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DI FFERENTI AL SI GNAL CONNECTOR W TH WAFER- STYLE
CONSTRUCTI ON Background O The |nvention This

w0 poven9ise rel ates generally to high speed conP@rUS2086/006110
that are used as vertically stacked receptacle
connectors, and nore particularly, to connectors
utilizing insert wafers that incorporate differential
signal termi nals which are positioned al ongsi de each

DIFFElﬂiﬁﬁfAﬂ‘ﬁb%’&ﬁ@bl AR REFORWI ﬁWERISBFYLE@DNSTMJCTION

Tons ur ne err portions

Back for. joining to a printed CII‘CUIt boar d. Electrlcal

M&Jﬁﬁ%ﬂc I Il known to those of ordinary skill
T'h'i's ﬁlb&qtﬁJn%fafeQ bﬁeréﬁ;t ® }ﬁéh G528 oahhabtdrSthapdt @setbasi eetically

by which electrical "signal ‘paths can be extended into
stacked ®@0ebtatié adrmectofs; amd mopr pantie@darty, te oomeplos wilizongaipsarhwafers that

1ncorpor|§§;t1@%§r\{tgégl€né]§g{nzlﬁa Vi—ﬁ W&ppé}?l%l&%@%ﬂi@? ea&ﬁéﬁlgp\%here they
appear nﬁrgk %@ct&qgéﬁgatcférnp%rﬂm{sedn@\ffﬁlbl? Hettuined dedbidfail portions for joining

act ure onto printed circuit boards.
to a printed circadboadt or used i n hi gh-speed applications,

crosstalkthat is |ljkely to occ et 0 .Cl I .
Hipattied] commegtivs pea bt 05 g RE ISR LS B ronic ars o
generallg §élﬁg eddefvfcgg ﬁy{w'hﬁjh eYé?:ltﬁc%g @igﬁél%ﬁ{s%anﬁe dkich@saantd zﬁid obtained
I's a pair of term'nals or other conductors
from a phlﬂaatd dlmgﬂﬂ)bﬂnd (f}Mer thedas isgveah] yioears, hIBNQVIQe r61®from|qegleyw and

conduct
ssems Ryt v o e ek S EPE RoBR b gy cesion
manufa&@e anH ?nsteﬁf ?rﬂg %rﬂﬂe& %ﬁcﬁlpﬁéeﬁ'% the same magnitude, but
te pola as the voltage on the other
Iﬁthrudmné@m usé&d th lﬁlgb-rspmdl aplipaions tdresstalothet isdikghyp @g@ggaetween
to a transm S|oq i ne, he conductors

closely PRl PAPVETY. AERELPPICER DEISRDUB B O e o) GeE signals. A
her SbddustoRthiabodh 1 but
e G e G “one a1 orent 1l part "
neither efthaned berducirs beat giognd bi cderehge podehtiek dRatherathgoeliage on one
ground pl ane, (or, other fixedvol ’E)tﬁ e refere

conductf50 5 AP bENG S S0 £V FRVROPE S BREN B GRPPfe polaic
OIS

s e 1 b GO0t b

transmissi@iidde, gl dondedors o€ svhath dre aqtacttmlympiandqcitw@llyyogpig@ fegpch

o e B0 b DO S SRS o on

dlfferen‘ﬁhﬁalﬂ {) n BRREASah Be g gﬁghﬁfc%’cﬂf Lahagl 1}“ h ¥6o£SdBhd PBine WieSthet fixed-

IS use DTOVIde an ed ge connectl on or a
voltage @éfeuté pliaﬁ@nﬁi pawvided betetnabe aormlluutgr&:qfnme cliffgrential pair and the

arranging differential
conductoriset And AT et SRR AP ekt o each
gheﬁlff%ﬂ:nttl?le a E%&{ﬁ%ﬂ@g atBedst HF4 bépa@i@i%l? c%ﬁlﬂe& got&Rictors, and it

e connec I ncrease, but when
is impoﬁ:@ﬂitrfﬁﬁﬁ @énriestok f}ﬁtt Bhlkseddiffietamtial sﬂgmat pai bbtmr&ni ,dev1ces or circuit boards

to maintain capacitive coupling. When a connector is used to provide an edge connection for a
circuit board or is used as a plug connector, arranging differential signal pairs in a connector so
that they are alongside each other and next to each other on the same side of a circuit board can
cause the connector width to increase, but when the connector is installed onto a circuit board,

connector width should be minimized.
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connector w dth should be mnimzed. Summary OF The

Invention It is therefore a general object of the
WEe@soMts9% nvention to provide a circuit board POHOSNE006110

whi ch provi des one or nore receptacle connector, each

of which will accept the edge connector of a circuit

SummaPPor TheMnkékgordevi ce. Anot her object of the present
I'nvention is to provide a stacked receptac|e

Ttisrimeefors a gereetl abiasbpl the Peeserft INFANGRN jp PIOVieEdHsHH poard

di ff.erential si | i . < Yet i f
connerLlGh kP BRPe Bt FnsPQ0L G0 SEVAEh o b e cae
connectGrATR&SHAH bbdloremalabase. di fferential signal pairs to be

Installed into a connector body using individua
Amglartobjdchof the pkesenh infensian ét o, preweh agtackasl iepentacle connector, each

el ativel y.easy to,m act.ure and .each of which al so
receptac, ?fg%cﬁ P"yéllh ﬁ‘&coé?‘rﬂﬂ%aée {ﬁ_gffef)eé}[lﬁlrsé%rlla 4 bet ween each waf er
T&S8bthet Hbjalt FUEOHBANS [RENtEH B &6 hRvidbaLgadked radBptatie connector

obj ect of 'the present invention is to provide a | .
that enablondiéferantiaf signal peirs to b ighlaligsbiatd appineetat bodsusingjadividual inserts

i connector ingcluding.an,insylatiye housi.n i.th.a .
R T T A L S
allows RotHF kA4 t1@be IV twdeartath ARtk Giser sl al efiddnipaksing connector

Inserts in the formof thin wafers, each wafer
housingsupporting a plurality of conductive termnals, the
erm nal.s havi ng contact. portions,. tajl rtd ons. .
SRR R R ERROLl ARG P8 M speed
applicatRA thO BSnilcReR il@hding Aeinshian® h&iHH With 8 hoBbW InteliGaskd the
so that nost of the termnals are oriented wth their
cavity avéctienoddtitgs: pvrakitygefdenvignalistzakl gndf groust semiiabi@serts in the form of
) apaci tive coupling to j acent correspondin . .
thin wafegh Fiar s L R T S oPay s S RERS i ergipals hgvine
contact g?@i@ﬂ&, thi€pOItiARL alkPBOdy3dehidRiihteROMhEDINE tREEICOERT tad Prtions
fset” about 90 degreées so that the signal termnals i
togetheatle shgnah rymihalnbeing didpesed so Buitymoar ofthg tenminalsere prented with their
. termnal tail] portions.. . Still.another object of f .
wider siJeRSEMEet GUETG I P ERES B F AR s R g Lg R ol eonding
terminal¥ ih RdfALER veRE8 i f SN B &l thé bighalterdilRAlibedy bediliportions being
which termnals are hel'd in assenblies that preferably
bent and affeet mheutfafr degofes ko thal theisignaligtroingls arqwerrangeeé isaypdgs-to-edge

conductive signal term nal being assenbl ed together to
aﬂmﬁﬁﬁﬁFﬁﬂémgﬁﬁﬁHWP MRS waf er assenbly and two wafers

ShAbnGOBL Qi Bt P REUGEIMEInER I s tEpiidk TtRlaScoRBEME for use with high
arranged on opposite sides of the signal term nal

speed difSsentbll yighal gpplivities irefvbich ioeiggle anscdeldeinrassrapblies that preferably
arrangenents that flank the.signgl termn ass I

ke G G P SO g UL RO DI LG D essembled

togetheftd ﬁ%%%i% 1 RS G1alP Wa i A e BIbBEANdBRND W EFERALcoRAIn conductive
portions at are arranged i'n edge-to-edge order.

ground terminals being arranged on opposite sides of the signal terminal assembly to provide

reference ground terminal arrangements that flank the signal terminal assembly, the signal
terminals having contact portion that are arranged in side-by-side order and termination portions
that are arranged in edge-to-edge order.

A still further object of the present invention is to provide a unique circuit board layout
for accommodating the tail Iﬁortions of connectors of the structure described above, which circuit

board layout facilities the high speed operation of connectors of the invention.
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A still further object of the present invention is to
provide a unique circuit board |ayout for
wa@ewenyseat i ng the tail portions of connect or SPOf/US1966/006110

structure described above, which circuit board | ayout
facilities the high speed operation of cannectors of
YhenbméesbitaniYed praaet heenti ieed polidehecipuitdenatd with a particular
invention is to provide a circuit board with_a

arrangetpentiof tebesrthatranhaveps tenhigh spaed sasmispian abiivgh ebthecanprcys of the

. . speed. transm,ssion abi|j.ti .

imventiop G irp R DOTH FRRR itoreit o S Rl ST RERLHnR 15 g

through GBREWEHb¥A ihaasREit BYAraNGe Agolgh REleybdingaitritiged ¢iha batees such that
di sposed in a circuit bqard,_the.thnou h hol es_ bei n

a pluraligy ofgrgeatl iracea epeameash a paic bf diftsrensialyyignad tagss, gad @r%*&}%éithe

s LG5S RGP BB Sy R ad bl B Sl 80tk at e
through®®fed %{ﬁn%fd i 1R Whitth 6 @erihb@ra&incditly ihé Boud fifrenghiidles.

signal through holes arranged in line within a
Pleest med ethedebjecis of e présenighventign s anggmpHeicddy Wayeafdhe structure

.and.ot her object.s of.1he.present .inuent.i
ofthe iR K SROECEY Sy e L HE S RatebRtpnE Rt hf g prgore
receptact‘f?] 5@@1&6&%9&1 HBwWRICAYY SpHbIvOF Aeoapting s tdrdteliy@ohsttisd sigilar blade
a

as two or nore receptacle portions, each of

portionmﬁarchppcsing@mﬂoeiocﬁevmc@pﬁ angn eleetsoric edeRriowlechppigmodule. The

esprdh B s R G Bl R0 5By FLFE BBl st i,

and the TRHHAs hahR& LB§RPHARKSe FRIAYRERTSthem B ohddURNoupRd in pairs
include a plurality of pairs of differential signal

along oheextentalf the comdetthn ané swhspguiestly adge coupled plangs repetnipgextent of
whi ch permts them be broadside coupled in pairs al ong

the congeeioToxt ent of the connector, and subsequently edge
SALRME RO BE FoliABRIAICRG LY t@Mind that B i6RAAGTIoMe. designated as
Mil t1ple inserts are provided which carry terninal |

carrying Hififerentiel $ignaisn dedhisoegrad dediipisalifferenisal signelferginal pairs are

differential signals. In thi egard, nultiple.. .
sorr G 1 5 R S4BT e B TS U P, P
termind] Bt & hréferR) Erndd@ionTBYo RtréneinadlveBl Mdttheterminals of each

connect'or housing. The signal termnal insert is .
differenpink Signalipair akospredd dpaonitemeadhmtberdn gagratlg! frghipas Thigrigcarried on

the termnals of each differential signal pai .
from the (gl SRARE! TePURden 2Bk g o pere i A b RPASfo foeton near the
wﬂpoﬁ$ﬁ§umﬁegﬁ&hhgg on fromthe term nal contact portions
rearwardly in the term nal bod{ portions to a |ocation
Aéadiffdrentiadisignplortrhionls cofiductpes hasiertheinpaths Whted in their supporting
) differentjal signal rmnal s conductaors. have: t hei. r
insert W56 e BRI Tk 8D ReBEm At g e SRy Gl 95 g gpd and
this tu.r& I%gﬁénaé"ﬁﬁb ARMiIRA e PEEBSs. "B, thE8TgRal BEninelHkd@banged in a line
ody portions end and this turn extends into the
and aret spacddrephrttaking thatrltneon sn edgedie-edgh arraigsgmeint. t karthisfaghsorg the
. arranged in a_line and are_spaced art ong .t hat ..
termingly 169 RRERH 1o 408 S0P EBGEOBE PRRGEEmEonT frd hoatydEqugline clone
their C&%ﬁ&{g&@gﬂ&«dw engage i n edge coupling along their
tail I"ons

port and br oadsi de coupling al ong )
The halves of the signal terminal wafer inserts have serrated-style bases on which are

formed alternating projections and recesses, with the projections of the first of the two insert
wafer halves being received within the recesses of the second of the two signal insert wafer

halves and vice-versa. In this manner the terminal tails portions are easily arranged in a line in
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their contact and body portions. The hal ves of the

signal termnal wafer inserts have serrated-style
whawesIsms whi ch are forned alternating proj ect PORESANE006110

recesses, with the projections of the first of the two

insert wafer halves being received within the recesses

the edgefo-ddBe FaRRANGES aidve. t wo signal insert wafer halves
and vice-versa. In this manner the termnal tails
Additipeah snsart eW%@rg iatg/pravidah gediare gr1angadia spaaes @rovlded between the

s 585 U, LT AT IO g 40t v
insert WQfe%th qefath §fg‘ﬁ@l§ RairRg tBloggathelsimal Wafersagae hbﬂgh&&)f alncsignal and

hese act as ground pl anes between adj oi nIV@% gnal
ground teanmahmrsert wetsrs angaliferenttse ap é%PfdﬁTézes‘ih@ iRfeY vedpts |aéél the connector

h t hej [
nousing g5y S AR oo SR SR 40 DB R gonmector
housingtRatROH&HEA&I fohBeditse gﬂouﬁ@fe@lﬁlﬁlaﬂﬁﬁeﬁ Refaoniestiod, the connector
hou3| ng so that ground term nal insert wafers cannot

housingfie farmed mithdliffatept Wamtqemmgﬁbﬂsm therneennd WeEY siohiy capable of
recewn\t%é)?l allgrgslﬂ cal ea tV\ﬁl er @Bﬁﬁé{\fgl%sl?t %161 glns(fot 1:§r a%?é n% gga'\% Vi hg only a

slgnaltéihﬁﬁa%x%@éra‘éﬁzﬁﬁﬂyrece' ving slots, so that a ground
wafer slot is capable of receiving only a ground

Thesaiand bthMO‘aECta,rf'dataresSlagﬁ adlvaniages efihe presentsvenioapyil be clearly
vin t.er fer..assenbl
unders“?‘ﬁje’i‘%o h& CBgﬁg aﬁ?ﬁl 8&1’% r%aﬁ SR E]%tgﬁan ad}?/u(%} ages gf

the present invention will be clearly understood
t hr ough a consideration of the follow ng detail ed
BriefDdasr OHWhB mmEsscri ption OF The Drawi ngs In the

rse of descrlptlon ref.ere

e e RS e R B
?fG {5 grﬂéﬁs@%@c(vet\n@«b of § cERfRstok ket %Cbohﬁrbﬂﬁé‘cpfnch%ﬁ@lﬁamd\hth the
the principles of the present invention, FIG 2 is a

principlee pEthe présews inventionf t he connector of FIG 1, taken

the rear,.thereof ree S
&L@Q—@ ARSHBGEL S FEOROf i qOHP%C?(?r G tﬁ#@ { (EE ofﬁ%eckge rear, thereof, with
all but ﬂ& h§e¥t witkfremol&d Ro2aES Inddfdr fY HRWoRhedthiefof BlafigEt Or
1, taken fromthe rear and illustrating four

@i@ whxs atsecmnnahmewxﬁféht comketosof FHGpl atakelwfrpm the £q6 and illustrating
|nter|0r of the onnetor. u n
four axas g oS rnes i e it e gl iU RO R
IG5 tﬁ@gdﬁ@@ctlbﬁkﬁ Sidw ¥afier. s, but 1%%ﬁng\'tﬂrbd: §ighd1€erminal insert

interior of the connector housi ng; FIG 5 is the sane
wafers i glaceasitlih e ihferbourtof il QQSnﬂ?Céerhﬁ)gSlnge of the three

Bt s R aao ke (s Catat i Ry Pt b rerminal inserts

partiallﬁr &l ﬂa@éa{n et &itnebid® ﬁﬁﬁssrngaﬁléiwbéﬂ ) RS ihidg dr¥ehdSte@iakl wafer inserts

Insert wafers aligned with their respective
and illspetiigniys signal keeminal insert wafers aligned with their respective openings in the

connector housing;

FIG. 6 is the same view as FIG. 3, with the ground terminal insert wafers removed to
illustrate the interior of the connector housing;

FIG. 7 is a perspective view of a set of terminals used in a signal terminal insert wafer
used in the connector of FIG. 1;

FIG. 7A is a perspective view of a set of terminals used in a ground terminal insert wafer

4.
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connector housing; FIG 6 is the sane view as FIG 3,
wth the ground term nal insert wafers renoved to

WO Rdoasorsei e the interior of the connector housPemyUSIhEA06110
7 is a perspective view of a set of termnals used in
a signal termnal insert wafer used in the connector

used in 18 cfleetod of FlG31; 7A is a perspective view of a set of
termnals used in a ground term nal insert waferused
RIG. 8 frce poysnectvoyiewfoltywgsets of ppml tgmigalg %@rlgﬁg%tp{e\;@dy portions

molded %agv%g ﬁ#"%ﬁ%@h@ Pﬁéo(ﬁticﬁxnta eaéh%tﬁ%ﬂ%k g‘@@"eéd%n’t Qs%gllnﬁw ve

eover, and

PQGP 98ii} {RRake veaehs Pidhe! bLfthHuéitzhﬁﬁ@ eheeio s@g‘:ﬁtﬂéﬁﬂm/nal Fheert wafer
i's the sane view as FIG 8, buf illustrating the

halves ammbiadqngtthqré@ farmed singlsstanaldgreinabiapereyaksisendl ed

P\t;{grg ﬁ é)m% %{eirvr\]égs( ]ﬁgy géﬁ%u naI 1ong'r1_;lilngc§]cﬁg)ﬁll E?ﬁw s%ﬁ?al terminal
insert wﬂepﬁlgllhﬁ?at@ﬂ% Lo gﬂgﬁf:nttdf EheSdi S Iterﬁl(ii{am'td’ﬂ@aldrigﬁﬁé botarh edges of the

lustrate t al i gnment of the signal term nal
signal teymmidabinatromgfarhe bottom edges of the signal terninal

I ns .waf er a rspective vi
EPESEN e G BB SFARREN S, M) Sogprot ey
two grofHOMAfinbBhEENghfelHsert wafers; FIG 10B is a
perspective of all of the three (ground-si gnal - gr ound)
FIfis 808 isapessectife Bf @l ofl 0B thrse mwdmg@@ﬂmd) insert gyaerg of FIG.
uni t 1CC is a bottom

|
10B assﬁtpgl% %\IW%B? ]fot'ﬁléa%sni‘nédggllgg? g‘%ﬁm{s&o&uﬁgr waf er insert

ﬂE} TbEis 4 Bttdih pUBtviaw R thel MO SibRA tirhiindl vael ihearDoft FIGE 10A
the tail portions of the term nals of the signal and

illustratipe dhmeri¢ngatiminrzal lisioseef thageibpastion o tha terinénals qighe piees and

f acircuit board |ayout used in conjunction
groundmwaf%efééyﬁf?é%tors of FIG 1; FIG 12 is an enl arged

et ailis ¥ igvh V@WFHFatdn%ﬁlt ®barfdl1&yout dsediih lcusiuheddmgith e
use of an-antipad style opening in a ground plane
connectbayodIGf 1;t he circuit board of FIG 11; FIG 13 is an

B 5305, S S BB AR SR by 00

1@'6 ShINed ololAE Blahe Stthe 6RASE Bosed bORIGEUIlL abl e for
pad sty ge ? connec?lars}hg]?rtheepresent invention. FIG

FE’& al 3jiens paatged detail evevodf aportion of Hetcircuitboardrd dilGol 11 gﬂumaﬁng
ot SSRGS SRS SEL 0 ARSNGB sy
connecBrs Il FreSaf HiveBE&. Vi g,

FIG. 14 is a perspective view of an alternate embodiment of a connector constructed in
accordance with the principles of the present invention , but having only a single card-receiving,
or mating slot for mating with an opposing connector;

FIG. 15 is a view of the connector of FIG.14, taken from the rear;

FIG. 16 is the same view as FIG. 15, but with the connector and its terminal assemblies
removed from the circuit board and with a signal terminal assembly sown partially removed
from the connector for clarity;

FIG. 17 is a perspective view of a signal terminal assembly used in the connector of FIG.
14,

FIG. 18 is the same view as FIG. 17, but with the signal terminal assembly halves

-5-
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or mating slot for mating wth an opposing connector;
FIG 15 is a view of the connector of FIG 14, taken
wo emanetiesrear; FIG 16 is the sane view as FIECT/1S2006/006110
but with the connector and its term nal assenblies
removed fromthe circuit board and with a signa
removed Bf BlafiRk aRgsenbl y sown partially renmoved fromthe
connect’dr for cl arity, FIG_ 17 is a perspective Vview
FIG. 19 isfa dewiofiths temmainaliused ineensenfishy signal demminal pesegrphnbaly e o1gilC. 17.
FIG 14; FIG 18 is the sane view as FIG 17, but with
t he si gnal term nal assenbly hal vesrenoved for
DetailedD&criptiondTdhe PF&ferrtd Brdbadinieaws of the terninal used
'm one of the signal termnal assenbly halves of FIG
Rferribgtnaiv te F1Gek dhérpis shavfa pensperties weved acapesgiordftthat is

constrn L A RS e WSS B AT EBRRLLY S0 b

top surfA€ 99" 4ABRERY 14) alddGoR dubfatdl € andlcfiidng r@'hﬁﬁ@él Eurfaces or faces, 18
I nvention. The connector 10 has a tog surface 12, a

and 20. fAsomh beaean inF1Gal dbe caomestor 6 Eont fcahep u\@fr@cwlq pegHiens 17 and

19 dispopt R A Db e o BT o BRSSP Puf Bl nd o
which el@@ﬁfoh@élak%&lﬁ% cARictit§ BPSREndASTHRA cirBhi@ byt @B t@ which the base
circuit board, device or blade connector may be

connectomideis tagtachaid Tby caviviector &0 o€ thei m@ﬂentslmgwélogl ig g gorypressible

carried to or exten rcukt ar
stachmGRsGHE Exree RS anRebtidr rgere b il SO 1 il af pouen
hole plng' Octhf steRBlaffe8 $ERy, HRVBBHNAR theSerfbdRmBiiRR1cRIdes comphant pins.
tachnent -styl e connector, neaning that it is

"Bhid acinectot dswhasiarreasi facdhdy dedylsmhgwg nggfre p]@pu@yJ ghF ko |2eWh1Ch isa

proec St e GEpIBLA) ASTCE, AR b o

at the reﬁf Paee b@%f ﬁlercgﬁ‘ﬁec{cﬁ‘%ﬁd 200 B AW SR WiViFDI Fofth€ 8érin¢ctor 10. At
whi IS a perspective view of the
the left- hamhsedet mﬁthd. ﬁsaofacE RZof the dynheatelkdensingoibererfae sl@;yn three separate

f k h
0 PG LSS R AT e Lt AR 25,91
1dent1ﬁédh%r I%?é?%‘étngfnei]a@ 26 A stdRgeri R tmdra Bel1ysbellew Ohe td3ert e@rs are of two

22 of the connector housing, there are shown
types: atgnasuml ingwawalee24 asks signelfiesest wafan2 @indghi &ipeas based upon the type

st S5 RS 2P g
insert WQPerr &s fntd éld¥d Qﬁéaﬂ‘y’mﬁlhﬁle' ?ﬁ[ tigh@at eha p@ftﬁ’:u&fflyt Wirstof@eBsrential

ground 1 nsert "wafer 2 a signal insert wafer 26
signals. aAcgmmi 1h§mtewaf3r isasteddaﬂdor’oetmenewﬁﬁbm@me oF groad grovpdplanes on the
are_carried by t ﬁ conductive term nal s

circuit l?(ﬁlg%?.l% %tp@p@als o caﬁ% grqlwgé}gtna é’PP?Sgd t% 9@’9%%1&14 %gneﬁs
ﬁfﬁmg%ge;ﬁ‘ﬂre L gqcﬁmeﬁ%f 54 SRk Stor AMEIRAELE CabREleNal iR Wafer 26 is

signals. A ground insert wafer is
1nstalle<ﬁ bm\mdﬁ two graned coean ecifed 24 as seviom 6y 8. dr Bunghapiearias

t.he
d1fferent1al s1gna1 terminals of each pair may be maintained and directed within the insert wafer

26, but they are flanked by ground terminals that provide close ground paths that somewhat
surround the signal pairs. This structure assists in providing maximum shielding of the signal
insert wafer 26 and results in a reduction of EMI and signal cross talk and skew with or by other
signal insert wafers that are present in the connector 10.

FIG. 3 is a sectional view of the connector 10 of FIG. 1, taken from the rear 22 of the

-6-
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circuit board and its termnals will carry ground
signals as opposed to differential signals. In the
wee@besrsesl enbodi ment of the connector 10 il | uBCT/EHSBAG/006110

each signal insert wafer 26 is installed between two

ground insert wafers 24 as shown in FIG 2. In this
connectGFIINEIG illtéteatidp Fhereesindabrsbgriatert wafsts il iastafled@ithinpheé interior

may be mai ntalned and directed within the insert wafer .
of the cap@ectpuhousingandrthreg Fignrlageaying sklindierpeser faiveen (g ground terminal
. ovi l.0s raund pat.hs, 1. . :
imsert wileE 1165, 4 PRS0 ST LA RN L Y RArtS6 inserted

in place /TXi cAH e SEingh #1603, @hcH Hths kgitall iﬁ%&%ifeﬁé@ﬂ&fav@@orﬁ{l@hnt signal tail
results in a reduction of EM and signal cross talk

pins 45 thatiprojesiiinin the bpttayy edgdvet olsgagh grounddesert wifpre4sandrpge co-linear

s B PR S8 SR M. T\ o e 22
connectb€RY asZho®h ih IFEG ONMAEHRK tHibe siBfali WarbiSThEasi 280ntAd into the

ground term nal insert wafers 24 installed within the .
connectpmtGerLise thef growwel wolanimeerty 24 thesvigiep! ansert tvpfess 26 also have compliant

. . .. Sj | -recel vi sl ots jnterposed .between .t he qr
o <SR A T, S el 326 B S5 B Qe same
line and\dr&Ws¥icbllintfle signal termnal insert wafers 26

inserted in place. As can be seen in FIG 3, each of
Flg 5gs therrdmiendew os T ¢y butdnillvairates orgpof thathreg fjgrdl termyinal insert

wats 34 R OBk b T PP RTEEAR G g5 o
terminal P& WatirOd, B SRl irdsBR vaifgeak ahd SRy drowrf @kert Whiers 24 have
I's the same view of the rear face 22 of connector 10 .
differenhbeightswn that thely@an Be edsily nwdtelredtintodbeis pejrrspondifgproper positions
... Jnserts 26. installed into,the conngctor.10, Like t .
within 7 SEFESH A QY 21 RCGF Lol PRUSRF ooy ki g elflohg insers 26
of one h’%k%ch@ ah@MR SO ihat wiert 1ad difefeht hbight, BROMERThg flieosipiad ensert
bottom edge 47 of each signal insert wafer 24 along
wafer siohendgnoend insert svater slots efl tho cemnerion df o bepizimyay eprregeonding
) same view as..FIG 4,. but.it illustrates.o of, th .
heights it BTG esrsr hair e oot Epaa B3R 07 (Bl Mg a stenal
insert waF@GRt o of Hl‘é‘taﬁﬁlg%e&érﬁ[ teHBirPE 4B RyaFdhantd ) éﬁisiﬁﬂoﬁ@hitfiﬁ designated
flanking) ground ternmnal insert wafers 24. The signal
for a groursetminal isset wafenisclintinatet.olhid sbepsle tip agisbhsamlyepaiy ef the

di fferent hei that t il
comnes it L B eSS S0 SRSl TP PR,
are forrhd £6ASEt 16RAY bhe/sutRcObS thB enteAANREIP RS BOHRI Jdfndklor HBYsing 10, while
meki ng  the signal wafer inserts 26 of one hei ght and

the signahtermgmal ndeit maérs fitvegassthedntgrgininigd archiporiensgHil, thatrpge arranged

e S e B0 S .
desired CR&{ i§ %1?@%’&&? ¢hsBR VRIS card BiemB@S&I1BY fhhh ﬂle(gro&rﬂiciﬁﬁdrﬁﬁﬁﬂeys and the

installing a ground insert wafer 24 (taller) into a
housingsingdidiedito sewmmvatagr thisl aptangemerft. i nstal | i ng a si gnal

jnal, insert wafer, int osition that i ) )
Eﬁéin?g Aot dPE M Grilbnd: YaP Grep s Elppafigpel wptrs 24 removed for
clarity & draférr{a*im%tra@hﬁﬁﬁ&ﬁﬁ dsvilP PsSRERbnead 10 BBadiAg Md dibgly
connectors of the inventi'on. The ground term nal
showing msnyert waberetensioe afid slignnient sib@7shdtdfcrmeGas girt ofide connector 10
housing and which runs horizontally between the stacked receptacles 17 and 19 (FIG. 1) into
which a circuit board, device or connector can be inserted. This rib 27 is sized and structured so

that the retention clip 29 that is formed as part of each insert wafer 24 and 26 engages the
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are fornmed al ong at | east one surface of the interior
cavity 25 of the connector housing 10, while the
wae@ead1ster m nal insert wafers fit agai nst thePCT/US2006/006110
intervening | and portions 101 that are arranged
between the slots 100. The heights of the signal and
alignme S AT ah NBAHS theahRFSvATEY 24 @@ 28 efl thd dondesor krhs pliatonnsctors
the signal insert wafers can be nmade taller than. the
(not shogmp anednsenicd intowad eamsovgd dromhitherconrsdiny hevsing il8d Additionally, the

acconmodat e thi s arr.angene I h '
conneetSRRITRRYE! Sgf M RES AT s fleineB 2V g BRTE gl of
secondafyedION €02 fQEh 6F #hichYedelvel edgds df thd detdnsibh aligs 26 the signal and the
i'nterior cavity 25 of the connector 10 housi ng and

ground ighbertwhfersihwion Jha térmérals, anexplpinedbelawi, 518y arrduds reightiem barbs 104

o R RS S PTG Bt 10
A&} askseh nerepthackest differifalkBralsl da a difcuitBoard\bt dtherdevice

circuit board, device or connector can be inserted.
requires o sondust®F té earsi oredlifferdnidal signplivish eaeh gangductehesrrying an equal

ion cli 9 th j
vt ool 0 048 B DR RB ARl e et o

provide RFFGSntld §ighMSRhhe MG 8RS pAfs FNele2By-kilde UTRr&RANSshACodductors in
as plug connectors (not shown) are inserted into and

each recepiaoledd and ddhrehe tckarraoeaed tocumpiing doitachdd iatcitewabeapd 13 to

., the connector hqusi 10, nmay, .on opposite. sid f
which thq ngRagio e 502 hethup B T i franney et o By of many
differenBhC% ghal BArs ﬁ%hh@fop%@e?ﬁcf&@in‘d&ﬁo@%@ﬁrddfoftﬂlib?bot‘gom receptacle 17
retention clips 29 of the signal and the ground insert

in the wivith of theZdnpn@or Ith éhetdafferieniddl signakpaissirayideditoraribygcepiagie 17 and

i ncl ude retention barb 4 that en e the inner .
19 needl i b, BT ST SO P ECLI i Peb P egoh b8 s Alhgnections from
the conSRRP Q0O the QKD tHBarkO3 £6 ab@ledfBohhtAabake or Ehige UseIE as shown
- differential signals on a circuit board or other
in FIG. d6Qj where drpuéanasctomty) moets acirowis boayd d drinsjeagmd “side-to-side” where a

. . differential sjiqgnal with.each conductor .garryi an
it oSSBT o5t A5 BREE TR 1SR s comac an
opposi NeerndiRClEH 26 86RBLBGKESdge! and 19 are both used to

rovide differential signhal connectors, the Ealrs of

EI@ - bp-reispectiiieq fiew et satlof sigyalabrnoionld 261 0% that aseted in a signal
. receptacle 17 and 19 need to be connecte 0~a, matin
terminel PR o4 E Y e g hepsoSeat AEER HACCd Jaah o he
relative;pg sition B HRCHERAme SRk Rtior AifP? HeBedafshe SN BRI tdtthinals
ttachment of many differential signal pairs fromthe
261 and 2} are ideptiea|exce® fartbieit rrbeiversengsi foe biregity tandy e temset of signal

. ) le,17.1in. i.dt h h he .
e A B St e S AR 0 o o
or outsidé C?]ﬁgltcgo? %g?ﬁ%??lta%@& orlrn%l@é Eshdtktos OFEBOW sRAS B!,

SO erential signal connections fromthe

conductionreeninats 261 A,® &l Becanibe configiyedtadbelBdisfeeensipl Ygredipair. However,
. "front-to-hack". or_ ”edge-to-edge" as wn i n .Fl .
asis seqreheS YHEACh O HEMEBhAREE (ont G Tatt ot e R GHRLeD g Py and
terminéé B8 {18 8o terndindoraQesdriiCmd Wig8t &irfeldntidl §i%rgﬂ’ phid WoRberminals
e Inserted into one of the receptacles 17 and 19 and
have cdriegpdreling diffesenteltiged teamimappieswhighebepeativelysdafine dlse differential

. circuit card edge.
signal terminal pair.

Still referring to FIG. 7, it can be seen that the terminals 261 A and 261B each have a

first, or contact, portion 30 which are mirror images of each other. Together, they form a contact
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FIG 7 is a perspective view of a set of signa
termnals 261, 281 that are used in a signal term nal
w0 n®en91semf er 24 of the connectors of the preskC/US2006/006110
invention. FIG 7 also shows the relative position of
the aforenentioned retention clip 29. Because the sets

" beam pa%}ftha?tiv@iﬂ%lidé BYd¥ithab&e2fh philtcoBdctar matinteblaie apiealyeptircuit card)

or their relative sizes, for brevity, onlért he to .
when it isénsegtd itgna¢ of densosataslep 67 and 19e BEH] sarpchioy teimpian &l A, it

. Th [ |t ] nal t 261 ' j
s oSy 58l G A S S AL 5, GO R, Bl s o

the insula@PSHEfeP hal? §ltBwHidh @ NEneIABRdAFBM be SR MBI & the first point 32 is
termnals 261A, 261 B can be configured to be a

actually giist besroad theafromsiegga 9 phthe firstovaforall into Which damtepainalsi2g] and

FI , ~fermna 6 .S _one termn f AT :
281 are silef ohkt PRERLRAIA P ori ot v g By to @ second poin
36 whert @ldTbRRhalol6 13, SaeEvnedldiehit e titfonee@nid7adf thé gpedl insert
pair. These term nals have corresponding differential

wafer 26 Tiraterted porifins 85xxtands dhwowaisdy tetd thiarpous A eierqai the terminal is
o (R o B SBNLR B REP b G55 i oxer

to ensuré HaBRAGN pHANEs Breldifohid alBhg & G BFdctioRQK tHeDdttdth offthetignal
are mrror images of each other. Together, the

forma
terminakiosarawtiee afhpedmplidsapingeild 44 exteed Gomrthe heltay gé%/h@fof“faet 42 and
.pl ug.connect ar . mat.in |l ade (typically a circuit card)
can be 1&??@?1‘1 1to p SuewL BP%TS&hI’.%H@bﬁ‘gﬁ-e of the receptacles 17 and
]%I% TW &e?icﬁ@z? PRfuhd tQufidl TNak i fhleAfortehticied @eSund insert wafers.

orizontal portion 34 that extends forward froma,
As can bd sest, tho ground Zeranieat ifioledes apmpleys tait pinp 45 ithes areaaleajiacally and
wafer half intg which.it is | ded. C. [
e b B Skl s, TR8 i 8iR, RE RSl
extend frb@The BAPEAD Bfwhdi€itfidudd eMBFREpthat blotsNt70andhioc MTHeheound
termnals 261 and 281 are installed. The term nal 261A
terminahsiownontFaG. Péprodaes3wh isxdatérpigrounchparelbgiweensignal @wdergnserts
i %)oi nt 36 where Ot he term nal 261A turns downwardly
installed gife, g PRRCYGt % m edge 47 of the signal insert wafer

t?ﬁ}.s ThepdshdcticalichostithO Ry Bal et 1BdBal@OW WELERH] Yvalfé@ ifsert and in
|

rd point 40 whereat the termnal is fornmed into an
particulphpsmspéctid? vidvabf twasetd of signahtedninatss? 6dh 3 with dhaaingulatie body

porient oS e A S bl ST RIS B, A Bbvn i e

figure, ’é(i:&g frsr%?m iQfert Weres DY 'iggéoiﬁﬁ[sea BRb 1fNEET 30 Ml LAight AK 52. With respect

lant pin tail extend fromthe bottom of the

now to pfst thetlef RalAn@, it cam treseem gt thederiminds 36 ehd 28 havenppations that extend

t hrough hole. .FIG 7 icts.a ground.term.nal .for
beyond Pt s S pE et HNGR “OFb U T RERR iR Up and silend paralel t
Ceaceh oAk § £TdHaRRIheirBs!cdges3 CRBR thaRar badd 53, the
theboﬂ%lﬁlns 4%7?&2?1 arg electricall ;rand grechani cally * _
terminatonmedsvecvirdyetohard ths reer silgey} eandnixit asTheafgremangioned compliant
. term pal, set. sho 7A extend.fro
tails 44pi

in Fl t t ai.l
Tihe SuBak AL @ RO o U e F Ao Gy A pacygper near
the tail ?pgrti[oyé‘ So ﬂ{aPH{ég Iﬁd@r 1}91{)@& BOR Bl BhEheehnPEHRY isdR8selat the
solating ground pl ane between signal wafer inserts
bottom of the signal insert wafer.
Just above the bottom edge 47 of the left half 50 of the signal insert wafer24 there are a
series of notches 55 and teeth 57 (or “valleys” and “peaks”) that run most of the length of the

bottom edge 47. In particular, however, a notch 55 is formed immediately in front of the rear
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installed into the connector 10. FIG8 is a
perspective view of the two halves that nmake up a
wGar@eadisemf er insert and in particular, a persSperUs086/006110

view of two sets of signal termnals 261, 281 with the
i nsul ative body portions of the insert wafer nolded

edge 53 BV @k 14fhRalf 6 tE Bizhsl ibsdrowafer.NOk ke right ha%2&if®h\f131gmal tv\huﬁer s 24
figure, the signal insert wafer 24 is conprised of

bottom ddgf 7 fretiopths( xa%@rmdrthghs Hh%illeﬁlaEb’ in\iyqng of thegeatedgdw? PBthe right

el hal a
52 b e BS9SRI R b B e
notch 55tt|B§t it iRREdRRYLIn4 o fof theredvaddge SBal thetleft half 501 Wehen the left and
aforementioned clip and extend parallel to the bott

right halecl@ﬁ) acrm Si’rm‘e idieed ogetbay dhemoichesvapad iRt eelthe &&@%@52 engage

e te L I
e ety B s BL o RSB ot 3541 S50 OELS R, BRABURG X o v
to the otﬁ&‘m’f hi® @:ftwﬁ)@ihl r édratcth) Grrén g@fireht }B&frﬂﬂs i@ tail glottic@e Iof tHengnal
he two wafer halves extend toward each ot her near

termlnals h@cctrm butppdplaneasd do atiprad lineesly aleps dierhojiennedgerpd the signal
line . tail arrangenment that is present at the bottom
w“n“mkﬁmT%@a@fgnal insert wafer. Just above the bottom edge

H LarPbe dcbEid Bid. shahdfthSGighhl ihdter whfen2d inchisles & lefelhf Mand a right
there are a series of notches 55 and teeth 57

half 52. " T Ie@glf 52 matltiqre akslajivellidlat e iplanes gmsubiftlvp hedy é}g thahisepf course,

mado o 5 bR 1 AR BAFYS e VRGP o

planar n?]slﬂl?atllV@fDBdf‘@ thafls sit@ aﬁﬂgﬁﬁjedlt@ sffd witia fierleft ®6d§f b® Bbithe spacer
of the signal wafer's 24 bottom edge 47,

a
body 63tandithe Bghtibedy 65 et a ifient! sdganidentifinddiyyreierence gHmer 49 HBoth

rear 53, of . th thh f h th
bodies G B BE Y, HSR A b T 188 SESCho TRLGT LG L g ered o be

opposé@" ld th%rfﬂﬁ‘lg 8ddeh®; gt o ea?e Shﬁtcohﬁdérﬁﬁf&db@éﬁio%nd: fheﬂ:fo@:ﬂin edge 47.
of the rear edgé 53 of the left half 50. Wen the

mdtenngﬂats depictedsn50Gan dubtreugh epeli elethe tedigealhal and 1111@ rlght half 52
s 55 and teet f.the |left hal
and are (i sucemh P e Siel B 1SR repre e HACr 9437 PR e ew as
FIG. 8, ﬁﬁtr ﬁlué%fates%ﬁé"@v&%@nal%&ﬁﬁﬁﬁﬂ@el’f&r i8fere@Ves18l andtso aisfdmbled together
her. This sawt ooth, or serrated, arraqggnent permts

to formtah;mglmlgnqb ¢ariim snsoft wifer . ghatanthsrsepmin G §Ac igecopipliant pin
it 44 o KR S SR KRR P B O 5 REU TR e

sar h&GnoBsHR@D). ShteSiItn@tivieRs Blelsideatesid@fositidisud@sif@entef terminals
neplﬁaﬁ‘n 50 and a right half E782 The yIeeftﬁ?]alf 52 i ncl udes

62 and &4 atetha frioweddge H0af thor mgﬁ@éﬂtespmwvéezrl QétbeO@rnb duppt-BBbadkpositions 62
a no Ive. mat er

and 54 %N?ls%geppgqoa%{%grmgagpgg tle% érgsg %,4 1ts o’al)l%nl e-lc-lgg 47. The
re—arrar%rem@htatﬁqﬁe thf'i%HilnﬁEl féﬁnffﬁﬁ}is @@ab‘lé'@laiy dlﬁel%h‘?ﬁﬁli @iﬂsﬁa@ apeéts 42 in the
te wth the left body 63. Both the spacer body 63

left andaght hhlees 5Qyintd Bhalya €8ndl ansertavafén ont " edge i dent i fi ed

i%gfg}eif né?i@e% the rg?sli 514 2 lptggrtglgialgggig Hgg?]é are g%ﬁ O he planar

left-sidl SpfeOad¥B&AcH haPfhey each have a horizontal portion 34 that extends to a

vertical portion 38. Both terminals 261A and 261B are substantially co-planar, meaning that
they lie in a first plane and are adjacent to each other. The vertical portions 38 of each terminal
261A and 261B run to an offset section or segment 42, which in the left side body 63 extends the
terminals 261A and 261B upwardly from the plane in which they both lie, to a second plane that
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"opposed” to the front edge 49; the top edge 5 1 is
considered to be opposite the bottom edge 47. The

W@ eooaiosEbs depicted in FIG 7 run through eachr@f/usives/006110
left half 50 and the right half 52 and are identica
except for one snmall but very inportant aspect. FIG

is parallddfo bt didVRtcdarBn Yir® Wlade ifrWhichdhe tutiniriald 26 aﬁdez:ﬁ 1Bhisoth We. Both
signal termnal wafer insert halves 50 a

offsets 4assmmn1eei@mm@edlh erstile bajiom edasi ATt éhf’slie&r?&ij e Radly 34 here they

sert fer 4. FIG 9A, the
become %rﬁ‘ﬁmp& Wi%ﬂﬁns44 ?fb[g? ?e%n en%tdovvnvvar dly fromthe
Retd I‘Péﬂt %QIQQZ Af t}ﬁrﬁgrﬁp irskf @afer QﬂCmeteré Wlﬂaﬂsﬁdeﬂmdah&) terminals
sanme plane (not shown). Stated alternatlvely,

261A andi2féBlvyeait et ot rigbhsigodl viferhatiey?s fhey lgdn ﬁfﬂirmd glae% which is
s B Pt E e3 Sii e
the secoﬁ@gﬁbé & Whidh |t1§e }ﬁﬁ idilstite Begh@atb offsae i theaight half wWitidnare not

ottom edge 47. The re-arrangenent of the
shown, ttibf dxéengrtbeé wrmmtm g ehirideplanedp teechforpmsntionadesgeongpjane such that

e i GRREEUR LRI 2 P AR 8 B v

the pin t5f1§44‘- HaBExt Sl ORGh thetlef Hadd 59 WhdAhahdo BALEs @t asseinbidl together.
Into the planar |eft-side spacer body 63 such that

The habtds &9, Encfthbaigealdnseor walsntmal bp @$$n@kd3ﬂgqthﬁtW@XP%ﬁ%@dtl@les as

ort Bot h ter ]
shown “élF i&%}%ﬁ?@&w ?rﬁ’:%eﬁ Icgl?f%ﬁcmdr?g r‘ilsnag e[a%g]%lﬁ{r &)qu%@laﬁm#.
5| cflélfrﬁfarlﬁh&:n 1eaehaltcBmAtlAG R rifl@ sRRUddP BB @Eve 4 B&ond offset that
vertical portions 38 of each terminal 261A and 261 B

extends thentetroinals anfaf S thedhirdnlave insegavend dipctioppdhe piqramgationed

second | e{;\ga@rSI delfl?%ﬁ?éy gg’[eg{i‘ tgﬁ%%%vﬁ%(ﬁ%ep ﬁ{l}e bo%I %’oet%%%Af ﬁ@%gf@ Rsert body.

RcaB® sidbrhSndRhAd Fight side t@ﬂﬂﬁmﬁb Ql\ééltatefhllfyrdi laced from
The ext fs?@@%g aene |Sn whi cn t he tlgﬂ;r% nals 261A and 2618§pboth

each otllerd.e, By hreodphewt apat Frapo nathmberda@\ﬁmm th §IG 48t t he

E]gi (?%gl edg %E%Z?ﬂ‘%fv 3%] Fle%l 9?;/{ %)gtl tﬁlg%‘xoa? thg %gﬁct)my?%rg saérmf Yerminal
insert whfh 351G llu§ﬁ"£te tﬂé"edgﬁﬁofeﬁgé" hlidhahent 5ﬁth@fs1ghﬁleteﬁhlgﬂlaﬂaﬂs 44 along the

i nsert wafer ere are termnals identical to
bottom eegemm the ggaA tandnaangrtemf@p% hates SOrandida. AlghiOA isa

gnal er, h f 52, .the
pesoechud R e G SRSl SRt D B0 BBl o
insert V\%k&gl 841 Rs\Waleabb®s, %@Qﬂoﬁn@ﬁ:ﬁﬁuﬁ[‘ﬂm&@ LBfdrs B4 proriddieolation for the
econd pl'ane in which e pintails lie. There are

signal msfeﬁseafsrsﬁﬁ t . 10Bhs a maltspc;cmoh o€ hll af @e e itsenkryvatern A¢ and 26
extendthetermnlsmthe third etot 1€

assembgap it GHBK SBREETE] SHETEONN PR, CECtA Fgh iyl feure, the
comph%g 3tn ﬁpg £94dr fk %‘F&lﬁﬁ%ﬁﬂhﬁl‘lﬁ%e@ﬂ\gﬁeﬂﬁe Qb-pldrar ﬁﬁcgﬁlkldf@efhe alone

be co-planar with the pin tails 44 that extend
the sanferlmie Sheildf for Hel donfidiawhgin taiksed4 ofishdsipnad dnsgrtevafer 25, they are co-

assenbled to her. The aI ves 50, 52 of the signal
planar Wh‘:’slbﬁhﬁy ot Q’F%ﬁ%?m‘(fél%%% Ialé’agtﬂ?fgg@ﬂ’?ﬁ’rn ®wi th posts and
(’Taﬁ & @eﬁ’& 18n 6 e@ ofBha Bl gfeNEha B sBEssioH Wli€70. As can be seen
connec such as a heat or oltrasonic welding. In

in this fig@t eapREigas cemitdeldsognathetapexivatrmngle, theether gometsi afgvhich are

body 65 have a second of ffset t hat
two ground terminals 45. Signal “leakage” from any one of the 51gnal pin tails 44 is minimized

because of the relatively close proximity of ground terminals 45 to Wthh signals from the signal

pin tails are capacitively shunted. Additionally, each differential signal pair “DSP” lies within a
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extends the termnals away fromthe third plane in a
second direction to the aforenenti oned second pl ane

w0 e@atsPTh t hey extend downwardly past the bop€DIS®AgeEN6110
of the wafer insert body. The extensions of the |eft
side termnpals and right side termnals are laterally

geometridifpta®ads fsaipdesahteiohadcting tes fouh giymadi erspateds Bpandginary
fromeach other as shown in FIG FIG 9B is the

lines. Thisairrellusitreteddn the inset gpthggtght afddl. épGn ér he ﬁgor%ttnpa”}gu{ﬁ ngthg

embodlnéaangse &}{o ; eag)ggor)]%%nﬁtaﬂig %I \8? %lé 81(# At{l%ffﬁrﬁruzéasﬁn%}giﬁe used 1n their
place, pléfeﬁﬂﬁy the-shiell et dEG. 411)@&136 B;q;langﬂlalorde&rolﬁmeabrmmah lrelatlve to

fer” 24 halves 50 and 52. FIG 10A is a perspective
the diffexdnginl vgnal hentadt gagtions showimn il FliGhs¥ht Afghevnghe il porggnsgre fuﬂy

T i

capacitiff &‘ﬁbﬁ%b&@&@id A ddae-té-begsirgbabmemse tie taAfpertiong Guhere the
is a perspective of all of the three insert
termmalwafesmgn@ne(hﬂ@di deuddeandbl ed t ogether to forma single

nsm ssion unit .70,
Egari LRSS Bb A Pas e o P A R 30 Bnffteed in
accordaf @WK 1nd1151§§61t thW@feRént 3h Ren€iOn PhIAOR it Ared atHaﬁEmQ GOE witheonly one
alone the sane line. Simlarly for the co

npl
receptacieaslm 044 Tofe bohging Pehhas 4 ploeality ofawé&s g the r?@ypta‘ﬂ% g sfot Boa is

st SEB- SRR 0" e Sl DS HEL M LR Py 2 i

embodlﬁéﬂ%ﬁcﬁ b@NAkd {o' AGGHHISSE et 3007’[@ a dd&ult ddaddel 35 eenshiovn in FIG.
this figure, each signal ternminal 44 fornms the _apex of
15, the rmatt afither gcbrmectphéocbtnn@des:@hﬁléw C%)‘flty\/&ﬂ9dhata?ﬁ%0f{1%d§%@ﬁamal

f
s 351 B s AT S B s oo
312, 31 f 8t @itffei/e%lt Melght@ SRIR RSl dTI3N Y rédl lyHeipndlah& bapreaiossiddlet@ibed. The
whi ch si fromthe signal pin tails are

dlffelencapamghwef the smﬁr&léd 313 aaichebibaldiffereragdn haight of thasicapl and

ground }n§g Wﬁ%ﬁ tk]/e ﬁ:amt% IaLs8 ﬁ%cé\\é\(ﬁliesrr%ll rg‘%eﬁ‘gc?r? gﬁ tr3 M ?v(})%dn %ﬂ% ?erﬁ]ﬂ?atl nsert

wafers &%a@é’witﬁ%bﬁﬁfn)’ch knes. This is illust rat ed in the
Inset to the right of FIG 10C The georretrlcfl
FIG.tliee llesthtitheeses ol wighoes phbesigaakigiaial igpetwafers 320

rectan and ot. | es_may, .be e
ptin RS b2 s LS BRE B B G e i
the caV1g§?< Pl 19 ifieraRE RS sigfal tiida® in¥eR @aer320 ab rstRoted ftdhe the
ferential signal contact portions shown in FIG

9A.
connec‘rAs 3@Mholvean bheeen dliat 1tpn¢1t1dezsrt§voaqaers pﬁtqngmxa}sa}iﬁép 87 whigh are aligned

fromthe e arr
with eagt PpRGad e abH NG 5roaact B kg SarpITRRGnd vityrespect o
the con{»?é‘c%&frée g&léﬂﬂ& RAITHER: AR APFAR MO BdHtadt Poitidds B%A 326A body

portions where the termnals are connected to a
portlons: B2 51 X2 6Baad dail pEHES: 3254, B6E€ hdwe il mrﬂ@msffa%& and 326C are aligned

engSEEBSAEELL, S 1 2 ERRSSS B0 200V EPBBLANE el rigo 254
s YL gLAZEN R o Aty ek o
325C, 3X6€ dre abpicdcllengsd lohgtB@keilime of action B-B as shown in FIG. 17, which is
offset from line of action A-A, and preferably at an angle of 90 degrees thereto, hence the reason
why we refer to the tail portions being 90 degrees offset from the contact portions.

As shown in FIG 18, the signal terminal insert wafer 320 is formed from two engaging
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defined in the front wall 306. Posts 307 that receive
mounting screws are show sectioned in this enbodi nent
wobkiosloEmE used to nmount the connector 300 to BCTUS06/006110
board 13. As shown in FIG 15, the rear of the
connector 300 includes a hollow cavity 309 that
halves 32@%0':5}{373321‘)@ e8I €9 Miudahtel bseset 6 BikQernShalk ka ntake bfithe terminal
nbodi nents expl ai ned above, the cavity 309 has a
mnmlnfgérl%s of slots 312, 313 of different heights, with

ot 312 real h
rliScdrBaed Prnetal riariuieo AU iRer bRt ppRlh with fhe)
connectorsior FTBE ¢hes dahi®e dédnfif FEBCH, Ieﬁlc}hte,ﬁrcgigh h@ie fohe siginginah iscidsely
ground insert wafers. The cavity also includes a
bounded b tae lepstaworgrourgiildadstor @nougibhqles‘r fatF interdedito feeeweground pins

rin, S Hb A PB4 8 b U ShER Rk o a i

pin to grm{d%o?erﬁl%@ﬂﬁ@‘ kddudinl F)fher Erenned fife msighel drBotet st (Sﬂlﬁffemn’dal pairs
he ground term nal insert wafer 322 left in place.in

will be cblhpieci: tovartopher Bifsrertial $1Enal$’ﬁKaT]@§ cirpeit Bpgjf aTrangsmenhRyinimizes

cross talk gﬁs\%tgn é@%‘ﬁer{tﬁﬁpgﬁwﬁ p%ﬁ%o nl\jt at t}\ll\%gl%)cglﬁrbg)gfgﬂgf %ex%%?e £l ground

termmalégg)?tend?tg% i et iR0R badri gRe @n&%rﬁﬁhs@ agdh diffeentiflrsgadbpade,
or wdthw se, as shown in the other enbodi nents and
Additionaily the gsped tertmnalhef the n«mx@@m s plebe prvapiien ae gpmmgped together

B

signal tefiifal @ the R&Arbdt %ﬁreﬁ@o&ﬁtﬂteﬁﬁﬁﬁl et eFath @iffefbntial signal tail portion
engt hwi se, or edge-to-edge with respect to each

hole is a‘o’(hh @pex Whar Jemmalmetr@oghe ae Whymljrthﬁ othst gizcsﬂplce&?s% jorged by

lnterseCtm“g 1%?% ra?v% J[h?on&’t%{é\? %% f)l %ﬁlgh@g%%fmag%%l ar e g?lééj

arrangerﬁérR lﬁxxln%gﬁ@lé’fﬁﬁ FIGNEL, Q\fhe?ec‘ts-lg’rfelﬁ'eg’erﬁéiva §(51§ilt\i\fb dlffeIEhﬁ:‘al signal
V\;‘II ch is offset fromline of action A- A

through hblefoé mabing] pdir anl ‘Shyteprotnige me@r@shffcuq@wtstgnah@mh hole of
the reason why we refer to

t 90
ot sire g R st e eSS BB TR

e eflludeRirioShé Qerdithn anti-
b B B i

pad styld: blbélﬁlﬁg’ it eegroomplard lapér dftilee cisvunt vatd] theliFlkmke &histiha top plane
termnal pairs in Fl 17. .FI an view

view angt g Emab ARyt VEn i3 ey Har R ot 12

The mgr?ag E}%g 3%60%%%ngg? [ e ith @é?ch(b@ﬁ& k&f‘on%ea%rhxisrLfl Bwvo bt theesi’@ﬁl vias 113

or a signal pin is closely bounded by a
are clos¢1§@piceti o egrhaiing tb éachsa pair ohdifaghtibicigsl viaad 14 pad so

i ntended to receive gro nd pl s th That 12
accommerdatoebe taHh nestions o4 g Y g\&%ﬂnafhﬁ.rﬂ@a%%a@a% are
fe if@hk the signal
connect?#lﬁ)gtthg % dﬁﬁ.{gﬁ rP?ante 19 'inaﬁﬁ ﬁ}egﬂgi!ga Q%e{}hé%d’zr%&%%gl @gﬁ%e ak | the signa
via pair@f Adiahfig@nt 6 ahayed insluded indthicufiied” tdermmotnerea in which the

differential signal pair. This circuit boar
conductaxrerrawg@naethat ot W 2680 1R GG TR o R Bpiging igthese open

areas ars gmﬁ%rug dug‘[nJeg’mgQ 315 2nd BfentidsGHbim RORIE 1|2ea‘f§hve 4184 @nd take a
polygonal shape, and are oriented as illustrated so that one line of ground vias (that shown above
the top row of signal vias in FIG. 12) is proximate to the sharp corners (90 degrees) of the
openings 116, while the other and opposite line of ground vias, those shown below the top row

of signal vias in FIG. 12 are spaced further away from the angled edges of the openings 116. If
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termnals extending into the circuit board that
enconpass each differential signal pair. Additionally,
wo bwegysehd term nals of the connectors of thePCT/US2006/006110
i nvention are commoned together near the circuit board
| evel and this commoning bar also provide a short path
the anti-fad@Fudugt &1 te entiditboasd 9ol squareatizk than A eatagenstbs ground vias
reference ground termnal set. Each differential dered
would beslogated proximnatg she ¢asperpof hejagtipady ﬁ@e%?pﬁ?&u viggmay be considered as
. imaginaiy dria ' ] | = ctures.
aefinng pg Ay it SRS b et e, Sl e Bruonur
FEt OBER tan BhBWE degfilviealof babltigpaftthocirdvil lesrd JHEIE. 11, illustrating
arrangement is shown to the left of FIG .11, where .
another greurid plepe byerand signshiaqeirowte ot sasEnetion sWabls dpr W Mithyn
hol g, of a si.gnal. pakr St ore K :
conneetci pf 0P @FepSy HeRioR T PoaaEbar s B R ARou LD PRy FlG has
been spiR Mo T oE@rﬁﬁ@sS, @5 ehiMshish gtadnpakies ugnglodigsml via tlhef a pair
circuit board. FIG 12 is an enlarged de%all view of a . 190
114 of diftereritiahsighalfvfias, 1131 Thietyvo eperingsiyl oaree ik by e thig exirpign §irp

t i i ; . .0 it
of the el ot Bap o & AR EBGeq GHC pinit AT
mbﬁmﬂhh&%é%ﬂ esingé 1@l through holes, or vias 113 and

ground through holes, or vias 112. The signal vi e
Thercmgi drapes thatragitihe siged gtpsdtlpare &%@nﬂa%tﬁ%mﬁa- %oTheY

) f the signal ,vi 1 [e
vt i PO 2 R PR 0y, T
portions®dlj Bda6 FRETRERD&HibRL] 10athht 0l b oftsuiobodrth éaysi yniineath (or

termnal insert wafer. The renainin% vias 112 are
above) thogroeod ethne dayieh &1 r Bhasel figtt Rpsionsasshawpradend hegeath the center

.. also r ed inr t ha [ [ I I,
Ny
first pmfiﬁlflstefzsz d1naRerdbcesiwith ik olitet Bles Of iectiiy @20t ¢lid iaher edges of the

a

forms the ground plane 11 has been repoved,
two opeRegail hémon pppashe sidenplcthe tripdg0aSeceramdRCtEE et &3 are

rings 115 The.openi,ngs.sh i 3 . :
shown Jmn\c;g I%f"hag'gstapr?&tl?rgﬁlgb g%% 8¥ey581§%3|6§§%‘g§i§, a:gar? dgnglre etheleto. Third and
fourth pBFidR8t 88 BS drb bld§ jdiaddd thOsdcbad amhtiddipoetiafs, gsmetively, at angles

vias (that shown above the top_row, of signal,vi?f in he left of
so that e GreuiRirades tqndd iferbave theutdi sonfigiplieneligs epgupg [16a on the left o

.degr.e e.openings. 1 \whi foarticul
v seiSEALBTRG: P S0P BB e Wik SRS sty o prict
conﬁgu}a@@n&@%@‘lewiﬁnal vias in FIG 12 are spaced further

away from the angled edges of -the openings 116. |fthe + will

Wttile-tagreftrradomuodiroénts pethe iimention Bave kpepshevi grrhdescribed, it wi

rath han nt agon,.. t.h r Vi
e ope ST b S AR B RSP LGRS RS OH. Py a0
emboditHeAHFi R e pRinPRoMARS iiaT ethasnvdatiomithgscape bfradichas gefined by
our-sided figure, the perimeter of which encloses the
the appemted-cpramhsst ruct ures. FIG 13 is an enl arged det ai
view of a portion of the circuit board of FIG 11
illustrating another ground plane | ayer and signa
trace route out construction suitable for use with
connectors of the present invention. In this
arrangement, the pentagon-like opening 116 has been
spilt into two openings, 116a, each of which
enconpasses a single signal via 113 of a pair
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114 of differential signal vias 113. The two openi ngs
116a are spilt by a thin extension strip 120 of the

w@e@anoispd ane that cuts across, and preferabl ypoOr/E806006110
t he opening 116 into two substantially equal openings
116a. The circuit traces that exit the signal vias 113

What is @a@médi@n in phantomin FIG 13. They include flag
portions or the like 121 that extend toward each ot her
fromthe vias 113. Those flag portions are joined to
first stri ortjons 122 that run in a circuit board
1. f}% aﬁﬁ&8§ﬁ§§?ﬁ'(or above) the ground plane |ayer

111. Jfhes@tivehotsip@rihé BRsingdavigawmatigxfaentbrloagmmgwith an
the center bisecting trip 120 and they are preferabl )
opbosimgebnmeetar, tahd agequnping faye $oF mw&%ﬂfkgﬁge BRRNSFLOR fercyft board;
the first portions 122 align thenselves with the outer
a@ﬁges of the strip 120 (or the inner edges of the two
openigNdsrafi QRIERRO $rirnald dpponéd inhthe dbudiyp, HROerminals being
Second conductive portions 123 are shown joined to th
aftiangad iptor sefsoafat 12t engdakiod diffrsopiiab ilgéﬂd?%nﬂf‘ aggha My ngmund
t her et Third.and.four ar1] ;
g o e ReLERS R SR RREbhORR Sk AGR AL SofleER mating
fade AAThPPoRdns At etBRl SlbAEthelcohnicdar Ind @it favefant body portion
the outer configuration of the opening 116a on th? o
thefinteronnésé the qongact 2@l fepmippigortians toggther themgirgyf ddferential signal

t hes ircuit tr S.a nd.. [ .
T 5 bt PP 0  r  ppes ronsi
Rp&GET &hpaab setvvAbSd @onthétottivns BE s4ia pai\oe diftetinhsipm]

and described, it will be appreciated by those skilled .
terminhle, andithe hait oﬁﬁéﬁwgala%@aﬁﬁ@mma&abqwéﬂwyd Blthig épal portions

to these enbodi nepts w thout. ] tr. . Liq t

e TMEI PO CLE e e ol iaf BEReEh YA RO GReld

APeRAHAd &ladicmmindat is claimed is: 1. A connector,
conprising: an insulative housing, the housing having

a mating face for engaging with an opposi ng connector,
nd a unt i face for unt i pg-. ’ :

2 B e 3 R G AR b  sporc
beiineahSySHRRP hh®shid Pait Bﬁ%rbﬁll}@teﬁﬁinald‘ie stipfontied & $wo other
bei ng arranged into sets of at |east one pair of X
wistlatyewefers, os¢ yatdr sepnomtingd gnglp@ne opsid gopng amipgl pair, the
termnpals, .the termnals hayj t i .
R bl oh g e S0k ABe Y TP SPGB b4 PPl ifinal water
portions that extend along the connector nounting face
and body portion that interconnect the contact and

3. The commettopof ¢lriom2, Woeyeintsaid signabtepainel wefegindiugdeg Hrst gnd second

AT AR NI T A e

second half supporting the other terminal of said differential signal pair, said first and

second halves spacing said differential signal terminals apart from each other widthwise

relative to said signal terminal wafer.

4. The connector of claim 1, wherein said terminal tail portions include compliant pin
portions.
5. The connector of claim 3, wherein each of said first and second wafer halves includes a
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6.
5
7.
8.
9.
11.
5
10

capaci tive coupling between said contact portions of
said pair of differential signal termnals, and the

wpaios/oofs9xli f ferential signal term nals bei ng aPCEHON®A6/006110

at their tail portions edge-to-edge in order to effect
edge coupling between said tail portions of said

pHirdifte beRbihaind Sogthas i Afematial $ashibn altrey wtthoembetor wbunting face,
claiml wherein said pair of differential si

nal

liceteeth nad sotchesdheipmiurtbar Byanaed foratarih Wij cyehratfersHeh tat e tecth

ai.r .of ound term.n o e h
ok O TR by AURISALES e S B, nd
1 SBath GEOUNFafcl hATF BR) re@avdd, witliia tigy wutcicbstoé saitl fiast wafer half.
waf ers bei ng di sposed exterior of and adjacent the
signal termnal wafer. 3. The connector of claim 2,

erein sai.d signal term ri-ne b p S nal
HEEh SR, S She LI PR o b et S
pafr s8hdld QiithireleDiebal osd @Ralnapailfposith dffseidsditferedtidiaidnal
supporting the other termnal of said differential . )
teingna Ipaipdeng held withinrastoothrd saiddbpiovafan Radsandshe phgr tegpipel tail

e e R B
wie: e@nnector of claim1, wherein said terminal tail

portions include conpliant pin portions. 5. The
connector of claim3, wherein each of said first and

econd waf er. halves . ncl udes I I : : :
R

SO EAGnFIASE pottias eshils andometiciRsrdehaginidgidanetines are drawn
arranged to interfit with each other such that the . )
inetohnofinganid gt tewaier i apfiions @aida b PRRIPINOF Fith diffpgential
not ches. of sajd second waf.er hal. . :
856 k53 hitaf SREPeaiRlh a dRlibsi? O il Bedehlht Bl
of said first wafer half. 6. The connector of claimb5,
wherein said tail portions of said differential signa
Tler cinnedtomaficlaiar B vherein i igeemetsic digueseis B, fovnddee g fral
tail portion of said differential signal term nal pair
being held within a tooth of said first wafer half and

The.hb&sr dldhimlwheddih sPiarirstQnd @écond ivehfeli fal s émdlnde channels
signal termnal pair bein? held within a tooth of said,
Semod thevead grat trerioise stfaceh el sadhisemingls teRire thegrghy £reating an air pocket

urther .includi.ng.a second pai,r of ground term nals,
é%%@ﬂb$ﬂ%ﬁ@&F@PﬁFﬂ§WﬁP3FFﬂﬁﬁﬁ¥%ons defining a
geonetric figure when imaginary |ines are drawn

interconnecting said ground termnal tail portions,, .
Aadituit Abdrdfor yseovih atommtigr earfyieg anferentiaksigps, comprising: a

I
WhRel@id sl JoaRANES hi & hhlgltical doftatrwish sleshducguy erminal tail
portion inserted therein, the openings being divided into first and second groups of
openings, the first group of openings receiving differential signal terminal tails therein
when a connector is mounted to said circuit board and the second group of openings
receiving ground signal terminal tails therein when a connector is mounted to said circuit
board;

each first opening having a pair of second opening associated therewith, the first

opening and said second opening pair being arranged at apexes of an imaginary triangle,
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12.

13.

14.

15.

16.

17.

9. The connector of claim3, wherein said first and
second wafer hal ves include channels forned therein

wao bab/ogpspose surfaces of said term nals to ai rPCT/I82086906110

creating an air pocket between said differentia
signal pair termnals. 11. A circuit board for use
Wb bhsadd GROBREIQY beiagd spacedapstirf frementli athersingradiigaed with each other

conprising: a substrate, the substrate . incl dﬁn a . .
sydhythatl saidytwoffirsinnenings aregiontrinadHBiin & PeHmEh ,Ls\s ql%glgy imaginary

d ncl udin | & orti 0..as: make el ectrica
1188%?%6%%@?%0 W%Fvgoo s ﬂscéf%\gléoq%eo %ﬁlrr]lgg tail portion

i nserted therein, the openings being divided into

first and second groups of openings, .the firstg‘)g:?rougrr d
Toe copahbergs of deien ¥ iLryharpinfsaiddipipaits ef gHsand PREHRET e arranged to
tfxi | s .t herei (%1 when a connector is nounted to said
defipedfersise #8Hi%a t he second group of openings

recei ving ground signal termnal tails therein when a
connector is nounted to said circuit board; each first .
Thweircnity bord phelawn pa; wh@f;u@@@owgs%@mchﬁiega% §%‘Eé‘§f1¥%l ayer having
therewith, .the first openi ; i.d.s ' ;
e i Pl PR STLRE SR SR AR pssing
gﬂ@ﬁwgghgmk@gngg said first opening being spaced apart

fromeach other and aligned with each other such that
said two first openings are contained within a

eri.net er def.ined.Qy | magin L4 LNt ' [ ;
i Poufpr SB88 1" BHERTHAL LopihOiE 1ok BRSREE pAbagAi s sad
18050 obbninp R PIald SRbAd bpehiRi definobn fragindy ppemictey that
are arranged to define a four-sided figure. 13. The
ancompassesraat ebndfctiied byar PPENIp&er ei n sai d substrate
i ncl udes a conductive |ayer having at | east one
openi ng therein devoid of conductive material, the

PREGIE bBRGYTRASSI 11T whaieth a0 cdrdustivepgatiopgsing 14a fiTheided
circuit board of claim 13, wherein said conductive

fiyrer openi ng enconpasses said two first openi ngs and
sai d second openings define an inmagi nary peri neter
t hat enconpasses said conductive | ayer opening. 15.

fﬁ@ciféu[t%htd Jrean@ 10f fgkik Mch@ingberietendsaiive stapadd digides said

ayer opening is a five-sided.figure. 16. The circuit
todndiveflaysk apeniglintd twe Ber-opaninasdiash SEb-PRGTANE BRQPEFTRE 2

strip which, divides said conductive | ayer opening into
?R@ﬁQB%Qtﬁﬁ%ﬂﬁ%ng%%§h sub- openi ng enconpassi ng a

single one of said first openings. 17. Adifferentia
signal insert wafer, conprising:
A differential signal insert wafer, comprising:

a left wafer half including a first planar spacer having a front edge and an
opposing rear edge and opposing top and bottom edges, said top and bottom edges being
orthogonal to the front edge, and a first signal terminal fixed in the first spacer having a
horizontal portion extending from a first point beyond the front edge of the first spacer to
a second point in the first spacer proximate to the rear edge, a vertical portion extending
from the second point to a third point in the first spacer above the bottom edge, said
horizontal and vertical portions lying in a first plane, said first signal terminal having a

first offset that extends from the third point in the first spacer away from the first plane in

a first direction to a second plane parallel to and spaced from said first plane, said first
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18.

a left wafer half including a first planar spacer
having a front edge and an opposing rear edge and
woppesrsgs t op and bottom edges, said top and bPECT/U82006/006110
edges being orthogonal to the front edge, and a first
signal termnal fixed in the first spacer having a
oft9¥tipe nAdx tdpaial WrEve @R dastghé bewora edger sfithfitshspasey/iordid
the front edge of the first spacer to a second point
s¢aond pbangj amslt spacer proxi mate to the rear edge, a
vertica oLt i ext endi M 3 ¥ oYo)
R
spRkAnNRRd Z 8bhRldgaBaq e b?p&saﬁg 1ar ddgeand hyiingopposmgftop snd
pl ane, said first signal terminal having a first
boftbmetlgesh sid topranddtpmorzen being PrhogRoRHo theTpREdep,and a second
spacer a fromthe fjrst pl i N .ayfl ' | :
sEaricbutnsane pari figefytiRybdsthblfopl foARHpRding
ek § xR pBRR byt dhd frbStedlst H€thepesdndapacx temsicogd point in the
domnmargly past the bottom edge of the first spacer.in
seaind spawo pubxphataéo themdar eslge Péale seeemdspReerfa Yeratal Refioy
to said left wafer half includ
cxradii T g oot e agird i Be SEERESHREAIRYe o botiom
AP PR IsBDnA @g&_‘éf, REidtHRizaAE] ARt it dgtions Baglintagecambiplane
bott om edges bei ng orthogonal to the front edge, .and a
peetiohtd sidghsplaced fioimtae firstadens; paid preosd signel tegapdlhayig a second
Vi a_hari.zontal. .port.i on extendi [ [,
BB Syne FERCLE T PUER B R0 Bl ARG spognd plane
i 8 GROhdP G- ioh o tHR&e&RIGHSheS PAE 8Ecopt ORbeTR0e droexitdialing
rear edge of the second sgacer, a vertical portion
dwtrevaily gastrtorbattemn edgecrfdbpescand spacer infspidgespsidplangput laterally
.he second spac above the bottom edge of the second
‘%ﬁg@ﬁﬁﬁk§%W&ﬂﬁ8%ﬁ?éﬁ%gﬂx) vertical portions lying in
a second plane parallel to and displaced fromthe
first plane, said second signal termnal having a . )
Eeodiffdreofiflsegnat wafer exerwdslaimdm vherehrpidiisgbpibtet pprtioggnd said
second_.spacer fromthe secon I | .
B e
é&ﬁgﬂémpﬁ%ggpding downwar dl y past the bottom edge of
the second spacer in said second plane but laterally
di spl aced fromand the first offset portion. 18. The
differential signal wafer insert of claim17, wherein
said first offset portion and said second of fset

portion that extend past the bottom edge of the first
and second spacers are conpliant pin tails.
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