speed electri caI
connect or c i

first gr oung) elrIglﬁcgn %O%ap rgdgggtﬁegé&ﬁl%égbﬁg O?Ad%f/{l%t h%% g‘% %ﬁaggg%?ﬁlr)\ gr ound
refer ecmmsct'lﬂmr cnd faredml growmtd referermys,isnch pider zat ﬂwneﬂtcﬁﬁnd&wﬁ bpgatead one or

nore signal cqntacts, is devgi f any ground cqnnection between the ground
r ef er effEHIVGHY SO SPeqds & %ef‘fc%éﬂﬁ Sugh HEVBLHTES AR AGORSHA ISR P mesRa t he
ground, ; e nnect or.
R Er L B P P ] e s B b ek 8 B2 000 P
i n t heeldettiaill codnebbars wiitht icorenhérdingfgpdundesnclile, ferferampleetip and Hieg ooted

dr awi n%im% V\ﬁ/ of non-limting illustrative enbodi nents of the invention,
in whi Re'Wef erence nuneral's represent sinilar parts throughout the
draw ngs, aguhospeTskR:is a Yed, hbwhver, for ﬂ%@h%p%e@ae&ﬁmloﬁné&oﬂz g bgﬁﬁﬁ@a'
signal pair man eiecincal connector having a ground connecti oh adapted to
connectbavied @Gb/s andtypedadly émthe r@lﬁgeaoffabo@ttl(bl(éGbiSD tal isdevoidef\graundt he ground
reference otf abﬁ’g el ecté rcq %H{Péo%gt‘e 1%8 2 de ts anpt her
exanmpl ETHFCPIE PR &1 ff?flancﬁa(i ral}eﬁr' £3 X’Iceé“& cgfr?)‘tm aving a
gr oundref@BRecdfiar-astpglb@flcd1 Aetion AEkdlp iteeagt asdyr ef erence of a first

el ectrical device with the ground reference of a second el ectrical device;
[0011] FIG 3 depicts a differential signal pair in an electrical connector

t hat i SUNEMARY FH@BNW I&necti on adapted to connect the ground

222323”2&8&@8& TH e T R srlld Ael P bRl or GhREfs fdp 1°
i npedaGbs dndsypicaABuintise aﬁg@eﬁ‘thouﬂ%@b@ecizloe}wh)fthﬁneawoad ofargnabuphi rs of

FIGS 2 and 3, respectively; [0013] FIG 5 illustrates differential
i nsert pmept&g@ witun gheraé@mﬂgag cgnes the grovd 18tsrenge of one electrical device connected

to the connector to the ground reference of another electrical device connected to the connector.

[0007] Particularly, in one embodiment of the invention, a high speed electrical
connector is disclosed that connects a first electrical device having a first ground reference to a
second electrical device having a second ground reference. The connector, which may include a
connector housing and one or more signal contacts, is devoid of any ground connection between
the ground reference of a first electrical device connected to the connector and the ground

reference of a second electrical device connected to the connector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention is further described in the detailed description that follows, by
reference to the noted drawings by way of non-limiting illustrative embodiments of the
invention, in which like reference numerals represent similar parts throughout the drawings, and

wherein:



differential signal pairs of FIGS 2 and 3, respectively; [0014] FIG 6A
illustrates eye pattern test results using a 6.25 Gb/s test signal as
per f or nedwvonroddneozinf f erential signal pair of FIG 3; [O0@tTluskloso2sr

i1l ustrat es; ey PaIGEr Aerh&S bn ELSHYE 51 b SirRgerial Qgkd)/ g}% 8 gh efb@RA! cadBector
performed on the differential signal pair of FIG 0016] FIG 7A and 7B

i |1 ust baitieg f grquad camebctige agteghio copract thegnpung r@&rmea 6 fzg eémaw@bdwes t est
si gnal ;A% fe %;’e gﬁ&%‘}e@ﬁc afs%b&{deélgé?ﬁ#a?'de\%b@“a' pair of FIG 3; [0017] FIG

8A is a pers I VE V nezzdani ne-styl e el ectrical connector;

[ 0018] FI G [(®B0] S FaGpEa&gHeas anomﬁeﬁmempmfofamlﬁmﬁ@mighanp@mrunrwecﬁﬁaan e
el ectrical connector having a header portion and a receptacle portion in
accor deMBEctar havinga gravedicraraction a@%@éﬂq taenpschibe roomgpiaenee ofafissty

per spe %@c% S ]y pair in accordance
W th agilgéngal |er$fi\§ﬁ?‘t 1%?&? e |E\1\fééfrai1t%iﬁgén m[)%)eggxg? E]E?téc@l (%%{Eg atop view of a

pl ural i ty o[OOﬂé}adEIGﬁdmiﬁbydpf&rermaﬂ sigagdgairdans elevirichl @amnestbothanigdevad t he
inventl [ 002 Jr‘PE‘F‘lG' 11 is.a pers tive yiew of a receptacle jnsert

nol ded0 T LW GCURR; anﬁdé%@Hﬁnﬁgﬁﬁ%W re{FreBeRR ﬁ’éh?leﬁﬂc%lh@"lce with

i nvent tlfé%vrodrﬁ%?e}e LGfaléond efchRB ¥dvgw. of a plurality of receptacle

assenbly “palrs iIn gccordance w th an enbodi nent of the invention; [0023]
FI G 13 |s E)Ofl@b FI@WW—C&HWdlﬁbmn‘aMmmeMcamsemsalcslzs;msﬁenhdgmﬁm rsin

accord h an _enbo t he |nv ntion; and[UUz4] f& . 14 is a
per spe@#f %@%Pa’%(’g%@é F‘Wi?ie%’(?ﬁ eche anea aer ana receptacle insert
nol ded | ead (ﬁﬁgr MRS, PRIustrABs &%%ﬁ@lﬂﬁ?erﬁbﬁ Rs@ts8FRQUL ﬁ?ﬁérf&fneﬁ%% the

i nvention. Al LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI S [0025] FIG 1
depi ct differendinbsipihad peirs of WIS 2peh3.iradpestivehial pair in an electrical connector

having a gr o e n ada ed t o conne reference of a
first elect ﬁ#’@gl gg&@% %SFﬁtef %alltgﬂhtg ret e gﬁsgﬁ@g a%?yag/gégﬁlialgg a}?t rical
devi ceperP@ﬁeH@ﬁI@éﬁjﬂerdﬁIﬂa g%ngﬁbQM@fEI@rﬂ nted circuit board 110 having a
differenti al ]gnal pair di sposed thereon. Differential signal pair 100

conpri ses t 918] gHYG. GhHlugtratss mttameawwltsawaguasloa@ﬁ/ateémlgm ag ground
pl ane l%ezr Aﬁ@g&’leuégff gglﬁ%&? 9{8 fb%l ane 120 extends from one end of the

si gnal palr ’and i s adapted to connect the
ground ref e[oon6psFod. Tveand B dlhm&dtefjﬁfer emle}@ leight itesatestRyig@sa 626tandhown) .

Gb/s test signal as performed on the differential signal pair of FIG. 3;

[0017] FIG. 8A is a perspective view of a typical mezzanine-style electrical connector;

[0018] FIG. 8B is a perspective view of an exemplary mezzanine-style electrical
connector having a header portion and a receptacle portion in accordance with an embodiment of
the invention;

[0019] FIG. 9 is a perspective view of a header insert molded lead assembly pair in
accordance with an embodiment of the invention;

[0020] FIG. 10 is a top view of a plurality of header assembly pairs in accordance with
an embodiment of the invention;

[0021] FIG. 11 is a perspective view of a receptacle insert molded lead assembly pair in
accordance with an embodiment of the invention;

[0022] FIG. 12 is a top view of a plurality of receptacle assembly pairs in accordance
with an embodiment of the invention;

[0023] FIG. 13 is a top view of another plurality of receptacle assembly pairs in

accordance with an embodiment of the invention; and



[ 0026] For description purposes, the board 110 may be divided into five
regions RL-R5. In the first region, R, respective SMA connectors 150 with
t hr eaded wounds263mnect ed thereto are attached to the respastise@srds of

the signal @aRkACkSGIOPA AREpEORR idher SVMPp&GAMNRE EQHnciel ne@tk @ Rice@h@e Used
to electrically connect a signal generator (not shown) to the signal pair

100 sudisertmaalded lgad dsserahlyi pair 18 jagerailansa witheandim kodimentrod thyhinv¢diosi gnal pai r
100. hi region R, the two signal contacts 105A and 105B are separated by a

di stan und plane 120. In
regi oni@]&&]{%ﬁgr our ]gl%f@ ﬁ@%ﬁﬁbg%w mai M%@fmg@%ﬁgggnal integrity of
t he si gnal I{IHES] NFIGHT Qeigbes an@ﬂﬁpl@@lﬁhdﬁf@mﬂt%&gﬁﬂ@aﬂ:ﬁﬁan eldofié] cdnnettbe

second_regi on, , the signal contacts 105A a 105B j o et her until
t hey ahéwa@a@r%é&owcaoa @é%pé%@ qopnect Hler%@w&e@enc@wé gi &%@%@%‘6@% 105A

and_ LOBAAne RAR HIORRCL 4% ShaR AbGrBudLiber BRtbAbmDATG, A 5hoRalinkant act
as such contdcts m e positioned relative to ong anothe

hi gh- deireuit b’oar&lﬂMhapE@d ddfeeaitial sighal pairri®06 tdiposdddh@8én. | Dlﬂfd?mtfad)mgmld paagi on,
R4, th I tacts, 105A 1058 til

s o S B SO U S i o BERG42058 3
separ atllﬁﬁtrgt%gaﬂfé agg&ﬁ{@gm&e M SRR R LAY BRloT tH 56 ADGir 1058 R&1105B @&mcggt

to the groun A so in region R5, respective SMA connectors

havi ng otlter,@ad wladmptwdtts coornttht gcbmlﬂeefetencarcrf nett-achaed favenddpadtilevieedds of
t he si acts 105A and 105B. The SMA connectors in region R5 are used
to el eg‘%%SE%WlP connect the signal contacts 105A and 105B to a si gnal

receiver ( n‘{nsoz%howa} dééaﬁbuéﬁﬁﬁw@e% th@ 8021 9ed MK e EVidbRldo Pas 8ibrs/IOREN
the signal pair . shown in 1, the ground plane is present in all

r egi ondn e ftrsnrogngh, 12 re{p@@ﬂ.?@] SMIA@mlaeqwns U890 mathebreadest mennts gouegieddheren of a

round rinted ci { board that ect the
o ound fi Sichat}o Sibrearial Fadhiol s PRB Patete P AREPH S L85 SPRN ST e O
el ectr iEA)s diilqu 7 us&i fo elé’ctﬁémmoanwt b Qigasl g‘dléﬁwrf(ndﬁ%ﬁbdn?ﬁbochb gighdlPad 100
differenti aI nal pair 20U thereon. Ditterenti a| nal pair_zuu conp p

ses twsueh T@ﬁf& di el signghcambe drivgn thrpygly e sigmel Bfﬁb i i region R, thedygect i ve

SMA connect o I f al
cont actenskonns 0343 B S; el o IRRREL ik BEBeB ockiitanlelh?
ground tcptl@rg@oﬁﬂQ)lan'Em@OgII@wgﬂomRme g&ﬁmd planb 1106 helpt edmamtdih ¢heddgradr regi on
on the printed circuit board 210 own, the ground plane 220 is

not adjizegHYy of Shershgnak pasig th@ﬁgléékggalﬁgﬁcﬁﬂQSé@G@ 199Bng their entire
B e L
si gnal tl@@rﬁraﬁdpara?&ﬂﬁr faddtadcOB2. o egiod RA, dressigrad tomact? POSA asd h@dB adj acent to
the si %rc])(s’j‘lltlor(l:e%nt%) %ﬁlgglatzeSaO(ﬁffgr%ntla 5p(guBr of Is{]gnglhcontacts as such contacts might be positioned
relative to one another in a high-density, high-speed electrical connector.
[0028] In the fourth region, R4, the signal contacts 105A and 105B jog apart until
separated by a distance L. In region R5, the two signal contacts 105A and 105B are separated by
a distance L, with both contacts 105A and 105B being adjacent to the ground plane 120. Also in
region R5, respective SMA connectors 150 having threaded mounts connected thereto are
attached to respective ends of the signal contacts 105A and 105B. The SMA connectors in
region R5 are used to electrically connect the signal contacts 105A and 105B to a signal receiver
(not shown) that receives the electrical signals passed through the signal pair 100. As shown in
FIG. 1, the ground plane is present in all regions R1 through RS.
[0029] FIG. 2 illustrates another configuration of a ground plane on a printed circuit

board that is adapted to connect the ground plane on one electrical device to the ground plane on

another electrical device. FIG. 2 shows a printed circuit board 210 having a differential signal
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manner, the |lack of a ground adjacent to signal contacts 250A and 250B
sinmul ates a high speed electrical connector that |acks a ground contact

adj acent wo 2dw2psmiir of signal contacts 250A and 250B. [p@®3RRo0A®26EDWN i N
FI G 29,8000 Bdrddhan f1BRAEL A2 RS CONOREISIFAMagnAlARRcRIASLLRAS .280A and
220B. RI this manner, though not adjacent to signal contacts 250A and 250B
i n regilbaugk3)ot shevy okl 2ptespectize Mk cembstont wary attachasior fest puspefehtathef t he

circuit bo 210, and i a o connect the ground references of
near - e %§ﬁﬁg%ﬁg%ﬁamﬁﬁﬁééﬁgégéﬁg@%ices. [0033] FIG 3 depicts a _
di f f erenti afjosiopnahe PahfcdRQuit Boad 220 e6ithing algreRiiNAsieor2ol Mete drourdgiigied of
any ground connection adapted to connect the ground reference of a first

el ect r 22@us ilusifatel agithhdarker igeion e theprtteheiscusfboard 3k nbhus, acthom@athedevi ce.

As shown, the differenti,al _si | . paj ) & Ad] ri jrecuit

board %mg i gmg g%é s %og § dfé \(/:v?f)rﬁstclg g%asllé:}1 %%n ng%? Ssis?fbﬁcgin)%ﬁgggﬁg %Egceﬁﬂ%eﬁgn%h{

si gnal cont pau33] 3504 cediahd PAARB A28 omprieabrt ipveicohA20ANZEIB, nd 230CWH h a

t hreaded nount connected thereto to, connect the_siqnal pai_r 300 between a
a

si gnal Peieas 324 aph320B ibaaeund alage & afipgentta dls signal capfects Rehand 2B pri nt ed
ci rcui : { : i IS t .ed as the
dar kerbggéfd’ogﬂa%#%pgﬁ@g%%dﬁ ?:Sllﬁ)égfijtg é%ﬁg%@%%%%%gta\séﬁoﬁn@ét deislé)rggl}{r% §| ane 320
conpr i gasnénvherlsdi airasgré@iifadimanBdGBmahconparts 2 580s ar3PPH BasichuB 268, hiphepagdound
pl ane i s adjacent the signal confacts 350A and, 350B. %%83;]? By (‘anga t

Wi th t BECEicAFnBFApEiady 2 I CoRiRst BaGsRT Y 1B PEF P& biepal pptabs 2P ang

t here h§%§p ground pl ane that connects ground portions 320A and 320B. That

is, as shown in FIG 3, the ground planes are severed at points 330,
t her eby el i §0033]i i showngn 61GAR, gooumd planspottivat 2206 hermntets ghemd @iane gadiogs ound

referen to far-end ground reference,, |l n other th nnect or
om0t 250 g pesf ERnien S io pgate: el truatrSoh ahd EC AT GRIR
any gr 4ntheGRRRRGIARID IDNEAR aloh§ e QuRticheharl 8166 cREuidbddra 240,8ha6d i cal
devi ce connected to the connector and the ground reference of a second

el ect r adgitedtiowdonrect drergrowmtirefasendee oteanend and fapgnd klsetricahdevieshnect or

depicted in .S, dev.oi d an round. t.acts.adj acent to fhe. signal
contacts. [0(5@53?] T ébe% g@?lftis @éﬂf%%ﬂ%%g]tgaéﬁsp age%quclflga e}e grha&o_nnﬁct%ﬁa Swer e
subj eclied@d 3f AyR8In®EorimRstich AdpRatetatinee: thbefduad réBrntespy alst electgicgiund
connection betweeéen the ground reference of one electrical device and the

gr ou nﬂ fip‘ﬁiflewéthéhe pouahsitrencestfacreronsaileciueal davieg.f £ slearn, e @lifflﬁmti?]i SE8hrity
ot her ¥ agb eyl 8y a 8RR IRphY I REL Epd S SonBl G S0 B

ot her rrcal connec at wa ny

gr ound 36 BN EGEH efiSofliginakedhtidie3 A0 it 3B lasaaspeetive $MeCtdrneatbr t&vwitk aand
the ground on a far-end el ectrical device was.tested to see et her ghe
connectleaded snemt cemested dheretayie aemicet e sigPyinald V0regkessfedgnal generator (not

| ow | ntsﬁchin%rﬁﬁ%esignal receiver (not shown). The printed circuit board 310 contains a ground plane
320, which is illustrated as the darker region on printed circuit board 310. As shown, the ground

plane 320 comprises two regions 320A and 320B. In portions 320A and 320B, the ground plane
is adjacent the signal contacts 350A and 350B.

[0034] By contrast with the differential signal pair 200 on printed circuit 210 of FIG. 2,
there is no ground plane that connects ground portions 320A and 320B. That is, as shown in
FIG. 3, the ground planes are severed at points 330, thereby eliminating any ground connection
that connects the near-end ground reference to the far-end ground reference. In other words, the
connector depicted in FIG. 3 is a high speed electrical connector that is devoid of any ground
connection between the ground reference of a first electrical device connected to the connector
and the ground reference of a second electrical device connected to the connector. Further, the

connector depicted in FIG. 3 is devoid of any ground contacts adjacent to the signal contacts.
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comuni cations. [0036] For testing purposes, a test signal was generated in
a signal generator (not shown) that was connected to the end of each of the
si gnal cowbaedem20351r egi on R of boards 110, 210 and 310rcAvusc@Bsmbeosecei ver

(not shown) [00ES] auma@tba&chpcdnmect@ﬁsf&pweaadnq»fIG§ 204l 3 weRtatiest ol MuRtHepBf RS
of boards 110, 210, and 310. A test signal was then driven through boards

110, 2tgs tadetennmetvhether dioreme siod Eram tqer@n@itlgnébmfe@n@;mumwé@rvm Otfhe

genera f eda

per o aogeiSe AP dellch dal incilr e fAce oB aRun i WBALERRE L ERERRL S, | .
i npedanteritesf s hivhrPeedsighi tp@ﬂ;lﬂgothﬁﬁltgﬁ g digferdnebNgsnal Peirr BI&Mad wedsa
contlngggs gro nd fronlthe near end of the connector to the far end of the

co ][1 ?ec §“é¥19a &PRaectes dhat jeas dgyid gk aly groped conpsctons hetreeandhe gipand ous I
i 1. o0 ot ARAERAGE ab{iEd ad B et Dublt AUPBE AR d0GicUd SR e 2 77

t he grwhh&emheeoﬁmeccmrlvm‘stsuﬂable foglipedanogrcontelied Axigh-spéddiyw-irtthifereiddea poi nt s

depict the |ngedance of the signal pair as the signal noves sequentially
t hr ougFPPEYNGALOTRI - R5 of the tested boards. [0038] FI G 4A shows the

di fferenti a[;sas@ge@ap&euﬁgfgﬁsrg&%§%§t s?ﬁlap@ﬁigéﬂégﬂ%f) a@' £ &5189@1 gl signal

pairs of FI , ect’i vel fer ance,
i | ust slatvey) tldt orag comeeciedds itte, endax eadasiithe sighal cohtasts i re@on Rll Ioﬂbibz{rdﬂ €1, al ong

the x-Aaxi Idt20 d The diff tial .
| moennailaa A & ity M RoPhby e het P dRa P bane Ste L e e ent od
by t herdgidiﬁzslepbéd@dgrmm&laﬁd 346 AlBe stinhf REEMEA Blive afcﬁ%tlorﬁ%ll' ts

for the differential signal pair 300 is represented by the Ilne 410. Tt is
cl ear wvhil toaletesminervelagihar she Hgnal metmrﬁﬁeﬁvﬁ@t@rgenaiat@h sigral withouts 200 and
300 are_subst ntlaIIy the sane. In fact, fromviewing the test results when
t he te%lgmgll 8]42 passed t hrough R3 on board 310 (i. e. the board or

el ectrical pwsnpCl@pedinyd Rets RRr&HIRRRIH OR tRERAMTANE ot ?!ah@éi@f PIGst P8nd 3.
el ectrical devices), the greatest deviation fromthe controlled i npedance

of 100 SpasiicallsimnsdanteyestOgers condustet to@@temmm Whﬁtthfs’ rﬁmﬂe@layel effrpeantinnousd
t hat t
a ﬁfﬁoﬁ‘ﬁh& ggar e%%?% %nﬁéctcgyt [&p 61!1 g Fg’ﬁ ﬁﬁxéer%egy ?ﬁ’%ct%d[ tél& ncal

desplt unaconnec I on I’TB. connec e

devi c eﬁnlﬁdmh ECIGE oL A Qe 1l stediély ar crig el fifkg ein tysil ﬁ1hpédah&l£tebtﬁ€$iﬂﬁs ray¥ pSitfaumetalr h the
deviatign of 1Q0% _[0040]_In accordance with anot her aspect of the present

i nvent ‘ihéﬁ?renilﬁleﬂﬂilql paireof Flbs. 7 Apsbéatebowt bepapisrigiedithayas thebe peiytsie the
o U5t T i AR L 0B P s o
t he di ﬁlfee@atpm assthepighalpadves Bmueh’ﬂaltyjﬁrcmghzegioﬁmmioﬂthl@te@t@d%Uﬁﬁﬁ.' S
specific apf.) 0|3§]at H)(I_‘: 4%] cLows é];ﬂf ?etnltlg mEpOerdance test results as performed on the

differential signal pairs of FIGs. 2 and 3, respectively. As shown, differential impedance,

illustrated along the y-axis, was measured in ohms. Time, illustrated along the x-axis, was

scaled to 200-ps divisions.

[0039] The differential impedance test results for the differential signal pair 200 is
represented by the line 400 in graph FIG. 4A. The differential impedance test results for the
differential signal pair 300 is represented by the line 410. It is clear that the test results for the
two differential signal pairs 200 and 300 are substantially the same. In fact, from viewing the
test results when the test signal passed through R3 on board 310 (i.e. the board or electrical
connector having no connection between the grounds on the electrical devices), the greatest
deviation from the controlled impedance of 100 ohms was roughly 109.5 ohms at point A. It
should be appreciated that in FIG. 4A the impedance of differential signal pair 300, despite



t he connector. Additionally, the inpedance of the differential signal pair
may al so be adjusted by noving the signal traces closer together or farther
apart. Theodiesaosse bet ween the signal traces and the resuhustovgopsuprdance

may be i fufigihzeth EnSetdn BaCORSLHES (hS ]gﬁ%ﬁ& bl e RRRIAAILALL: ARG hed 10 the
specification for the connector. [0041] FIG 4B illustrates the neasured

i mpedaheddofenginetiayighin it indisyvatandaid-dezionof €0%i nt r oduci ng vari ous degr ees

of skew. Specifical | kews .of 020 ps re introduced and t. i mpedance
of differ enﬁfd <':1!’Iij s%ﬁ%ﬁor%_ F%ﬁ%@nﬁgr ?P@S%t\&félﬁe %{Fseéggwev%%ﬁh%%l AR dduced
skew. impddaate offthe BiguilgM BP0t Beashust@Shy & ilewhging H8ods 88 thedifbRhtiNAReH
t hrough R3 on board 210 (i.e. the board or electrical connector having no

gr oundPal] GeBisEveHln He widihedi thesiergl tragereang tharesulting awpedanon obthe diféerential

cont r ol j . 110 o .at _point.A. It should
be app%lgggftaggﬁ%ﬁg%c&as r%%gcpttoi%ﬂggh%ﬂg%s{lhﬁp&gg%@é‘}coaﬁ’pggﬁp&a@ﬁtspﬁqlﬁ%ﬁuﬂﬂé?r pai r
200 r etheicoaneotért MAdditidrallynile shpedastastdns difthestitial éi?ﬁbl@)fairl@%ﬂ alf judddc 4C
illustrates. the neasured inpedance of differential signal pair 300 after
intr odfﬂf meynens sigaaldesreeesetosstissor Byiber Magta Thy digmwedotiecn-thosigralwer e

i ntrod i ' ' [ Lk, 300..mwas freasur ed
ek O e e SR S Bony s R TR <
when t el spesificstigmbnr thwamnpessred t hr ough R3 on board 310 (i.e., the board or

| ectrical i d ti bet th d th
ol cotri cal GEORECEIS. MRiltat edircisned Bbrepes ph tesnircr sualbnBetale of
100 ohgBrowRsing OMEbsYdetRBs QfHE%}N?éSlpgaﬁEﬁ}ﬁské&s ?%22'&) Es %{?81835&%68%1?@“ t}{eh at at

all times the inpedance of di ntial” signal pal renmal ne hin the
i ndust igypesangecfidifferentizlsignal mir 2000 ag 106481ed By eahiriped iof anrodicddekem! Gh Sact,

i ded in FI 4B 4C, i _be_ under st hat i t hout
O oundEBHRErE e EoAatE s b T SRS rLTERED T hbod o e e ieckasrd 2al
devi ceomélédiriéN ot NatiBh ab eRsMAM Rediad 1R\Gerl 51 e : &Y h%am}d‘&fthe

differential inpedance between the connectors that for e signal pair
r emai neantiglledimpetesepeleld O ohassvasyovgdnd &0 dems pOBrn] A FItGhogldibelappteriateds

o1 gna) (LA GRRHE 1R daneof ek FR bR B AT eRaliRd wifhid B dniisam s ol -
i nser t itomlatdasvidtRatonesyl ts for differential signal pair 200 are

represented by the line 500. The differentialinsertion |oss test results
tor dittereclfOfAl ElGi illysirgtes e areasyredinapasaneeoijffenentdalisignel pain30q afters

I i : iff ial _si I i 00 d
500 o DHUARE Vi BRI SALR! ShAARRIR, S UrTR0 B whedBfp b ade fe° "
r epr esietfedandeefdofiférentadl sighalqhir30%vads thdisuRdveéach sy BLmtloBided sREW UL 3t

roughl% 10.Chz for both differential sjgnal pair 200 and for differential
si gnal ffom viewing the test results when the test signal was passed through R3 on board 310 (i.e., the

board or electrical connector having no ground connection between the grounds on the electrical
devices), the greatest deviation of the controlled impedance of 100 ohms was roughly 108 ohms

at point A. It should be appreciated that at all times the impedance of differential signal pair 300
remained within the industry standard deviation of 10%.

[0043] By comparison of the plots provided in FIGS. 4B and 4C, it may be understood
that, even without any ground connection connecting the ground reference of a near-end
electrical device with the ground reference of a far-end electrical device, the differential
impedance between the connectors that form the signal pair remained within accepted industry
standards.

[0044] FIG. 5 illustrates differential insertion loss test results as performed on the
differential signal pair of FIGs. 2 and 3, respectively. As shown, the differential insertion loss

test results for differential signal pair 200 are represented by the line 500. The differential
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pair 300. [0045] FIGs. 6A and 6B show the results of the eye pattern
testing perforned on the differential pair 300 of FIG 3. Eye pattern
testi ng iwouseh20331measure signal integrity as a result poffi/usasisop@sTauses

of si gpaldeWRdak Qs R laHeirBthal EQhagsaRQre fopldsfitd B ind 1@ All G Cr oss
talk, loss, attenuation, and jitter. Specifically, in eye pattern testing,

sequentlea thaidbatest wanles F thedive dafferesteat signhlrmpirg 308 and 36@ afesybgantpdlyAhd r om a

were. SERS HFBURCHE S AmamoeREncrE iy fardu: STOHEDIOR o G RY °3
per f eChedn1BASHIHS AP0l 14 ONRE fM Bt MFFck Q%8 sighdl Pak 006 M@ torsdi GerehtiMisignaloe

an exact replica of the transmitted square wave. However, because loss is
i nevi t adof 800.] oss causes the square wave to norph into an inmage that is

The cor ner s WRST nd 16 34 SE0EE i RGN RUB DA A rh S b PR B2,

[ 0046] differditialBaiPB0G oL@ 3.1 Byepitichy tesingisgned tohasashel digial imégdy bt y rasltt he
eye pattern becomes wi der and taller. As the signal suffers fromloss or

at t enuaf vasious cases ef siged degradajion isluding, foy exavenlsredediony fadtatiopscresidalki gnal
suffer r jJite e t I 4 j f the
ove. be st ieh iqeTHES St oS ORR plrhf Etine, B Il ERAIAY S gt

bui | di Bg sent@ughni ttdnemissiorpathrfref atth@smiter tohe resikerrey theprese chsngl e
having its four corners tangent to the created eye pattern, The di si ons
of t hesemSRtIahaguare Bi3vesewerssen thgoagh thy Sé%{aﬁv%t%fés ¢fRoagdsgd 21%@8@3?@% t he
transnj L gnal: i 1 ting
was. pop s ahaifhion b e i by 1S} HELECL L nial witibe S RIGAFLR LY '3

wi t h i nhnscitted sgqimkewand. Hopsver,bepsysedogess inbvifeble, Bogg sauskd thessquae e t60 ps,
and | OQps.. Prior . to testing, it S believed that by renpvi .t he

Cont | nEGEEN G FhimaRedhil gf FHATe oA TR 5o lTe SB0erB PSP HIAh SpRed
connecikgLd; {Hat bife YRlatOREvd 566IS rOindsk 8 Wb ikcPa £iSitanglcgnal  of

6. 25 (gﬁé()lﬁ?ﬁ%’ J?hlé%sCtEJ)P%lﬁ"gﬁég):jﬂg?/e(i}h{f(;lattern vvoulé be unaccept f’;lb| egztnacrilgs?uch si gnal
transmi ssi of00ehf iy taras obsignal Sutiegratyl @ sifgoal has better imtegiitytas eyt naktent ri cal

. As sh in FIL.G,_, 6A h t {.. I ts,. . i d d
commer BFe HRBIBEABIE PobeaEnatRIEs BoPLlest e hpeitreasi feEfied | n
FIG 6B &% %eé@ﬁés?éhﬂrtéﬁ ijéd UALE) si%ﬁ&l et sTR Gittef cabBedIonr %X:ﬂﬂ%k'b@ sdewf@eenti al
pS,

signal pai'r 300 of FIG wi th introduced skew of 0 ps 4 ps, 6 ps, 8

ps, 10hpszoned width afitte &G hesomey less: Fhe height ngwidth ofithe dyeimankeomedsarediby

Cpocd Bonieg s SRR bt o ch Rl Rl pE LSRR e R o Beriel ' 02

Oi | Utdabbitto MR drefted éyalhtieie TatdigensivaddhdRaskinay dphaelcalaaktkdidch signal
transm ssion configuration unsuitable for use in a high speed electrical
connec telerming thehspgnal iegrity of the transmitted signal.

[0047] As illustrated in FIG. 6A, eye pattern testing was performed at 6.25 Gb/s on the
differential signal pair 300 of FIG. 3 with introduced skew of O ps, 2 ps, 4 ps, 6 ps, 8 ps, 10 ps,
20 ps, 50 ps, and 100ps. Prior to testing, it was believed that by removing the continuous ground
from printed circuit board 120 (or a high speed connector) and introducing various levels of
skew with a test signal of 6.25 Gb/s, the resulting eye pattern would be unacceptable and such
signal transmission configuration unsuitable for use in a high speed electrical connector. As
shown in FIG. 6A, the eye pattern test results are considered commercially acceptable for certain
applications.

[0048] As illustrated in FIG. 6B, eye p‘attem testing was performed at 10 Gb/s on the
differential signal pair 300 of FIG. 3 with introduced skew of 0 ps, 2 ps, 4 ps, 6 ps, 8 ps, 10 ps,
20 ps, and 50 ps. Prior to testing, it was believed that by removing the continuous ground from

printed circuit board 120 (or a high speed connector) and introducing various levels of skew with
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FIG 6B, the eye pattern test results are considered commercially
acceptable for certain applications. [0049] FIGs. 7A and 7B are tabl es that
quant i t atwoebys/ebazw the results of the eye pattern testipog/ussooseedosT med on
di f f er endst @bnaicgnalumaithe AR pARSHOUS 1 'u?n sUlSERLS  fjr om si gnal
pair 300 when test signals of ggépr/s an e g&;eg%r%qugglsggnl
t her et HR@sgRsion cenfigurationdeseitalsipd uwnmdagmspaag eleb&lcﬁbédrﬂl@dﬁbla' AgkRasinon of

t he ma he e att As sho FIG 7A, when 200ps of skew was
intr odgté% rpfitteﬁlaﬁ“e? r%%]étsé’fe%’ \é‘\g r@ﬁ/‘:gmnf@ﬁ‘éa ©aGepliahlg P ¢r@im coul d not
be rreaspiﬂﬁdnoﬂsn other words, too nmuch skew rendered the eye pattern

unr eadabl e. Al so, when | s and 200ps of skew was introduced in signal
pai r 300 at [0fg%nFiGs. (Teands R breitahjeq thet anantiativelyshow ble medswfels beqauss of

too mug %%% 7B, sho e ht taken at 40% of the unit
inter vaFt eéi{og?‘g%lé pfg%r?m@bﬁgﬁ’%ﬁlrpggt iegﬁ}hﬁé OWJI%erQ%ea@HF@eBWJTOP@ o/ s
ver e psigis gatr 360 ethen oesy bignds oS HOMIGH/N dﬂ'l@GlZ/B éf@

introduced .in pair 300 at 6.25 (b/s, atlhe eye Pi)vel g %Sgﬁ%@ﬁt%gﬁcouﬁ not be

meas ur SUCTHERG Bemepsuripg the kerizorishdinmnsion ofhermaskip sheagya 266ms Af shelvavih was

i Nt r odpee [ hei not. be neasuyred
because o? Ai g%ﬁﬁ&gﬂp%o%es%éw%% &%%@%BSE% c%Bqu? Q(S é)%&@éﬁ theg gl ates yl e
connectoutd w&yemlrbajsuredt Imbdhler hercﬁpmb eQichtskely réialered tHB &AM M GRBAEHIOT 1S a
hi gh- dﬁgy t%%mt éﬂ(g 8@%5 «%c]t( used for%{)}ar all el connection of one

el ect ri* €& W A SXQF ias Bdrodpeediintsigrebpair 3QMatdfdtinerthetesuliing c al
devi Cqme‘fu@dﬂd%t%%Eﬁfreﬁéc%&%f% @E&lﬁ%@sﬁrd or the |like. The mezzanine

connector assenbly 800 | ustrate 8A conprises a receptacle 810
and header [89%0] [EKIEZB slhnwlshheseymim@t taken a4 086 O tHealnitdahae of Y signal pair

el ectrygal.l C t| on 810 via apertures 812. Anot her
ol ot R teh PR \f%;??érzg Gk 85 e %erﬁmﬁe%&mhr%yght A@rshMm/FI&} R, |
cont aciiien Z00RS SAUENt s B8R GRARE sRO5 2CBR00RN. FEREPLAGke  BOIkLD 810

of connector 800 are el ectrical mat e e tiwo e
are cd}@ﬁwﬁ@r@dfo@cauﬁ@oﬁ@ad@mchmdwr edey wdeh & 08y seardl %)Opﬁbﬁﬂd‘ew wad 1hi>fod1’(ﬁ:%§% VI a

ot oaet SORITTERTY p S atighhiong avtbbgae%‘%ﬁreeéhéiﬁﬁﬁ%ﬁﬁtoﬂq%a%%ﬁ {hou

departing flom]tleCiDBAQIprJt%ty@fcaIﬁ@zz%ﬁé%Wle b&iﬂ’e%w e 51%1'?@86“ acl e
810 may include a receptacle housing 810A and a plura receptacle

gr oun @gprgglftegrthzg AJBeFZaRisa fennehtor e hightdensityf stacﬂtmgrcemamtaoised fexysaidiigl 810A,
G A N TR RN A
r eceptsedi s dnothet pgnt8d OAcENBodrd6r @ AUE! The mezzanine connector assembly 800
illustrated in FIG. 8A comprises a receptacle 810 and header 820.
[0052] In this manner, an electrical device may electrically mate with receptacle portion
810 via apertures 812. Another electrical device may electrically mate with header portion 820
via ball contacts. Consequently, once header portion 820 and receptacle portion 810 of
connector 800 are elecirically mated, the two electrical devices that are connected to the header
and receptacle are also electrically mated via mezzanine connector 800. It should be appreciated
that the electrical devices can mate with the connector 800 in any number of ways without
departing from the principles of the present invention.
[0053] Receptacle 810 may include a receptacle housing 810A and a plurality of
receptacle grounds 811 arranged around the perimeter of the receptacle housing 810A, and
header 820 may include a header housing 820A and a plurality of header grounds 821 arranged
around the perimeter of the header housing 820A. The receptacle housing 810A and the header

housing 820A may be made of any commercially suitable insulating material. The header
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housi ng 820A nmay be nade of any comercially suitable insulating material.
The headergrounds 821 and the receptacle grounds 8 11 serve to connect the
ground releremoossi an el ectrical device that is connectret/useooshesoseader

820 to grivendgROLIBAL fRfrespnee: d%t)u@das gl %g&eit&éémg@%ﬁgg%\g@&?ﬁe Cg%‘ﬂ%}ct ed to

the receptacle 810. The header 820 al so contains
i ndi vi FlREPTGH fanes that is gomegtedgatifedreaddr820 ty jheamourdhefaranepiras kR cBiLal

t ai ] 1000., [,0054 t t 810 t ai
con o e Baplac ey 000 00T SR P el o 10t ot o

found imdividasliraBAOd inThES. &lA &7 TR )R $he320- | SHER 2 serve
to al Im%ﬂ?‘-t) he header 820 and the re}(’:)ept acl e 810 dgirdl ng na%?eﬁgp%‘g%rﬁlﬁﬁ , the

align pi ns 820 and al i gnnent sockets 852 serve to reduce any | ateral

t th t der 820 gnd ptacle 810 t ed.
% shoul d b8 aaby Aoy ot ecte PRELE ST BRE cqulfi f5neishioRe SEicaRgamer paorision

820 anthatewithrhgimencotiensBl0Buidn ades2d. Wit RAMmMERRAL S0
t he i nventj on. 055] FIG 8B ils ag‘%leirsggézgtgi ve \(/Iiaie%%l%gﬁan

i nci pl f 0
01 cotr GRS AABR0T S5a7 e Bordraned cud e resepisnotiObnb catatbe Furthanticon.  As
hown, ' 910 and g head
ort on 890 e o ant drglfihr UE LA IR B i P o Lo ter v Balsan

header 0620 onegythi heddgt 82Qainbredeptadio 850 ng 19RO Tt Siduilk Be gﬁe&%&%@%ﬁ% s
depi ct%jl in FIG 8A,. the cor.meé:t or 900 de[)i cted in FI 8B nay be devord of

header g}fslo%ffrfagm%g yader sS4t andseseptasiegioron 8 Hemap Adesedhoiisoutg 920A and

of receganalcrdh &ﬁlémgiﬁe : the perineter of the receptacle
housi ng 910A %005 An el ectrical dévice may electrically nate with the

recept acl e 1953k oRIQBB isiapeagpectiverdew 91 2n clonmichiesonab@6t i BadrdsiRtivia, JBY

el ectrj . te Wth the header portion 920 via ball contacts, for
exanpl éé‘ﬁﬁééé%l?gg’ﬁ?ﬁ nyentian,. ﬁ%@%& SPRRSSIPT §98 maychave aapreatacls gootian di9 910

of conmgict lwad @QdraceI B, ERédeh Gl I y evices are
electrjcall ; &ngtbed vi a conr?g%? igrgﬁg%ﬁﬁ%lugﬂgﬂ%gﬁggeg%%@elgigg(%‘gﬁmh ﬁ%a?elf he

el ect ridanagiudes header hausngPL0A t Helikotheeotmrct@G00idepiatyl iNFIGEIA Ghe WaY'S

W t ho 1 m_t inci,pl es aof the present invention. [0057] The
heade?gogggoqgl{%dgr}%l%{r?@% lﬁsﬁiﬁeggé?ayi %@0@%@@% Sqwds prrgnged vequad ti[m FIG 8B

for clprinteygr oftick Ha@ertRueiRbACDAR A Of £RBH @48 1000, 1t will
be appreciated that the regept acl e gloe%nd %recg@gg%%gegﬁ g%}rlrea Sty

oper atqf\ﬂéf_f ’S?C%?‘ﬁ%%h‘?usﬁl’rﬁé]r%ept acl e and header | MAs. For exanple, and in
Cecept acl e Bre ey SR ENEM Rt PH ST BB " fiube weodpediemering e t ne
headerapea@es 12.t Ansthemsiewrical device Ha @nswrRaly Hive REL AMARLEY JoRiGl 61 Qal 1
I nter fb%fl%gl(l:t%ctfs,l ftor \clagi(e;[nrllpl(e:.o oksigﬁgtl%{ gnce header portion 920 and receptacle portion 9
portion 910 of
connector 900 are electrically mated, the two electrical devices are electrically mated via
connector 900. It should be appreciated that the electrical devices can mate with the connector
900 in any number of ways without departing from the principles of the present invention.
[0057] The header 920 also contains header IMLAs (not individually labeled in FIG.
8B for clarity) and the receptacle 910 contains receptacle IMLAs 1000. Tt will be appreciated
that the receptacle 910 and header 920 can be mated to operatively connect the receptacle and
header IMLAs. For example, and in one embodiment of the invention, protrusions 922 in the
corners of receptacle 910 may aid the connection between the receptacle 910 and the header 920.
In this manner, protrusions 922 may be adapted to create in interference fit with complementary
recesses 925 in the header portion 920 of the connector 900. It should be appreciated that
numerous ways to connect the header portion 920 and receptacle portion 910 may be used

without departing from the principles of the invention.
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recesses 925 in the header portion 920 of the connector 900. It should be
appreci ated that nunmerous ways to connect the header portion 920 and
r ecept aclwopoesd20351910 nay be used without departing fr eartuseoosnrévst pl es of

the inventi Qiuds)j 1hAc@REMABNRLoNM bR LBk Rf gL e [ nvention, the
connector 900 is devoid of any gr ound coehng??%c}ﬁga{[ﬁgtth&gﬂ%&m?h@lsheader
por t i 0deYRd of enyt greuné cenpteaions tharoimmst Gibteadar pottich IHNBEKs rebfRadlEFEBbAC! ©

910 h 910 of the high d tor is devoid of d
that netba At g e Beabifige D18 Bnd e Beaf? 316 B She nisteumors commediorSdsvord
connecbéany gothetHeWaeRIRInt® tHd oA AR #hense 19k a1 ﬁ%‘&ge”d el ?etggﬁ rical

devi ce connected to the connector. That is, the electrica 0?1%518 %900 is
devoi dthsrconseterte trrisiebnt efercaresofiarrgeond) dertrical dbvive camigeret té e cofifishs.

refere ele L cal,devi.ces.electrically connected to the

recept g@ Flés’gfcl)? %lllégtﬁ%llc%%‘%cg&t%og ih 499 oL gTRR "2%‘“8?“9’96 mied elestricalfp conmect
shoul dtheegrappiethraicesof thb@l@frivdngevick el tri ices may
be ref g{e(igdcvéo as_t heo.near -end and far -egﬁ%gg}r, gﬁnﬁfgbﬁf@éﬁ]g{é.%fc@?ﬁbﬁ%ﬁl 9is

a pers nd f8e Deader gertionifed @ eonnssier P0GroAs slibuld bel amsaatotythpgiounthat may be

used i i 0 r i.n_aceordance.with an, e di rent of the
vent el B AReRG A A mh M RERISTD S5 gt i SR s e planess, A
1010 and a_ i#8adler FIGL9NSA ptotivoMidy bt 4 8fice QR nitecAaPYSLIRY ol guSi O
101 1 and,a E%\r}laleaﬁ%gf header contacts 1030, and header | M.A

conpr i PEEDSH WFeh SOEISRtYT ¥bZeroriaaceWER ph embodintrah dEthe hiorehtion.Snl 030.

As canrlge 9s I : gﬁggﬁ 0 e recessed into the
housi ngs of &%glgg%brr%ﬁmig?@ an %igggéﬁfwls‘%b%ﬂg?généﬁﬁ?%@?ﬁw; Bhat
header 10200 AVt A 100G ompyisesomt @iermoldbd hoisiizad 010 A A Hcd\bialld ShQAHAd

cont acf{s,0r  £ON ew tai ned therein. [0060] | MA housing 101 1 and
1021 may al'So elaﬁ%rl }f@ﬁg@nﬁﬁﬁ@‘i‘@%dd%ﬁ@mi%ﬂ antigE@rinngf lkadersed t o
secur edoyitae e ot AEVh i i der portion 820 of
mezzani ne connect or %%?%hgﬁgulﬁﬂ%@gﬁﬁ%%ﬁ ledé%%ﬁ%fecgﬁﬁa H’g‘?ﬂ’& OypIngs
secur i Hgieadss IlAAsA Q8iand B 1020ndt shealiidre pfecimad thet IsmnbometA phRQ68d nfil G 10
is at I lurality of header assenbly pairs in accordance wWith an
errt)odic(rer)liahha¥Ii %ﬂyg {%&l %&gaﬁfsl ‘Xlrlil?{ll? ATEPEscontacts gr enpegiiqnscopipined efeeinsi gnal pairs
1100 are sHo60 A fhoGsth L [ r.e.alhi i nsiX
col ums 8r narrgmggg in si xg?l?lrllé&;?l gjr??gl%ya:ﬁ(g@auﬁgé&ale%igﬂ%gi(gygili%da nd
1170. 1090 snghediseioasprmstyi eomaect IMALA hausinghkdin aadd 02 hihedeniedbiTers opf t he

i | : i i ) i d d t st d i
ol at ro2enibOCriEUPR0G" FIRWRR hioriial Ya? Apretiodtogsecmiag e Lbgers bed
above to thechehda @20 nesserdmplopied not contain any ground contacts. [0062]

FIG 11 is &Op?rsi:pecti ve view of a receptacle insert nolded | ead assenbly
pair in [0061 1G. 10 is a top view of a plurality of header assembly pairs in accordance with

an embodiment of the invention. In FIG. 10, a plurality of header signal pairs 1100 are shown.
Specifically, the header signal pairs are aligned in six columns or arranged in six linear arrays
1120, 1130, 1140, 1150, 1160 and 1170. It should be appreciated that, as shown and in one
embodiment of the invention, the header signal pairs are aligned and not staggered in relation to
one another. It should also be appreciated that, as described above, the header assembly need not
contain any ground contacts.

[0062] FIG. 11 is a perspective view of a receptacle insert molded lead assembly pair in
accordance with an embodiment of the invention. Receptacle IMLA pair 1200 comprises |
receptacle IMLA 1210 and receptacle IMLA 1220. Receptacle IMLA 1210 comprises an
overmolded housing 1211 and a series of receptacle contacts 123 0, and a receptacle IMLA 1220
comprises an overmolded housing 1221 and a series of receptacle contacts 1240, As can be seen

in FIG. 11, the receptacle contacts 1240, 1230 are recessed into the housings of receptacle
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accordance with an enbodi nent of the invention. Receptacle EVILA pair 1200
conprises receptacle BVILA 1210 and receptacle EVILA 1220. Receptacle BVILA
1210 conpwo2ess/@mssever mol ded housing 1211 and a series eCTnSec@shambe

cont actisiI1230 1 0and 1226 epeptiag! SpR¥iatA tﬁ%%@bﬁc%%ﬂe%@%ﬁgﬁgseﬁé’ﬁ“ | ded housi ng

1221 and a series of receptacle contacts 12 seen TG M1,
t he receph pwtien ebihedilsA 121D 1220 80bagis=drecepsedelyntin atdved4ios siithgme of

recept el,M. 10 _and 1220. It wil] be a eci ated_that fabrication

t echni E]%ié{ét)é) dB’é‘?iAfW% gjteﬁtéveing%éﬁ%Eecﬁﬂtaggm%ml\pgipod?lai’tf?éiqvmdﬁpfﬁﬂ@,m@@0 to be
si zed venpacier eci sely. In accordance with one enbodi nent of the invention,
the receptacle | M.A pair 1200 naybe devoid of any ground contacts. [0063]

| MLA housi nd0a681 1IMHptyhowsing pM anidsl@2i medyudiee iaclude g hetchetdaiil 11576 Latdlrtchied

i1 | | houysing 121 1 and 1221 i
Fecept dar LTS RSt G Rt B SR T AT Sing rf afif 430 Phasicnsici abetion Ak oy
met hod cofines@e@00NY shbeld bilappieaiated that ahf endlRRUSTscOR Mo TRY MA%SQ%% [0064]

an

FIG 12 is a top view of a receptacle assenbly in accordance wt
enbodi BE#ter 920 pias besydlasiedn. In FIG 12, a plurality of receptacle signal

[ 1300 h : - ' i [ | _.contacts 1301
nd 1302, Sho [ 2 1P RAAED BT o PRt PIRL RERaSH8RE oM Gnod in six

col umsmbodiarenanibd invention In Fiean 2 s playsitl 2@cept@dPsigladHirs 136t are 1BGH,.and
1370. kt& shoqI]:I d.b precjated that, as_shown and in one enbodi nent of the
i nvent FAERCPIRIYEPFE coEpnaises §jgpal cpntasts 130band 13Re Srasidicalty, thu regepdacdel i n

| ati g ] .eciated th i bed
Cbove. “EhahaR 2009k Mincd f OO GO bR B BB Bl R0 F BT g
conneci3%hd 36) ab570AIlsshoakd shappoediatedfhat, ad Bhovithgnddinfdne e@iboliher® bomal pairs

are edﬁte coupl.ed. |n other words, é&)ihe edge 130 I A of one contact 1301 is
adj acefitveREoT e Teerpiacispenal ppirs areligacdand nob sipasered suRtiordyencowiiarng al so
al | owssfed s188bé Sppredmediith Ns dReL e AL thus
facilitates the grf:pﬁi evgrrent’ of desi rg%(fuey’ %%glg%%eﬁggé%ﬁﬁo@}gf’%qn%? ?Ibtﬁm@%}?ﬁ act
densi t grozod sewteds or giothdoennehigonseed for contacts that are too small to

erf orm ade I Ed coupli al.so,.facilitates c¢hangi ng contact w dth,
gnd t her ef Oﬁ}eb%ggp%ooats%ﬁoxgg IIFEL@'%%%@@E&@@%&W %ﬁd‘ﬁgﬁ% coEplefcIr egi ons,
cont acbtheegbmBsthe 88& 1100A66 onbeofRVIBON Bs KljEend @ thi Pﬁgéji ﬁzghan ntQﬁLanlitst ance

separates the differential signal pairs relatively larger
d, bet RBictd BR2R.WEdgp gerlingairoadiows ioramaliek gapupidthshdtWesreatjaceht ®nge@brspai r .

T R T N A N
connectors without the need for contacts that are too small to perform adequately. Edge coupling
also facilitates changing contact width, and therefore gap width, as the contact extends through
dielectric regions, contact regions, efc.

[0066] As shown in FIG. 12, the distance D that separates the differential signal pairs
relatively larger than the distance d, between the two signal contacts that make up a differential
signal pair. Such relatively larger distance contributes to the decrease in the cross talk that may
occur between the adjacent signal pairs.

[0067] FIG. 13 is a top view of another receptacle assembly in accordance with an
embodiment of the invention. In FIG. 13, a plurality of receptacle signal pairs 1400 are shown.
Receptacle signal pairs 1400 comprise signal contacts 1401 and 1402. As shown, the conductors
in the receptacle portion are signal carrying conductors with no ground contacts present in the
connector. Furthermore, signal pairs 1400 are broad-side coupled, i.e. where the broad side
1401A of one contact 1401 is adjacent to the broad side 1402A of an adjacent contact 1402

within the same pair 1400. The receptacle signal pairs 1400 are aligned in twelve columns or
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[0067] FIG 13 is a top view of another receptacle assenbly in accordance
with an enbodi nent of the invention. In FIG 13, a plurality of receptacle
si gnal pavo0d#R035ar e shown. Receptacl e signal pairs 14@QTasomsios®ssi gnal

cont actsral dinandi 4 ahsyS haunas theERRIIES AF 942 0al DRI IERIAR & POrtion

are signal _carrgi ng conductors with no ground contacts prese
connec tapprecRiadithalramy membsi efrrataypaiayde1s0d are broad-si de coupled, i.e.

wh the b i 1401A,.0f tact 1401 j.s adj t to the broad

onoeS Laoon JDOESHEong ERBOuRlerD RS BEARD i Al diS a3 SRl prasebbin thhe.

r ecept @6h@sciirgSakeiRedllys arléi@@ieﬁ’é’c&i@i4%ﬁohﬂdstd’iﬁ%féﬁtiﬁl%§ gﬁsl'gai%r%@b%ﬁg? in
an 430.

iweive |inear arrays, sucn as, tor exanple, 1410, 1 shoul d
be applbetyesnadiscedsigaalpaingntleshad be apnyeciatad thes as skalvn pADEBInelembodanent

enbodi . ] j ion,.an ai.r dielectric 1450 is present in the
con nec{gglrme lg{ﬁeentél:aﬁi 1.‘(1:15}‘?%3{) 1!a(glrei SIENAL RS e %lﬁn@ fﬁ‘% BOts%‘?ggS{ﬁqu IrEEloE al
si gnal apathers 1400 and is between adjacent signal pairs. It should be

appreci ated that, as shown and in one enbodi nent of the invention, the
receptacl e $¢FAI BG: Hisgyrersperdvredewnd ahsedes pad treeptdcle AMIA pairon to one

anot he el i ivervi f header, and r cle
VLA pascorfeg il i ensbaldiodd o TRFERLNC HY Y ), ShRiR B R RRRRLA T,
header paindrerie@pptatiet eorBwihidafdaistin at@rdahce Bethadn eveb oA dIF Gt Arodst | N

mhodi ment of the present invention. In FIG 14, it can

accordance.w L]g?ﬁg} ¢ (
be seeffVFR&- r [nEoe beeen HisthergonME-As dBLY and 1A0are eppktéxtly ooupdadm a
si ngl etARImGOIRIE bed BRANER HAYAd-ANTIA. kﬁ&e@%eée?%ﬁ%l%@\'éﬁA@%bk@%%i apd 1220

are operatively coupled to forma single an recé
FI G 1apérptivedy capdsl tarfoimm b sinfglr adaendpldte betpmeln e\ . CPIG, ddtiBudfatdsha

tacle BVI d t tacts of the h BVILA It will b
ppr ool S LR RO QLU TerEP e Lo oana e Roaieq's OEhaeRiFor
oper at IMEWY IEQkIPhE Aspréhifcland 8y ol of Calshfs d16%SRH QSﬁtﬁct'[%{@;@] fof > equal I'y

consistent with an ‘enbodi nent of the present” I nvention. is to be
under serssaivehineouphiag therhegdérdylliA tatheratepteeledivilod)) inequalyhavisistegewitpaevi ded

nmer el yer‘LBcE .1 %etgf:{hgose rgf. eesﬁl anation and are in no way to be construed as
limting oqlmt Re”i AVBITE TS AV BT™Us whi ch have been used herein are words of

descri pti onjowrd] i iy & bebriderstoddahiiahe fRegbiNelRSalve einfgohfrﬁélﬁ@ha\@ﬂe&tfer !
al t hough the invention has been described herein with reference to

par t i cRiioxided impaiely deicthe putpess of explamdiion anshdyo ifi newey fo bheoristrueas limiting ofiot
inten . | {xmd ; rticul ars di scl osed her.ein. ther, the
| vent Tt Ron WESEHER P BB Fher o i seiolicn dad Tt ang
uses, mittehttas veords of limitatidoh usthenaltbbughBe ARpRMEEthsYedh BBscrib o6& kil €d in
the art, having the benefit of the teachings of this specification, may
af f ectreference to particular structure, materials and/or embodiments, the invention is not intended to
be limited to the particulars disclosed herein. Rather, the invention extends to all functionally
equivalent structures, methods and uses, such as are within the scope of the appended claims.
Those skilled in the art, having the benefit of the teachings of this specification, may affect
numerous modifications thereto and changes may be made without departing from the scope and

spirit of the invention in its aspects.
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nunmer ous nodifications thereto and changes may be nmade w thout departing
fromthe scope and spirit of the invention in its aspects. Wiat is d ai ned:
1. A hi ghwepeem2edsect ri cal connector for connecting a fipcstusedosmbéostal

devi ce WAy RTIgichdd:St ground reference to a second el ectrical device having
a second ground reference, the high-speed electrical connector conprising:
a connector housing; and a signal contact adapted to carry a hi gh-speed

el ectrileal ¢t BightspEsdbsireifieal tppesctas|feicaonheciingdeiisicdedtedl Hevise hariog elfiextt r i cal

el ectrilcal 1 iFdisl PRt e dod Hevise o ]
Connoc B aatafak 11438 PRBER &5lck i Boe SRARSR Pl el e idrhetng

t he seechlotticgl aummdctoeé@npixigs: 2. The el ectrical connector of claiml1,
wherein the el ectrical connector is a nezzanine-style electrical connector.
3. The el ecPBRFCIINEBE0Mdof claim 1, wherein the electrical connector
operates at ,dalar &k e i.nthe .G gabi t s/ sec or higher.
4. The el ectr ?génd co%ﬁggfpg%ﬁg& ta’%blglh&n? ]1866? @?{%ﬁ%{caﬁ% Da? %8%%1635%?2%‘%“& gnal
cont actledcsrohedecad{l ateetiical devidee first signal contact, wherein the first
and second si.gnal cggtacts forma differential signal pair. 5. The

el ectrical S&HmELthGMigh-sRacd ielecmical granesier is Heveif of ery swiné evrmsction adagtedev oi d
of any gEeineafAAed: (RIFREBMnd PorbrdfceS] l.gpedance of the
signal contact “is vvith% 10§%ercent g?éélrﬂﬁg%seéfégﬁ%gﬁﬁlnngg%gfﬁg%‘ 6. The

el ectrical connector of claim4, wherein the electrical connector is devoid
of any,gr ounge cRRERGTE i TRk I: | gnal _contact and is.deyqid of
any ground contact ad?@éﬁ&%l%ﬁel’gglggéﬁ%ﬁ{&eg‘!‘?]a 0318?1?“5860? 1572 MEZAAHIS: éaged
el ect r Eleatkicelownaedtar system conprising: a first electrical connector
conprising a signal contact; and a second el ectrical connector conprising a
receptacle contact that is adapted to receive the signal contact, wherein

the hi gh- sp@hecletteichlr donatetGramedindy, whifdie el efect@iaP béhiRbtoABYer e Ydhta rate
connection between the first and second el ectrical connectors.S. The

el ect r SRESHS dlgRAbcIaBRe 8f/2 CigAbis/seq aitigler. wherein the signal contact is one
of a differential signal pair of electrical contacts. 9. The el ectrical

connector systemof claim7, wherein the electrical connector is a
4, he electrical connector of claim 1, further comprising a second signal contact disposed

adjacent to the first signal contact, wherein the first and second signal contacts form a differential

signal pair.

5. The electrical connector of claim 3, wherein the electrical connector is devoid of any
ground contact adjacent to the signal contact and impedance of the signal contact is within 10

percent of a reference impedance.

6. The electrical connector of claim 4, wherein the electrical connector is devoid of any

ground contact adjacent to the first signal contact and is devoid of any ground contact adjacent to

the second signal contact.

7. A high-speed electrical connector system comprising:

a first electrical connector comprising a signal contact; and

a second electrical connector comprising a receptacle contact that is adapted to receive
the signal contact,

wherein the high-speed electrical connector system is devoid of any ground connection

between the first and second electrical connectors.
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mezzani ne-style electrical connector, the first electrical connector is a
nmezzani ne-styl e header connector, and the second el ectrical connector is a
mezzani newetgdem2omseept acl e connector. 10. The el ectri calpctasp@sioosossyst em

of ¢l aifn 7, Hheieirical bametioe ydwabf ool RirchshasichdbAH €06l 6EL 1 cal
The el ectrical connector systemof claim 7/, wherein the

connector.. 11

first éﬁ%@?‘? 14 slenalieticdsctiical semiatied t o connect to a first el ectrical
device having a first ground reference, the second electrical connector is
adapted to connect to a second electrical device having a second ground
refererice, dnd clerBicabrorasetor sustem efnlhim devitireindle elastrigilevntsce@ingct i on

adapt e 2 i .y,connect the first. ground reference and the second
grou ndg}éez%lenr?%%% {e ei%lnjmvlaﬁ gonel}eg%f 5rtfl% §¥St SRS GOPmERtords ainpgzzaningraiyls headere

el ect r comectoormethosecbsd dievioicsl hmaor ih MHSEANLIRt A AREN L LoL he Si gnal
contact. 13. A high-speed electrical connector cohprisrng: a connector

housi ng; and an el ectrical contact having a length that extends within the
connecllr haks slgtricuhengédor etel SNSREEdIRKSR tHd Gali; L0 id $riggyvoi d of
any grouqd connection that extends along the ﬁengtﬁk%%ﬁ?ﬁ@%§&55i%Pg§F
cont acfB8lq glectrigal conBedton cal connector of claim 13, wherein the connector
housing is a right-angle connector housing. 15. The electrical connector of
claim 13, wherein the connector housing is a nmezzani ne-styl e connector
housi n§l- 16Thaplectaralconhesior sysiamerfictaimdt, whiesdimtibFirstdlsigid chii ek gct ri cal
cont ac I en d.a ond. end opposite the first end, and
wher ei Eﬁcila? ﬁeg tﬁféllllf{eé{ptgeadﬁirgf@g?tfl@%I%W%hf‘n‘@eg grirstgropmdgetereice dhy sepondind .
g82{1ggfleﬂﬁcztlhaﬁn@ﬁr%lﬁ’cﬁapmﬂt%ﬂ%ﬂlerch%  debsitd ABAris AR, ﬁ%ﬁg 9feddlg g?cl)uei‘l%t rical
reference, and the connector system is devoid of any ground connection adapted to electrically

commnect the first ground reference and the second ground reference.

12. The electrical connector of claim 7, wherein the electrical connector is devoid of any

ground contact adjacent to the signal contact.

13. A high-speed electrical connector comprising:
a connector housing; and
an electrical contact having a length that extends within the connector housing,

wherein the high-speed electrical connector is devoid of any ground connection that

extends along the length of the electrical contact.

14. The electrical connector of claim 13, wherein the connector housing is a right-angle

connector housing.

15. The electrical connector of claim 13, wherein the connector housing is a mezzanine-style

connector housing,.
16. The electrical connector of claim 13, wherein the electrical contact has a first end and a

second end opposite the first end, and wherein the high-speed electrical connector is devoid of

any ground connection that extends between the first and second ends of the electrical contact.
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