TRI ANGULAR CONFORM NG TRANSM SSI ON STRUCTURE
BackgroundOFf The I nvention The present invention
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systens, and nore particularly, to a dedicated
transm ssion channel structure for use in such systens
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approaches utilize, in the simplest sense, conductive pins in a plastic housing in order to provide

oﬁ systems and

a transmission line for electronic signals.

In each of these type constructions, it is desired to maintain a dedicated transmission



uniformty within the system when the transm ssion
systemis constructed fromindividual pins. Discrete
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and load within the given quarter-inch. It can thus be
seen that the evolution of electronic transm ssion

W@ re0ao6wees have progressed from uni form struckCr/E82004/043977
arrangenents to functionally dedi cated pins
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maxmmzerthc:p@ﬂ)rmanem These type df systamsnilbare @m@d veiBh despact/to attaining the
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The present directed is therefore directed to an improved transmission structure that

overcomes the aforementioned disadvantages and utilizes grouped electrically conductive
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channel that is simlar in one sense to a fiber optic

system The focus of the invention is on providing a
w@oivploetoe2 engi neer ed copper-based el ectroni ¢ PCT/US2004/043977

transm ssi on channel rather than utilizing either

i ndi vi dual . condugti.v i ns separabl e interfaces _
clemen ip {orgpp HBHATY SR gl straglve flat Pr%ﬁ i ASYHCIE ﬁﬁ?ﬁﬁ%frl? fransmission
channet 8t & SBRFHiS 3%? Ebng%]@)nepﬁﬂ)e? o?{ic LRk NYEOE] 8O Hin€ tVeifon is on

nore predictable electrical performance and greater
providiagatcbmpletd, eagiaeatd coppler-birad akctieonis tiansnisSon bhanuplrrathetthan

systens of the present inventi

f n.are believed to offer
wtlizing Rt g AP RGO RS GR & AP ATHCOBPS QORUChgs as the

T i N e
electri@Ep@farinanty feltgredtert doatrpl efopatatibiml @hidacteristizsp Sasti mepraved systems

engi neer ed vvaveglui de that functions _as a.groupe ..
of the prpsentimvertiaraie beliqvad fo Qi operaHBS FRGeRS fardligitabsizag) transmission of
t iel ' i .
0 o8 L L OB AP 828 D8

sHEéRERgIN RIS Eenef @bt ofahy prberdinviehopiogaenide an engineered
invention is to provide a high-speed channel link (or

wavegtide fohfunstions 4Siar@9PH¢é\ﬁ1¢¥@)enéﬁh3@p@ﬁ§ﬁ% alretsdhy lipl inciulss &t
o By B LARTRREE T g 46RO REHE  HOA0 f e

exteriorBE-ddBehdrédtk having, in its nost basic structure, two

conductive el enments di sposed on the exterior surface

t Aaptber objedief hearesentinyentiog ivfo rrpwide ahigh-sheed gepnaplliygk (or

and oriented thereon, .. 0si td.on to C .
ransmf33p 3k SR H b BORIR! oy W ER Tl e bt portion

being foth&HEbmtd Eelletthik With £sdlethddi déledttlc parstant, tnd thelisichdvigglin its most
and magnetic fields between the two conductive

basic srhetmeentveo eondlugiynelements gispered entheexieriarsadagpibercot Hie elements

. length of the channel.link. A fur r...0hj e Q
being ‘if?sé‘g@?ﬁsqene\? SBf ena“psor'tegéeggrh 70 H’t ‘rng’%Flﬁlgg ag%cg Oo]%etr{]ﬁi)eas to steer
the ele6thidflN@brdyi Wi elibavsitiglitdugh the 1sikziyngtdbliehia @ pattictiay electrical and
el enents and the gaps therebetween on the exterior

magnetio fitkls detofeen e mlomegdeaiye ssmentsendansingininghesmitdds Hroughout
upb nced el.ectrical & magnetic fields. Yet another

the 16“5@’] %Jéﬁe ‘gtfanflﬁleh"g(r esent invention is to provide a
I Kpﬁlﬁ}i&dotﬁé& oF tHeGbschi i 0&EM0E $ toghenheimpdiahcd sftheidigmnel link
a flat substrate, and a plurality of grooves formed in

by selactively shbastg the eondudveelomets arhihie ggpoibptsbpimges padiggxtasior surface

nd th oves bei,ng spaced.apart I r '
ofthe et AR et PSRy ARG it 4 pERRE elas.
ot Methar SSBEWTiha/stesERt RivhRlonde ROSloVRI alihpr@RH elddtual
as by plating or deposition, to formelectronic )
transmiigstomsainesil dhat giedusdes b lapubsiicate.tand agiwelitof groayes farmed in the

furtiher obj.ect of the present i.nvention.s t A
substragé She Blap A e Ay 82 SR T Brod Hend BeB ittty
intewéi’fin%ﬁﬁﬂ&i“&tthé’ SuRESRERE Sidewallfithd ZREvEChaRTRW Elductive material

di fterential signal o
deposited thereon, such as by plating or deposition, to form electronic transmission channels
within the grooves.

A still further object of the present invention is to provide a pre-engineered wave guide
in which at least a pair of conductive elements are utilized to provide differential signal

transmission, i.e., signal in (“+”) and signal out (“-”), the pair of conductive elements being

4



transm ssion, i.e., signal in ("+") and signal out

("-"), the pair of conductive el enents bei ngdi sposed
w@eoosheroext eri or of the dielectric body so as POI/p&I0N#/043977

the establishment of capacitance per unit |ength,

I nductance per unit |ength, i npedanc attenuation, an

disposqsy A SKICHAT a%ﬂlagheﬂ%iéﬂqhﬂdw sp@h &R el sstablishmeny quapaCItance

e 53, P 5 PR AL LGETRREE REAATEH S 4 0y o

unit ledgtli tahe lestablighéig tbsetgre dpteap@bd periMaiinc®parametets Witldi itlkechannels
an i nproved transmssion line in the formof a solid

formed hyrike cmdq@tiw @1@@\1611‘59 uni form circul ar cross-section,

t pair_of.conductiVv C
chab et PERI oAt Riseb R tnde Sl vl Bl ansmission tine
in the BB ©F kis6ld lliﬂ@\b&‘ Iﬂéf&ﬁl@l@f'ﬁhﬁbﬁﬂ cntchﬁlr kiR sédtiohUdk BAk Bicluding at
| east one thin F lanment of dielectric material havi ng

least a paip oL eonductivoderents dispesed ithapenseibiat denredoguideltke electrical wave

theroth R B RHAIRE O RO i Bl bR et hapdpg tvo

conduc®b ShtiSoes Hﬁﬁoé&@&‘l‘i’éﬁ@éﬂ e c%ﬂﬂﬁ@ﬁ/%%uﬁh'éefs Refend@k Mhgthwise of the
separated from each other to forma discreteée,

filamentwod tremaind by hemeindussfetsntialracuatd extérds, thechndestiversarfaces further
rre t. | oo n.which the sig conduct or s
being iR gt PPOTG LA RG, P BRI TIe cﬁannel that
reducePtRTBAEnt 1BYF Qﬁd fﬂ"bvl'l@h bR S%ﬁyéd}'ﬁu&oﬁoﬁe eidr& HER Ly ali
transm ssion line for high speed applications, |
| Yiet lanolber eljedlof Hipatressnt i lamratmguts tor provids qmnsnmtulst wutsmigsion line

e B B e B Hob 6 Mo be 3350y Rt eric member
havmg'ﬁﬁ@%o& Belradivheh 2 10881 fouPlisGRR @é’&&l‘s L&rmalesn, 3hd GBREric
each other and di sposed on two of the sectors,

membammctledlsg pariitof doglpctive ¢lementy ehigmeg vgidt eash othichn ancbdlepmnd on two of
nve 1on acc IiE&es the above and ot her objects by

the sectqrs.; e&FP’i‘IPQ CSPPIECHT: 1n one princi pal

aPReHrlesedt M REES E&Bm?ﬂylﬁa@ hgbovBGhdBfRr &b Eét@’ﬁ% Vﬁﬁé loP1ts unique
linethat is forned froma dielectric, throu ch

structuom ot jonirscial espepla dedresedt mwcrawgledclndemmmnmstom lmh ghat is
ore tl ane tr] a ar .conduct or rn of
formed i GO s ARG Eeh VD Sra s ol b isfed Buegpform to the

aforem@ﬁ'ﬁ&feﬁrﬂn&%u%%@ﬁﬂﬂc’to?'ﬁﬁﬁer@bf%@ﬁﬁd“ QotilRicR! TRL HRHESar "triad”
using a slot is cut or fornmed through dielectric. At

condudtdrepattom ie dgeonyflisketby spadiegdlie ¢lbaraleotsiagd sjotistcubort feimed through

scobl TR e e it O0 S B Bl condilive ey Ll
conduc‘?:iQfQ %h@éria‘l & dBb&tdaaln éaéh ﬁ@@ QFihte %Q)t a% Ehﬂ?stﬁﬁ bf Qé'ﬁdﬁf:tl\;ehﬁatenal is

slot. By sizing the depth of the slot
deposited an‘dmb@istorm)ﬂthmﬂot: d3§dsumt1g Iﬂ$ ctdpdngld Wirltls bthe slot, d)lp: transm1ss1on
. e sa bptto reci sel rratc dtot
line copg?t?cg @i sﬁ@p ﬁliﬁ-\; tﬁg} c|: Weaqeﬁy %tc (P to the

triangu®4?'d é{ﬁﬁé’ﬁsed%f vﬁzﬁ{aﬁ? 'm'ﬂ;g"thg@' dnBR&BE. S8y ﬁﬁtdhir{éech§ transmission line's

conductors to a connect or, inpedance
conduqﬂors toat'irmdl tomsctat, 11apédamcadﬂ’sc<nﬂ)mu&res et 4 ttriad’sernasditariransmission

ein erf ce can. be reduced or elimnated. Brief
line inf %5988t coriterd ohdiming ngs J

Brief Description Of The Drawings

In the course of this detailed description, the reference will be frequently made to the
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In the course of this detailed description, the

reference will be frequentlynmade to theattached
waele@dosms2 i n which: FIG 1 is a schematic pl anP@i/es2004/043977

the term nating face of a conventional connector; FIG

2 is a schematic plan view of an edge card used in a
a“aCheﬁidwlgﬁénglE@Hnector; FIG 3 is a schematic
vat | : . .
e B R
FIeUPRG sehan®id plehaiewalf ahicdie card sbsdintaddeh spead carmgatoce
wth the principles of the present invention. FIG 5
iFdG a3 isarfehemptic denptional wigy OE nblegspesse@nardiratiflizigatrad or
trinle: link of FIG 4 illustrating the arcuate extents of the
PI% conductive el enents and the spaci ng there between;
FIG 4 & d ferspebevesaOR b ¥ grdﬂlpe&\/eléfneﬁﬂc}ﬁhﬁﬁ Nid&tcenstructed in accordance
enbodi ment of a grouped el enent channel [|ink
with the priseiplgs pEdheipresgeicayadiae with the principles of the

segnt invention. .Fl 7 is_a.sche i i f . .
HEE Rt g B e g SudgRiOE b ball BT, 4 iustraring
the arc&ROBEE1Ls 8f HRWbAAcNVE BlethehRadd Miavdpating Meps badeat,e | oads

on the transmssion link; FIG 8'is a schematic view
FIGab isovpraspeotivestiewofian alt¢rhiteiempodimant ebhgienpedblement channel

. contact.s "A'. and t transm ssion lLinks "B of the
tink cofiigisRA 5 Aeor P i S pR B aTr St BE pib P lveBiofn  anc
"G, 1 et RBmatid 1ieRtoratitaf8ntskion Gk OF dR1EEseAf ink @HbALBETH connect
in the respective systens; FIG 9 is a perspective
a sourceivéth wloadhaving erterarediatednads aicthi tranghission link of t he
invention.with a right angle bend. formed, therein.. FLG
fg&i glsaa %@%%‘f Ylgw\;)? 8’\)\310’8]?&530%6?%?1%“@@%18% b?tgr?gnven‘nonal contacts
“A” anHihd trsPikstdgidids B8 0P TheliRPenBbASSIh ehiRBMHERI poftiokss atl9A” and
is a perspective view illustrating alternate nedia
“B” thereofpidsistratorgshe beaukrendd oflisdustanch én thavespeétvn systerds;G. 12
i.s_a perspectjve view of . an array of. different,h shape .
gloge Babieetouruotaf S idiotpha fECH mEaRER G with o
right assBiE bAREAREPRGRIBNt S, FIG 13 is a perspective view of
an array of non-circular cross-section dielectric
3G E@istaabemetic iew 0f e dransmissiomling ntikzing theimks of the present
, invention;, FIG 14 is a perspective view of another
m"entlﬁﬁ ay of non-circular cross-section dielectric bodies
SHG! 8P}s& JbpeliSR Asw illubkatifd altddfatt MEANdoRipositiba ofkRe lifiks of the
an expl oded "vi ew of a connector assenbly incorporating
inventianyrul ti pl e el enent link of the invention that is used

t rovide a transm ssion |ine hetween t nnect or.s;
F%GPIZ }/s a perspective \%ew o% an array ofe le erent ﬁlapes\/\(% d‘l:éfectrelc lt:)ociles?

illustrating alternate conductive surface arrangements;

FIG. 13 is a perspective view of an array of non-circular cross-section dielectric bodies
that may be used ;co form links of the invention;

FIG. 14 is a perspective view of another array of non-circular cross-section dielectric
bodies suitable for use as links of the invention;

FIG. 15 is an exploded view of a connector assembly incorporating a multiple element
link of the invention that is used to provide a transmission line between two connectors;

FIG. 16 is a perspective view of a connector assembly having two connector housings

interconnected by the transmission link of FIG. 15;
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FIG 16 is a perspective view of a connector assenbly
havi ng two connector housings interconnected by the

W e@smeiossi on |ink of FIG 15;FIG 17 is a di apCEIRADS/E13977
view of a transmi ssion channel of the present

invention with two jnterconnecting. blo f orned at
EMgoki & dipmrampptie RSPl RRSTaSH qh?{arﬁ P ihierpaesmténvenﬁon with

two 1nt§r%%1§1¥kéc%ﬁ% llfo\klgsxii(l)%g\cll g%?%ﬁge?{ngé Bg%he &Kﬁﬂee; %{nbi 1|11§§t§ttm%§hé Potential

flexiblegatbie@ftiadndéioact ri ¢ bodi es that maybe used as I i nks
of the with different |ens characteristics;
F1GetSisaqerspectipesiiew ot an At ?fpilﬁemn%%ﬁweérﬁwlﬁmc bodies that

f t . Si nels formed
may b q‘ﬁ%‘? g% ﬁﬁglﬂw&t‘ eh‘ﬁgh dﬁ%rgrﬁé?@ nglt%t\?lgg&gew of a nmultiple
FI@NBIMsSieBdpeltivekyi@x of 4 sidiiple &@eknisibhEnk BMaRidnOfith different

FIG 21 is a perspective view of a mating interface

 signal cheagelnfarmed thfrensy et e transm Ssi on link of the

Kot b ertrR 0P s oSl BRE RO RefiEhhe

inventibfte endcap of FIG 21, | I lustrating the center openl ng
t hereof that receives an end portion of the
tHlanghisagiestpertivekviewof aimpting interfaeg ysed with eslitcagte transmission link

of the e in g PRSI s R T Oma SR gpdceBint act s

5511@ 224 o r%a@e@ép@awe B¥ OF 1R diédp dIFGH zanﬁﬁ@u&ﬁhgﬂleldeﬁﬂer
ri ght angle, curved connector assenbly, FIG 25 is a

opening éresend ¢hat veceivieaan efid portigh péthgdraesroissien fink thessinof one

ation ends of r,a . .
et 25 AR BB G o it i IR L S RER i e grientation
of the dx@drid#e6nthétsconnect i ng transmi ssion channel |inks of
the present invention to a circuit board; FIG 27A is
&6k 24 staplapwiewpdativiéiple teansoission dink aighb atale, cotveftc@mector
6 illustrating, in phantom sone of the internal
ntacts of the connector; FIG 27B is a perspective
HIGVW 9fs o fi@spebi®I Vi8k of @Hbﬁé‘rhat@%mbﬁor%f dRQ e eRRIn M on ends
of FIG A with the sidewalls renoved and
0fthe¢0mnc5§¢>rr3§ti¢m@y;t he structure and pI acenment of the

TP b R sl Y Breonregor itatfe B gt Bansmission
channe? BnkSofithepRednt idvefiior® 4 éirc'@utﬂ)%ﬁﬁ?e(?t ive view of a

pl anar triad slot transmssion line in a dielectric
FIG. 27A is a skeletal perspective view of the connector of FIG. 26 illustrating, in

assemb

phantom, some of the internal contacts of the connector;

FIG. 27B is a perspective view of the interior contact assembly of the connector of FIG.
27A, with the sidewalls removed and illustrating the structure and placement of the coupling
staple thereon;

FIG. 28 is a cross-sectional view of the connector of FIG. 26, taken along ines 28-28
thereof;

FIG. 29 is a perspective view of a planar triad slot transmission line in a dielectric
substrate; and,

FIG. 30 is a sectional view of the substrate shown in FIG. 29 depicting a non-air

dielectric filling the slot, the bottom of which is metallized.
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substrate; and, FIG 30 is a sectional view of the
substrate shown in FIG 29 depicting a non-air

wale@smetovi c filling the slot, the bottom of whPCHUB®04/043977
netal l'ized. Detail ed Descrlptlon O The Preferred

ordance with the

i
T LS 5 A o 15 S5

prmcqut;f thd prepané frveatidny  Iacanybe secn thaatheﬂmké@encbluddzslmtelorgated

dielectie bpgy 51 HEIPIBb G AGE FRh IR0 i B G 2o legi of fiber optc
maten%é gtl' cgffgﬁsﬁﬁ?rhﬁgm%ﬁﬁt gi"é'lftﬁﬁ @%@gy s%‘%ﬁil -gﬁ’#lﬁger&[ @g?g%ﬁéé MY a

I'S regar orned o
dedicatbddiagahsio neddéc tin itltns bepid) thecboslp&ad i formed ef edédhbaied dielectric
constant_and _a plurality of conductive el enents

havinggiperidlg dighestia eonsiept C mdcaplusplifiRd apndygiive climeniét %@phed thereto.
In FIG?I ZOEDS Sth'é_’ g Iﬁﬁﬁtwel %gﬁ&#?tjf gr qf ﬁa?éﬁga@t ?&gﬁ'f&l REeHits traces or strips,
races ’or S 8 ]fllve mat er I"a (5:

52 of ®uéiictive lﬁﬁﬁﬂeﬂmy{nd} as blidhdlitlel; anglbeaaifthalodoppecai pire@oumhahl extents
extents havin g a definite cross-section that

havinggdefivite srosgs ithed mpybgapplded grlmherygse@taggﬁqle gqcé@s by adhesive or
other r%]arﬂg to El%%n?i %B&ﬁroo&"rtrg rﬁg 5(2 CTlpegﬂ%{ 8?51%‘% Q{E&r gé 8%@156 exfcenor

surfacé ﬂﬁobtﬁhd %05}15 B a8 by E}Suﬂa‘tﬁ&lpl‘aﬁbg 6r Ydcatunr{gpoditidaprooess. The
deposition process. The conductjve traces 52 are

conduefjvesrssesdomre dipowdioatheexterorsarfaceand haxg a vadi thetiextends along the -
t S .2 perimeter of the dielectric body. At
peﬂmé@&ég %%bgﬁgﬁ%ggnductors are used on each link
t Xpleadd vy sadhecondedork afe whed Ba leadhllinke Yypie#ly@te used for signal
differential signals, such as +0.5 volts and -0.5
conveyagre ef diffkrentialesiginlssench ag +QiStvolls @nd rQf veltynke use of such a
d1ffere? 1!11% %Fgge{ng@%%@ fetmitSud & HAAL %%Eg gmlzc?ur§§ Bf"t?xﬁs%xse%’ugﬁ as pre-
nven 0N "as preengl neered wave es at are

engineawdmaaﬂegluﬁdemararémlaﬁﬁaméd @lek yuHstwm@lmy the@ntifrlghdth of thelRfnal
gnal delivery path. The use of the dielectric body
dehvelsmpaﬁ)f olhediss of gie Cg?l@ft@? bedy Tlopiridagfar prefewert caypling tp @qeer within

the 1111.{':_.I %lfh%sm)p;]eg? erﬁf) t as 1@&9&&? rﬁt]?IG‘a? «L: lcéf'ﬁc’c{u(r(jﬁ{@ af:&gnts are

€ con |Ve s are di spose

disposeP PR s d Gplfdéﬁtgsfaces Osotthﬂtthé blectﬁhﬁcatfﬁmqadf e’af:ﬁ bhihe Yomfuctive elements
each of the conductive elenments is for each other

is for qagh etlnghthmghdh@d@bpmc(bf@b porupbichvikyctie spprigd.cor in the case of a
condua% C?lr e sva n Ben g{pﬁ]ﬁne%gl%{(%fter?e%%ng Lfl(flic;v?/ g]saiﬂﬂajrc?te%s in FIGS. 29-

al ne OW an

30, thd édndﬁét{v%te%inénﬁb drb @pos’éﬁnn?e@o ok Bfore etita tfhaes oftiRreavityBcavities to
are disposed on two or nore interior faces of the

establighy thetpyinesay coundie s mrpde SErps thgwavlhsegem andhspugly am pir digleetére In this
manm actfl? ﬁﬁlg ?fﬁhc ar\rélsetmif H%rafftlc%}(nl%a\tépr ?(ﬁ%ldﬁ?@ Gk ﬁt{l Ql'ﬁ&' n%cltergg%alent toa

ﬁme@ﬁcgmﬁ@hNﬁkgamgs the electrical equivalent to a fiber
tic channel or extent. The present invention is

hespresat inyertiaads directpd neslesiicall sayegidesndie gvegsdestof the

presentc mvention are intended to maintain electrical signals at desired levels of electrical affinity

at high frequencies from about 1.0 Ghz to at least 12.5 Ghz and preferably higher. Optical
waveguides, as described in U.S. Pat. No. 6,377,741, issued Apr. 23, 2002, typically rely upon a

single outer coating, or cladding, having mirror-like reflective properties to maintain the light
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present invention are intended to nmaintain electrica

signals at desired levels of electrical affinity at
whe@k/oétoeruenci es from about 1.0 Ghz to at | eaBCT/LIR2084/043977

CGhz and preferably higher. Optical waveguides, as

descri bed i 7,741, issued

particlesgogving ipgh seﬁacteg dﬂr@%oru pfli%nangﬁlﬂ Hreerridsficgpti ﬁqﬁ?@g wfeslt in
d1spersg Eé f*%it t%@é’l ﬂ'éch{I)lugﬁ ‘%Ves n{)d\%{ hfgﬁ:lh 'ﬁlﬁgergééf Qﬁé&é 8 HeBt beam of

the wa%ghﬁiét MiBrowape Rakgghides akdresed it em’ym@t fretguénélesdml dm@c’u/ﬁlb knergy of
result in a dispersal of the I|i %%ravelln thro

the miqrpnwaveeheagrager thom; tgq@s%\;@sseéqepp ¥ 83t Qy 91 lf}%g% issued

s 335 Uy K OGS P PRl e conr

portion B fn@¥ay.eSidadirdcelbid hirth fdlsd tilliiedithe micr@\sammhla titekh each
by U S. Pat. No. 6,114,677, issued, Sep

instanoghhete tapqﬁfomﬁaméewv @g@ﬁ taéow a@éeﬂere@tdh@meé@t Oﬁth@ hght of

{ #
i AT T U O g Bl
structudd fs- en%'lﬁe&&ﬂ'é rhilﬁiaﬁﬂ&‘rﬁeleétﬂ@éi%@rﬁDﬁ debiratefye@igh d€iss)amed impedance,

used to focus and direct the energy of the light of
capacitahes andandictangsel | ng thr ough them whereas in the

t t t
Dl Bk R B s o S Pral PR 4F gRadrt Gl o i gyiding
and mdiAtRHMRE 6¥ diRS)si BALk thﬂ%gﬁl Anchanfd DAk ByamdEidivo or more conductive
i nduct ance. The effectlveness of the Ilnks of the

surfacgsrod sheatricilmpstainneenta ffélsdfelﬂien@lém mgpbFning éheglme@rlﬁgofath%i signal,

i nt enance of .digital ] h n
controfFR b B Gr gt Repad B e BT UBRRERRE Gk qfthe presen
1nventi%h%6£tﬁinQﬁé el@é’c‘fﬂlﬁégih@ﬁ@ tieldd BF theWigrals tﬂihblﬁd&dﬁﬁéreﬂhﬁiu@hfbg
the integrity of nal , controlling the em ssions
controbimg thd maheiiali qf hd Qmsn@lﬂmg@gﬂ thehgeometyiies of flze yRigAmRSIMponents so that
of the esent
pretengyt R Btiior s ey gkl oo SefG bR el uympipagrestes an
englne&l?:ﬁrh%hﬁﬁ@éi&lﬂ 1iRYb dﬁ@éﬁfﬁﬁ’é b ird¥ort bclEati €] lafinigf i.4.'Be dielectric body

channel link an eonetries of the system
51, that eripondet by eondedies, 1. e¢0®ﬂu@d’ efsuefhersS8upl Anpgsing icharge i.e., negative

stated, the present invention creates
and po W@Hgﬁ%@éﬁ%%f%nsm ssion line by defining a region
O}\S ﬁiu@t%téd Béter &f FIQNISt dhe tivoRondidi€e FFARE 52 bfe BREYeddn the
hat is bounded by conductors, i.e., conductive

dlelectsto ibbdy 8k it5iposition pp@@hw@m:h Ehg dielgctrec hodydd shpwa imhBkG. 4 takes the

0Si i f.fe As 1.l t dDb
form ot e eaf rot T e e GRiRE oy Sihpiin B IR e
conﬁg@x"éﬁ%ﬂ%@b&ll 86k {dstanbO e &hdubiRPRSBELS R frab& 2aektefd AR distinct arc
The dielectric body 51 shown in FIG 4 takes the form

lengthof BathdjIGB rtiandahreroptesanttive of h&balnededt tink of tb@cnyvegh@wvhere the

5 has an oya -I' e confi.gurati
circun|fpepialiesent AR OBt AT B o ftiies b24S Bl ha the
circundf@entil $kieBS bor ch%ﬁﬁﬂ@é'ﬂ%f R é:o'n%:tlv‘é AioPs@fRes 55 of the
representative of bal anced” |ink of the invention
dielectniaéiody 6 h erecailsootherie&me nT]mallength @Ay be ornsadeced te dgfine @gmfss separation
the two conductlve S rf and .t

D betv&qepé}gﬁﬁogfigquegpr ases e g% amg@lgélﬂg(, %ﬁnﬁ}l&}( ngaﬁ/éoe fnbalanced”
with oR@BF HRRGRHELHVEs L Haqzﬁngséhr §18%&2rRalt gtdi®r than the other, and in

such an instance, the transmission line is best suited for single-ended, or non-differential signal

applications. In instances where the dielectric body and link are circular, the link may serve as a
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dielectric body 51 are also the sane. This |ength may
be considered to define a gross separation D between
wa b@soemnguct i ve surfaces. As will be expl ai nedP@EUSAN4/043977
the link may be "unbal anced” with one of the
tive surfaces having .an arcglen th. that is

candu
contaciyyg é’c"é Fo Prylizefldn Semnepior apRjioptions, dhisgrquing crass-sectiopglemonstrates
the sanhé @BéHfétﬁﬂsﬁ’ﬁbtlo‘n% al @@&ﬁbﬂ%ﬁ&%&% pinngl e-ended, or

non-di fferential signal applications. In instances

wheillestrdied i FGe 61 the tinkoelfthe prbsérit ikveatien miay beh@odifiédte provide not

| ink may serve as aconta in d so be utilized. in
only melsmlfe%qnépct Ferosnts g siibs O\eqrﬁ?lgwsgﬁm rressyssierpdia, but may also

I
incorp SIS al?d;ﬁ"n AR BeL Ao hayE REHER a6 fo ropmpission of
light alﬁi oﬁth:el digmits Iafthis hezapd, el&eah&lemxz éody Shismyedw oreuté 4 tariral
provi de_ not only Itlgﬁe conductive el enents as

openmg é? tthfﬁflgli i werotiraldipst eberipadss flectienh signals maydgitrangipitted
dent and ial fib ti
rougSEIAPEALOPAEIA ARAP et and coax|al fi ber opt i c

(0 orséhe@ﬂitlcsll}glmlahtsated Dirddsidssicadéted0 1hb(ﬁpdﬂaﬁh§ g llifk GO of the
body 51 is cored to create a_central genl

present W@u@ﬁ thticgendnbefpee afowry &k ansigt legd dhgdhe @W?Y%%qrfaces 52 of
the llnlg‘1 g&Pi@{gOhlP{@%nB tttﬁeg%)%lﬁ]’gl éﬁqofidhcg é‘l’.lgeg glshdv?l 54 &FF Ted a Sloads 73

enatlc

intermédikte ANSIBuERi 208 thd bed.7 Sudheosiatyelbhdidnay b¢ dded@o e sktem to
resent |nvent|on t hat extends between a source 71 and

Controlgthp gapedppee trpugh dhrigysteny eA dige frapalangyis gptablighed phthe source and
may bé I%Hﬁ%e& %g taﬁcﬁlﬁg %é’é&ﬂ&egrg 16Jb§ {3 g{é r%gsxﬁﬂ?ioh pad together, as

er=secon ernedi ate the

SUG 8 ¢lhihetek %hérﬁﬂd:allﬁuﬁb diTReaoe Betweb® addinke vf iR prebdatinvention
to the systemto control the inpedance through the

and cogyepfiens! candyckes, whjely asedwth élué%att%qts sippertest b}t méleb@mcd:éock 76.
Two dlggr%tenggn\}ggtlw C(tﬂd%gil’g?%z 73%% fig AH ng%)f}ér o er co{uPuctlve

NSM ssi 0 I'ne stra |ca

materidl h@d dkfehé deogh he bR 76} Maht malser of pinke A@rsﬁﬁﬁﬁ tin enlargement “A”,
i nvention and conventi onal conductors, which are both

the twq flisergieroandurterresspiseintapan Boll sirusiuse withra lerss|indietapge (Mgcause of
the enlglggg &‘&eﬂt 15 gr(ﬁﬂ{el (ﬁﬂgll 1 )? Qggﬁﬁk% the aqr%se%t me J{ﬁ?onohavg a smaller

or a Conducyive nater and
inductdriee @H}]zh atdd@stbhtAflpeddhce die t e pROXNAILy Of th@chﬁduoﬁS'e SRS to each
in enlargenent "A', the two discrete conductor
other ap pesjpned aérﬁh%@éhc@@lhodxﬁl udhedienapsions af thgsegénks 50 can be controlled

tance e of t n current | oaqp., . ‘
inthe R0 bl AT EYRBI WO FOpRES RS PhoafifRgrins wien
the corftiav@veksusBls Ring ddedeaRed thé JicRbtrR Hod) oF sdpardtdlp agkﬂf&l%fthe
due to the proximty of the conductive surfaces
extrusiga,cficip phley a a@eqﬁw iplatiogeocess wottbatdhereselting comspagtignis of the plated
be .contraoll ed

plastio it T SRt A P Eaets vha sLanf B8 B Prvien finghlive

elemerf 8ikFsee qlepéo@ciﬁ@%@éasny BRI 5 MGixkisioh Préad utd dbBductive
surfaces being extended with the dielectric body or

surfaces @pelerabby eyitfaqdpibi g laigth olcthe dictegtsicdmdy snd lmae@nd)% ightly before the

sel ective prqces t ha resul.ti
ends ol i JEpBin Vg % ESER  Butpfleabe Botsiviby Mk oge connector
circuit ¥OAMHR s@fildr REmPb®dngct ri ¢ body 51 and the spacing

bet ween conducti ve

As FIG. 9 illustrates, the dielectric body may have a bend 80 forward therewith in the

form of the 90.degree. right-angle bend illustrated or in any other angular orientation. As shown,
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el enents di sposed thereon may be easily controlled

such an extrusion process. The conductive surfaces
wee@beeabl y extend for the length of the diel ep€T/U82004/043977

body and nay end slightly bef ore the ends thereof at a

|.ocati on. wh nate t he

it SI r
the condigiie MEa B A2 GeHRd Roueh: 381&4% he g trpaatiopspacing between
them alzcll feﬁ}e es%ih? i@\gﬁﬁ@ggﬁ?{‘ﬁ/hwﬁ‘%hé: c!oﬁduﬁn)e @{aﬁs‘an &E The dle%ectrlc body

may have a ormar erew t
51 anditlre ddngudtiversurthcdsise a%eaﬂégmmtamghin theig kigacheyuhd separation through
illustrated or in ]gy ot her angul ar orientation. As
the bendie ghminage ARl 9S%sr f aces 52 extend through the
d ' .
30 Gl AR R (R 1RREG A0 L HGE OB 501

consid&t@ad a Gtbneistion dabde e ibmi aneloo dyord dingldiiélbaric bodies 51, and one
conducti ve surfaces 52 are easi|l BP/T mai ntained in their

end 829pHds W@namﬁdste gariatadsircpt beyrg$3t Hdiysnpinagonmayba direct in order
to minidfl¥e & 34 'nﬁh 1@&%&&1@5@%&& 'A Es o{rﬁj 2& 1k 84 tPat %a.untams any

rans SSI on I'né usin e 1 nven

discontlififitiésl 28 K nBBirh®m GOAIS pi@mﬂdd AThésetlinkp SWingSht0h théplodped aspect of
formed fromone or nore single dielectric bodies 51,

the tragspssinelindi dl gmigstiopn ﬁntpr§aqeg8 tbgd)rq)‘@dgi wherg tlagilink is terminated to
the congllcl;ééru \IN%th kﬁ%r%rgurg 3 eor;are Pdib&n O%h);)%ﬁ%(nct%%w% ﬁt%"i:l}lt}) " this

o m nim zé ah PECont Pnui he "CI't cul
manneR & gouging BOtHe dohdinsfe burkicokis@daihiatied HRbMthaldgtipeBthe
di scontinuities at a minimumis al so provi ded. These

transmijspigh ding nesnﬁmgtla ibathtgeemgtrisAvd ¢legtifrab pnigfrmitye

n sion link |on
A0TSR b Bl FEEEREL L PR A58 R MR 0 or e
inventioh! th thk Righthidsg BAROD 4 ceitrBICidRhdlon 93}’13 @hcikdIBEBYRA B6llow dlelectnc
di scontinuity. In this manner, the groupi ng of the

body 9& orhdeicinityie, sunppEe euiltinle peridustayeaufasesets thakarp sengrateclpy an

1nterve8 n% Cs%)?%ans er%ly g.llﬁ-‘:i ?Ve rp%?t?énts If? 9(1&1 (ﬁ gc?rpg tbgg}g} % t gb% nsCéructlon is

sultablgﬂ’ordisé [epBRdr appRESoBERhE POWeF 1stcﬁﬁ1caﬁfb§’rtﬁé7b@ﬁ1*apébﬂdhﬂﬂéﬁ93 In the
O of the invention. In the rightnost |ink 90, a

mlddledmthrla}f HoniLdheeenyral ¢(gfe@%1sm§q:f§@bbymadqmﬁ g m@cted dielectric and has

conduilyFtidieey &7 Sonitd o ds Apb - L RERDSagel it B foterabty

providédHoSyr¥1ebH dnd o‘i PRGitute ME SlRF 8hk Y Thé 1elﬁmbswlﬁ1h oOpef FicRNS Hak a
the dielectric bod % 94. This construction is suitable

protectivsroutesdadkat Yothet engisks & platcobls patierasiqréwel00 thatcmeirtlegfeither a

t he e traI the ddI | ink.91 of
condugdg o ik Brg 1B S Sbs Foloet the HEE PR foret B e Rgpotive
matenﬁ%h& atcedpathRU e tunbhtcAdrilAS t6 QBEMEChE Yo §i=lﬁ1fo%3&§1d83tlve surfaces

upported on it. protective outer insulative jacket
desnecb@a the bodepEiha mng pfdt@mad@dy,t @emréh@@l@mamfa seroundéng the eore or of the
t he ryli ftnos of FIG
tink 9255 b fHiCAL s it T B SBERY i) o wilina B o suiable
standoE®by#eNike. ri ng 100 that encircles either a conductlve

or insulative core 101. Portions 101 of the ring 100
drle. p2 divstiates o araamfduﬂce il il Qé 13réhag hived thein guter eegions combined with

the el R Rifasdy B Gerar BReidPal ol B i (R conductive

surfacés'hSQQ 508l 6f%1'iﬂ'1’félehtVa% léngt‘BE‘ . QlunbARn &I ARPbSedArthO Uit fiiface of the
e core or of

dielectric body 51 so that the 11nk 110 may provide single-ended signal operation. Link 111 has

two equal-spaced and sized (or “balanced”) conductive elements 52 to provide an effective
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link 92 may be filled with air and may be spaced away
froman inner nenber by way of suitable standoffs or

wao b@siete2 FIG 12 illustrates an array of |i nRGI/US2004/043977
110- 113 that have their outer regions conbined with

... the dielectric body 51 to formdifferent types of
dlfferepflﬁlr%gﬁaigl?%ﬁuqni'nks. Link 110 has two conducti ve

3%‘1@%31(19%%5%?@6 coBBu@fyediiti Rt ¢4 tdaéhi)ghlﬁ ?vgg B&fe?‘ér%tﬁlesignal conductors

| anced) di sposed on the outer ce o
115a adil @h esdortied gtvody coddismrtlhsl. Link 111B hks fold wendupticvsudifaces 116

oGRS SRR S SOROH Sttt e
it SSTORE A T s Ay LG Tl

grounds0 support two differential signal conductors 115a and
an assqrted ground conductor 115h. Link 113 has four

clolttideé diivabrates an geay of ans-Rpg plovecciemlar digke | 2-4¢4 tptpolygonal
Cli ¥ .
contelifn a0 HREREAALSRR S SE A S s o
with liaks121g1 22. ditid dielecttic dbdieas T maly bb eRtripddd with pRfe s Rhe ?ortions 125
grounds. FIG 13 illustrates an array of one-type o
that arg glated oratheawiseicakaed with ponductixe myatsriph dndividual conductive surfaces are

disposF(? ﬁ{} 5%%211 UHs Pg 1;111% %&g‘ctﬁ%yga&‘@ g)?éflelggfya&lff&%ﬁ%al I%f gﬁl\é\fs[gari]rs of the

or rec ar cC 1ons “as W

condudiRk-shfaces hfeartlingb® 64 bpsostiedides ob fHeyode. Fxédeuaerhomisdy 125 may be
proj ecting Iandé&ortions 125 that are plated or
used to)tlefar Witg sORISEIOF slgtsplttpmupatingonyRstora b inahner |sp dhay contagt between

. . . c o | i
e cof RSN E BES3 58 o FRORRT. L 958 KD e
SFIgnak ibastiates dmb bédiciond dtdldcre: Sodiésab&Sma/ 18 @ilized 98M the present
on opposi nIgzt& des of the body. These | and portions 125

inventipgy e hedul 10is shewyn ag eanyer ortilsdhopthst asbaslies 131, 132 are shown as

. [ ' > .S | nner t hat. ..cont.act. .
vins TSR 08 SERTRA B, A, PR R 3 HI g bocies s
tendencp bdletgicementd ekl fisld 8asgdtly atethé eshed.of HleGonddktive surfaces,
illustrates sone additional dielectric bodies that ma

while pelightly|cppeex farm s shawipindwdyit 30.rhas At enskincydnsonestirate 3ige field
streng%%g%%&é%gﬂ@% ngl\é I8 aﬂgﬂh!ﬁ?ont. e%toqulga{vetb%iee?,?a% Iil%ic’str:ellt?é& by dielectric

el ng genérally ¢onc

bodiesCIGN] 1 una}y howe befefidiflCidRialicle@s&onespéddbehuseifocuses the electrical
di el ectric bodies has a tendency to concentrate the

field insyasdlyy ihg avidih asjagr lengthnof thesstcondictive wuifacesfasshewn in FIG. 14 are less

that RN el SR ol FRBuieg bod ol ot c ' ne
~ fInglogkasiily, egtrdhsENSRIMinkl gHbd foR@led Bs 4 BT eRtrb@HW200 EIGS. 15-

The concave bodies, as illustrated by dielectric
16), prptsabdy fromia honagpenays dieloeirip arpedriabicatrymgasdtiplelsignal channels

ereof NG AP ARG RFGTTG, bl SFURTPHLISHRUGEAE AR, oo
condu@tBiRGufhied 203 NBALE SepartedSAMBadi btidBy thé inkérPedifS Siclddfic body
the width or arc | eng; hs of the respective body sides

204 thafispperrts thems aserell aspelr partiens205tthe inteenosnect dieontogether. This
extrusircT)H&BS nga%frb%%e@ a5 garts (I)fn a%l o%ereaﬁtcE)H%c ot a%spe%lb(l}'/: 5%? 'Whle?e_ the extrusion is
received into a complementary shaped opening 210 formed in a connector housing 211. T he
inner walls of the openings 210 may be selectively plated, or contacts 212 may be inserted into

the housing 211 to contact the conductive surfaces and provide, if necessary, surface mount or
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16), preferably froma honogenous dielectric material,
carrying nmultiple signal channels thereupon, wth each
wa@eel/ogtannel including a pair of conductive SPCT/EHEBW04/043977
202- 203. These conductive surfaces 202, 203 are
separated from each other by the intervening
ﬂﬂougﬁh@ké@@?@@“@%dy 204 that supports them as well as web

39 200350 RSB OO IR APSBIRE p s

111ustrd€&f‘dfiﬁ%1@ﬁm§t&@ @ﬁ'(’ﬁie}éna 2a c&ﬁi&bﬁ)r blvek 880 ahid peRingShrough a right angle
received into a conplenmentary shaped openi ng 210
block t@rthatdnelndes asrnvetight pogle rphs;,saaeﬂl 83formeed; thersin ¥aich ecgfve the

wansnf SRR B3R, REuPELGENY oot RlsGong i ip.ag. e wittbe

unders€RAlB& thd RenseRRBICIHaN ] Sidk{ AGS Be BibalicRie@ Vi 8 €ontiffuous manufacturing
necessary, surface nmount orthrough hole tail portions.

procesf;|s@eh as7by ¢xtmsionaansiseach suchrohaisd mant e@ﬂamf@ture with lntnnsw or

1ntegrattt=éf nﬂ"lé?stzvlgoei 6‘% egi n@ Omgtrl ! SHHL Cnng af thB St r%ﬁﬁg‘h %eometry of the
transmRfoRl dh@nddD 'it@élﬂﬁh ?bé tatoliRa) oﬁsewem &ake mnfg%a PoSiEbhIAE B the

a series of right angle passages 183 forned therein
condugthiectementeinos thédictectmiehodiss iso that ﬂmtrﬁeIBMSsmhame@hwﬂhperfonn as
nts such as.,t

consisiot G B OPOUE ORI B IAFLIA O] R TRE S CRARE! iy ne” of

signal E®niAMitARNG Haffe. BeeARE 'tHéLtﬁé'l%ctﬁ'@ BoARS bethle %&nﬁﬁﬁﬁ@ﬁ Shannel links
such as by extrusion, and each such channel may be

may bmdé m(chem ifledibls, the sysiems o ihs iovention @gﬂrmdaly wwifdmeblete various

pathw s S BTG s R e T bR s e it yforpance of

the sys@éiﬁt TRé bﬁéeoxﬁéctweéddbﬁ)%k 1186 nRakdinGiARe trlaﬁsﬁhf(sél%‘ EREneks in a
t he conductive elenents upon'the dielectric bodies so

vertical hgnrnére, whitatbeblekdg2 maamnmh‘@mﬁﬁlb lengseofithe tramsission channel links
L ?nsustent andfunltggx el ectronic mavFgU|des whi ch
n.a right Apele GHFYAHOLI0L FHREHRAIER AhABPT FIPAUGRIST of si gnal

(FI@T'TE Al Eate@ A et Jf%f)fr!/éi dlae&ﬁu %ckb 6r l%&ésem()tm iR Qﬂh&?

of the transm ssion channel |inks may be made rather
separafibegistanes Ltwaeessz;mitthqsuraé 3051 ef theestetionsurfaces 3@aafithgblocks rises

O T T AT

i
may bg g%cfsen% %gldgfdlf?é}&ltqéﬁtcﬁé?ac@ﬁ&lc%rf@r ﬁeﬁm%cih% el@nhl 8als

intaln the transm ssion channels in a
developed whema theadondumtizn elements| age eivegibéd AKIGL 82 nthystrates atailtiple channel
t he ends of the.transm. ssion n links in ri ght .
extrusigiglOD YO Eafeie PEieRERCORRI A5 PIOGH 14 IR Ry BhEAPR402 in
which ﬁ&eﬂ‘aémgﬁctide SUFLLRUBT R rﬁ@lhRR:f orGBRpEX iflinghest Al GithliRE&shstruction
or Ies 300-302 1 n which separation distance L
shownMa FI@s1 3 sdcht dneextmusiva 490 5upp‘orﬂs lmxml&pdb signak cheundlgvath 0B of the
f the s..ri ses the l.i nks 300-30 In t
channgls E?ra bliyentﬁ%m abpEOLMfferesf a?ndelﬁ%vesﬁs%@s o‘ﬁGt ﬂ%
iuustrézﬁsda §8ndiRY e ﬁlsﬁﬁoﬁ)@@%&lpasoch&’t\@hg%nqh Fi@s antarqans
characteristics ocusi ng the el ectrical fields
dehvelitsed thwhmas@hmveﬂr@un&y b@teﬂhmamdumoamnnwtmragd ptr housings.
9 illustrates,a nultiple chan e extru5|onﬁﬁ881hasa

F
FIGS. _v%n'lt%i% ifugeats Qns tepmigatigndpicripec Bofwregat BeHeal Sna6R
hollow B‘&ﬁr SANREL @&tﬁYoﬁﬁﬁ%s 402 mhe body may support a pair of terminals 504 that

mate with the conductive surfaces 52 of the dielectric body 51. The endcap 500 may be inserted

into various openings in connector housings or circuit boards and as such, preferably includes a
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whi ch the conductive surfaces 403 are multiple or
conplex in nature. As with the construction shown in
WO-R@5/04892 such an extrusi on 400 supports mul tipCEUS2004/043977
signal channels, with each of the channels preferably
. Jncludin .r of differential signal conduct. ve,
conicalppigerinp €10 Fi&1 o g gap Jobfagde S?rug%eﬂ&a.t%m gy g
transm?sﬁfo!ﬂ 1% ok Ml SRaN Yl 11! 5'\15-%3,:@ i8Ry ﬂ@}éﬁ:tr BEa hﬂuﬁgpﬁe Rlmination
the present invention may be termnat Into connect or
interfacenghdathiminate amdtiplgslistiatiGEinsdissida lineh asilluatratedineFIGS. 24 and 25.
termnation interface as.a sonewhat. coni.cal

e B4 Hipstraten Bie <odeas )0 dbrlags emha series of Haks @S}&ﬂ&%&g terminated to

o o 1 PR AUPRGERIP Pl B0, Sk B o

to a citbadi Bo&xd.(ndil@ow Ay CHE mdCapieed het faks dictoddichlndtmckias st in the
_openings in connector housings or circuit boards and

drawings, baity ety takecttleor shanes apd pepdiesiationn fiatlar fhibat fhiopm asd glescribed

510. The endcap 500 maybe structured to term nate only

a single transmssion line as is illustrated in FIGS.

G235 ilfstrhtes BR Y@ consdiucomol dnl daldelddkr INONERL thi¥hrrangement, the

interface and term nate nultiple distinct transmssion
transmissipadings, qrlinks p7 haediformedfrem a diglegtig apd incydg a paar of conductive

et 4 AL 57 el 897 R0 L PR BEE Pl i o
clarity Baé tHeUf Joaesporditptextedts Bendd HriaéPoss thetsheheds HE RN 1K GFK that face
521 naé be attached to a circuit board (not shown).

into thy plane Alithepaneed FiGt 2D alBeserrondutiveartentsrife g eonsreoshto traces
573 onlcagcl:#crﬁ% b%r %ﬂgosys\y%] %)f acg%%f%cttlﬁlié S{'a%‘éﬁ g\rlf\% 3 heﬁp %gjé‘g glg?r%o‘g é’f the circuit

i'gurations
board $BI. MichMids madbalkd belsdnkRb®Ed Rithial thebo\Bt f thO st Bloelt 570) if desired.
of an end block 570. In this arrangenent, the
The vigy Bifsae prsifesablyisplitas shewn pnk Segtwo canductize aections gmsgparated by an
ners 8] 5557050 BARMESPAE R o SRR b Wt e
level o€ ®ledhfd. 572 shown only on one side for clarity and
their correspondi ng extents being forned on the

S 3¢ ddusgntes pe endaaRsordiackiGPfmaeuitesl torpmaintedecipsuiiboarsk601. This

he, pa of FIG 25). These conducti,ve extepnts. 572
style of AficBE RAS slef s qofifdetor A8 FsFRARIRA NGRS 6, i Sgyrat o
603 witieyarftfus qc@ykdagfatdomhatiaa&p’éﬁl%#‘caﬁgp&ﬁ@ﬁs b@e krahghis6lon Bhk. The
the circuit board 574, Such vias may al so be

endcapcennseetoce®omey havers nlwalitofyvisdowhe2Gled agdestlo seldpring the

esired. .The vi 575 .are eferably.split as shown N
condudl{3 tfifborriop a0 Siine i ot B ShiiahatRashe Be AR Bn e circuit
board GO, & MRRANOEG F3BrfRcEGnéitht MBls AtsBOWN BB MiRIG06 Py hat/B eheiMdrizontal

conductive transm ssion channels at the |evel ofthe

parts 609 &rcdred prdsr thxebadyl afshe endeap havsingde sgstuce theistinsuit bead pad size

unted t,o a prjnte i rcuit ard 601. This style of
neededy 3t 15 % b QuRilaBbed 6 Bitrbadfittnitind | not ules o
hergs DAL 1B satedial Jarteal GlRNStAIR e loPthe@Pdcal doin¥@ér W0Sand shows how
keyways 604 that accept projecting portions of the

the conttacin omitermiinnals 60"hare sToriedtidthmn avhmdnddhrosgh theegpnhener hpusing
602. T%le l%erar?rllihetllg 68’; mva\lny ?rgc?l\{@e a6<§u%1 \];v?r[e cgrtl:t%gtse%dtG(aS %c?rl r%&&ricpagc;; irﬁecontact (and

for providing a parallel electrical path) and the connector 600 may include a coupling staple 615

below.

that has an inverted U-shape and which enhances coupling of the terminals across the housing.

The coupling staple 615 can be seen to have an elongated backbone that extends lengthwise
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conductive tail portions 606 of the contacts 607 to

correspondi ng opposing traces on the circuit board
wW®oWM5/067991 nst ances of surface mount tails a shPeFPS1006043977

tails 606 may have their horizontal parts 609 tucked

oro S S BEL  OEAD eS8,
spacesCARRE IHeapeh Of the B&ﬁ%?}s??leaéxtéﬂa%o‘&}ﬂ toWatd t}iﬂ@ @iﬁglit #d 18 and each

27A Tl lustrates a par skel etal view of the en p
such legmsecwiith B@0is aneites thansa ¢vowespdneingomiddic o the termiirenl than il pposes. As

607. are supported w thi nd extend through the . .
showrg e T RO HEiALP IBG2 DY EE B RPRAPLc- DO ADGAoR e e tgpminls.
M r . f oq- t .
e il SRR OB 7 pAUPSIEND, 0 OR Sfcry. ms
regardc dratseqirovid&0@ntral/for thel temheinals tot pbristignts b ehdrmeb(lGeraigt across the

housirgipott i I CSSl FoR etk B DL PG At BEGL RS ghe W ieo reduces
. . t . at .
the inditPinge efﬁgﬁggmtﬁ@u%g éﬁﬁ}l 197998t 25 %?acﬁgxg ne tﬁe'l,g@gr gontact

ext ends set e connect ousi ng
assemplyuhatlis tiseddh thesgdcaphannedrter GOaddIGEp26 tind 270 E@eRrminals 607 are
oéher by .spaces @%ong the |l ength of the coupling
arrangeq 9B |0pPtiesHigs QbR COBIREIY apd areaneunied WHbiaTesPapiiy esspport blocks
' t r .
610. THED s fri1003 006 i tphdBaphit S @RIl ¥hrBelected distance that
assistsAs spimingthiertertitieal domattn g6s apdae coupl i ng staple legs are

positioned in alignment with the termnals. The tail
pgrqorlévglvsmm Teples | Shevine sy Qreril W-sBane, erblagithappanay be

‘ e ¢ . ) |
providb 308 e BN ol 8380 bl 30 o ennce
the couplanpiedtwédnadnd raalony Yheterminsls 0. e sbudinglsepleSIE. had Beries of
dual contact path not only provides for path
blades 28 {Hefcie a6 anaTHdRy 1RiGTFERE SpRess o7 diged Hich toy infarposed between
. bnal.S. ' '
pis ARSI B 0% S0 08 L i Ay Gt st o

the cirewitlbagrd c Thaemplersl 6 @Rteods lehgthwis26hratgh théAonddeeor body between the
termnals 607 are arranged on opposite sides of the

conneqtph OBk 0n e 2panagis MQKsS 614 mdihe é@@@@tqr&!eusmé@% (particularly the
it RS R BB B A OB s 17

thereirsfodwild thettive niamitearial registritRatwitloEBha@ed! Other aaBsIer 4t8hment may
coupliqﬁhsta | e. 615 having an overall U sha
W

o wilgedne Wby 43ys endogor e sy 690 Vhichiljistrees the
] ] i . 0 .t
interp ARG ook ShbRIRRIRE 3 KUBRONNe BREATo s engagement

of the 6&hhectbr bvcko6il dndghs taplectofAdushiagsoR. seri es of bl ades
620 that are spaced apart Dby intervening spaces 621

ahetwistendagallion ther fosgemenBiG ﬁllwﬁta#@ aghregspadyictay transmission
line 7@8%?0363@-3@&&0% (%f%@ elglgglgt% ngm'hccaltl Sétsf’azre]&j mg%avr\%%(gby Cémform to the

the surtace o e circul oard.

triangiidiSarexpgands of eagludiirs® the adv@hentibfed GABETHPE ob@MMector. In the
bet ween t he connector bl ocks 610. The connector bl ocks

transmgsrpngling 1000t EFAnE: twe sigstlsonduates cuy diffesential signalhe

' Q hav ni 16 f.orned .. .
R DT e T e —
704. ol prefdidtebotRidde the Lubst@81704 i ¢itdhitBdakt, 928Kn6WARS those of
. O her neans of attachnent my
ordinary skill in the art to be a planar, non-conductive or dielectric, material that is capable of

supporting electronic components such as integrated circuits, passive electronic devices but also
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be utilized, as well. FIG 28 is an end view of the
connector 600, which illustrates the interposition of

W b@soeupt | ng stapl e between a pair of opposi NBCT/US2004/043977
contacts 608 and the engagenent of the connector

R BT SRS B
glass dtnJ fiBesHhAt Ghich a&@fyﬁﬁ:}?ﬁ?ﬁ%&ﬁl@éh AR D eiﬁcdéf %lr)cgsg Otn at least one

he cross-section o ements of whic an
alternaie zmodinteng rthasidpettate G04 crdnointegtated ¢irutt sulestrgtd material, one of which

. rangenent conductors in the aforenentioned
is Welfﬁq%toqﬁweo%fa#ﬁldaﬁhﬁe@? B amgRh oWk ans i 551 on | i ne
7 t j r .
320 ST e 5 Gl ML RS ity o

704 siby aral thie adateid? froautvhizh if io thagd. The sldgtundbettiuglabeided 6r machined into a

. .Ssubstrate 704, In a preferred enbodi nent, the

Clrcm@;bpa&i- rlheen #lsa by sutamathiper, ebwded or chmmially fished into glass For
esrf SRS o 4 IRABL o Bl huning sy povom
706 araf busldipou ihegnaiéred bn efthe stdyherenNicassel fimatbe sidbRalar@hnd 710.

circuits, passive electronic devices but also"triad"
Anotheymethed of fempg thesint i b xtessated vigepilds diselosgdsiv 1h8. Patde

' . £ S .1 bergal as

No. 5. 5pESYSREE) helloflisBoflt Bbl prole e RechbBER AP ey
incorpoca¢disereinbyatfeke@st one al ternate enbodi ment, the

substrate 704 is an integrated circuit substrate

et €A be seey ek 16 2Qkhat e sidapealls 703 8ot 71 bandrtbe topof1 29xithe substrate

' r ilic h t. 702 i
704 b 08B0 g8 PR RIS, A1 LAS TS0 L8 i e gy oo 712
and thbyleftheidewhal t708 faméQh edpe &14andt fune theabmith af tht sRATBNI The

i is made. The slot can be cut, abraded or nmchi ned

t

intersqefipp of theilngF fos02rtad the "righé ekl Ocdorems anedier ades, 716, but
: , ' hed. | | F

i AR IEELD Y PLALAELLI BB i e o

etAlbegleah of di@trementiBsdd tiged Nt &It 604 feitivéRGha) eblatively
bui | ding up the material on either side thereof so as

narrovy giripf gpRdstive maieatal $207g8l Bidd deprsitedrgrothp éap ‘Wi ¢fdhe sifbstrate 704.

i addf QOB BSOPREIsB D L o TIR L gt aathab A
deposited @6 fRBottosi T0CathetlehT0m), TH WnipRai€ibh BHthe @bndbticH strips 720,
are incorporated herein by reference. It can be seen
722 and/2¢) vaill dependhon theweb%taéﬁezél- | Qne7gramers @f thegondiustivistrips 720, 722
Y/ ubst anti al .y pl anar, .and .
and 72rcopRl o P BORE B e (B0 P ot cBpPRL Rt accept

metal platin@r VhApus/idlastizl gretmewnl t6 bt metdl haeble. T drendts ofthe conductive
edge 714 that runs the length of the slot 702. The

strips ¢qyi@ e Erpied Arosr adhegivpibaskead mespl strips thatdre simphy anghied to the

L.d 4 n r.edge. 716 ut ,ch is not .
s LBl R AL AR b b es 720,
722 an@df 724N uld 1Y fof@2d ofMiRREbRA s Rfact BE spkiefiffRAbsQARBBsition or by
edges 714 and 716 is a relatively thin, relatively

etching awpy el ihap isdepesiipdnyet Khéfen’éltﬁempgn supface HRd 722,
dgposd 71 : te, 704.
e o pl i S unbl T G5R Saed 971 Jusfpgafollow the

edges $14,1706 Of tHestUOR| WS i§BES AN 624G, 59, the surface area of each of the strip

conductors 720 and 724 that face each other is quite small, i.e., only the thickness of each

conductor 720, 724. As a result, the capacitive coupling between the two conductors 720 and
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deposited onto the bottom 706 of the slot 702. The
conposition of the conductive strips 720, 722 and 724

waowdos/oempend on the substrate 704. One or nor ePOf/US1984/043977
conductive strips 720, 722 and 724 could be

Iat| |f t he subs i S
724 lsaac%rcs i g P 10 85?0%3 %ﬂevm%’/oﬁg'md 710 were
| u@%l BelkHPWN to be metal plateable. One
InazHMQHaﬂHgoo thgﬁ%gngu%tlve strips could be forned from
am*he déptl Doefttke siot’r‘E(DZidmdsthe Blpt%s whith Vacen Isothbk eteppined do that when
to the substrate nts where the_substrate

the copduciiye iiipg a?%;ﬂ@& 3é1idr78€1|a€e apph%d todhets eprresponding parfacpgpon the
dlelec%ﬁz% ﬁ}egr?sAZeg 911&'(\&/ g)cgt?oﬁ gﬁg@% I%gtn go%%cl%%%{ ﬁltd%n’ﬁy [J t%g ‘13:1*1angu1ar
spacmlgﬁisadl wihth &triads ’tﬁﬁ%ﬁhé@&s OB fwal/ € epanfiple. ahel ORI depth ]f) *6LDbe
712. As shown in FIG 29, the conductive strips 720
increaggeorzizaregyedttn é enqreﬁ@e o1 decsgrsd thed vericald distanee belyiesn thesurface 712
of hown in, Fl G
and thg byl 7RIt AZ, 1R wikn W kAn BORERerst & Go105 o i Shing the
conduzt%ﬂs' iRatiodf #aR r@?@a 0@ othet, SHéi they &M@hline the®apaciBhdt of the system
he thi ckness of each conduct or 20, 724. As a resul t,

and thméorc aplsulate the ingprdsheaef thesyseansa thet tevgst taredanges meay AGchieved
el ow the coupling that woul d

d d
along gi?dlg?gtﬁf’f hl??érrag‘f)%%g]i Hg € dewal | s 708 and 710 were

”FI@' 40/ i3 86l eADieGOSYAHE HHRE:- &Jnﬁﬂ&blstr&ﬁﬁﬁﬁ% 11n-5hﬂ)0d qpéalﬁ Heé seen that
of the slot 702 and the slot's width Wcan

the depitht Brand médth ¥ of et slotH2 cambe oraset cpl\ﬁbcwamdm nEQ(B:d (Fwgect to the

ickofionf i RS0 5T titub ol SRR IR Bitabtar ngfiRF seiing oo
"triad" ESHRGEbr. tlﬁlGe 30R1s9thEWs aﬁ%ﬁfﬁl{ iBnd 1érﬁ?s61{rém%0%bled to the
spacing used with "triad” type connectors By way

conduemsmﬁjhps 72(hands128tan the Pupef) suefacdEl 2 ofdhesubettater7 04 Si gnals from the
ed to.increase.or decrease the rtical
soured 4] SR BE DD s b e LS PRI Soay Ak RETGst  gr oo By g cual

amoutt! %c%l)ﬂﬁng? 4he doRIMESH Msoﬁ@ 438 WP GFERRCeRA tYBE barrBY %
mat chi ng the conductors' location wth respect to €ac

"diffeentiagrsigmaisd andiyheoh@nm’iﬁ(lwdﬂ% caapacinsaierd adiffeteatislysire ithe

capacii{a coTR R oFAORa HEES TNLGPy 20 i B L4 BTG P e Sarce arca of

the strifRMB0NnA720 Gy ErRRAM §t§1€10’9ut| Ay the SacR distadd® 19 BEtween them.
vi ew of the three-conducfor trangn155|on [tne 700. 1t

The cmmth&:ebemeenlﬂmmmmptdpr@emmd imFIE. hEOWydfl t he sl ot
702 can i ncreased or decreased as ne ect
gﬂﬂﬁ@ f-ppHaTRangR dhige QK NGIOR BARTHIGH 1 {Nh afs @iﬂ?sa?rec)onforms to
the spE&n%Bf &Jhdh&érs ih 2R Rk RR %Qﬁzeﬁ%?ﬁﬁ&nﬁ% {2 sty %}ﬁl@lng to a

connect or al so shows a requency signa
corresponding coitctonulnl IHd} 80, thh &lottOndtont cotfelustbr T psis il :ﬁrgﬂound (or other

722 on th r rfae720f he supstrate
referengeppipgial Y@Fﬁgﬁﬁg Qbfﬁ?r laysignajs eArpd %F@r"f‘)mr C@lducfmestnps 720,722
[ r
that are oglntrlé to%oﬂ)ic‘olf”t éc%(g)lre t?lﬁgp&\{ ‘{eﬁgﬁc gﬁgﬁ \g(t) : tﬁe Fﬂiu‘hﬂ s% 121ds to
reduceamgnal 2phissiens Cooms theestrdek 120 abé 722 rin pharn @ecause of the capacitance between
the signal strips 720, 722 and the ground strip 724. This capacitance is represented in FIG. 30 by

Cz.

The ground strip 724 on the slot bottom 716 with the differential pair 720, 722 also can

be considered to comprise a "triad" and for purposes of claim construction, the transmission line
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"differential signals" and the strips 720 and 722 can
be considered a differential pair. The capacitive
w@owplostoge bet ween the strips 720 and 722 is | apQBEU$2004/043977
determ ned by the surface area of the strips 720 and
. 722 .t hat, face,eagh ot her, hut so, by the spacing )
700 is {5 i et or o RAE R o e SyEE RS R baaHe gapsidered to
have sbyRio? highPRedu®nb P RESS §RkEMndrde 2k Rast3h B%: ﬁi]o'xj -
e Se%%ance - peé T 3r}§a%§dz%t hr ee- cgndugtS%g) tra sm@éﬁlgn Igi(%heZ and can
providt s¢fuhimipedesceaontronthorugh geamttniealtprasitiogs afrarged du ¢HeadiRuit board
in a "triad" connector is realized by matching the
or othegspbstrattyacing to a correspondi ng connector. In FIG
gﬂ%’ra %Pﬁgr%h %é}bé?@ﬁ%l&,qg% tglgﬂ?(?ﬁgs ?{)/rgfet%gcldfg)ﬁgﬁ glrlﬂr Bk of [h%%ﬂgaces of the
planar didiéctrienibisarbtes Fgnpluposarof ilbtratiort by tthe Burfaendintiticd By reference
strips 720, 722 that are on the top 712 of the
numer; WPds epnsideserhan upper' putop] suidased i reglitys He siot A gan be cut or
[ Dt [ Lssions fromthe strips
ﬁnnw@%%ﬁ@%aﬁ@%§$hﬁﬁégg??ﬁ%%%%ﬂ%%mggkthe capaci t ance

bigtaysefericl @ntbogdimadnt it filsthé 20p thaPRsaledfréeugin@witorming a slot 702
rip.724. This capacitance is represented in FIG 30

throughy sohd dipstiie. GLRIGh 1025 a7 be redily filled ath dsent-BhieiRgtric. The
A8 f i f. t] ir.7 7 | b
capacitied Eoulpifig €, i, SUANLLRL REY indfelina  2eBpRRa Ribcfng upgn the

particutdrasuBted filatadtial 1M to Fillehé Klan®D. ssion |ine700 is
considered to be a "triad" transm ssion |ine. Such

t Fixnss of sudiemy skiflds the st shondd anprecipte thahtheeondyssoritdad (720, 722 and
724) cgﬂ Qgégﬂs?ﬂ?e:cﬂ?ﬁg_% %%g%xiﬁg)rﬁgc :a;lgtﬁeﬁ] (éf '8 d 8|S ﬁgsﬁ‘lb)gfp abto(\)fe. Those of

appr oxi e Z ( ur”
ordinalygkeltl aGie a€aRAbiild!aldoippHg it IRaRid drGadreshdBhls QTR be readily
arran%ed on the circuit board or other substrate. In a

formedyines wibslsefe dieyerverrden simpheitwsonskclardy, endy pag sust link disothgvn in FIG. 29
only one of the surfaces of the planar dielectric
and 30; . .
Substrate. For purposes of illustration only, the
SAlrédeedceRBstdtiond d¥a, hedE ARARssHAMedan bé 2eddfly constructed by
_ considered an "upper” or "top" surface hi reality, the
platingsrgnetalhizingsyrigec dong the elge abalsloheus tiyhugh 2 Aistectrigrsiibgteate. The

of,.a dielectric sybstr e N a.preferred e Lent, .
cross-3btichaf it OF i ooB R Wl tadth R RCr 3 H el S TR e sjenat
couplifg Bét@een! héni whéamlh}( areSlbrythgti €1-86didnby sifhls.SBOkephling them by a

) can be readily filled with a non-air dielectric. The
dielectgig gad prawding en ptervgniag sravnd pbinedetvesse theam dnediaed cosseection triad

. d s di . h i cul b
wens i ey P AP Rate563%. Those of “ordi nar v

skill in the art shoul d appreciate that the conductor
triad (720, 722 and 724) can be considered to be a
transm ssion channel or "link" as described above.
Those of ordinary skill in the art should al so

appreciate that two or nore such links could be
readily formed in a substrate, however, for sinplicity
and clarity, only one such link is shown in FIG 29
and 30.
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A reduced-cross-sectional area, triad transm ssion
line can be readily constructed by plating or
worea0albiogi ng surface al ong the edge of a sl ot PBQI/US2004/043977
through a dielectric substrate. The cross-sectiona
£léu§@§a of such conductors that faces each other is
uced, reducing the signal coupling between them
when they are carrying high-frequency signals. By
separating them by a dielectric and providing an
1. i Attemsmissiog lirecongprisingne bet ween them a reduced
cross-section friad transmssion line results with i
i npr ov@au‘%%t%fly plRadiFISERS USRIV inguppar and lower opposing
t&ﬁpﬁggssion i ne conprising: a substantially planar
di'el'ectric substrate having upper and | ower opposing
sur f aceslot foraledtthfooghréad uppecugiace besaidpdielectsicshibamate)faid slot
said diielectric substrate, said slot having first and )
s BPeREtiEsh aed sergnd gprasingfaees $ragsd apart figm @&g qthef R pn Byjervening
A int S Co . . Cr .
oS FE M QCRRE SR ik eob Ot BEE WA bRt elceliBhping a st

sklot eddgand the thttRectiontofssidcedomd opbosing thes 84ibrible upper surface
opposi ng face with the upper surface defining a second
sflefinipggsecondplat edesyi f ferential signal strip on the

o sai § it LR R SRR B P Ahfiod i oo R Wl coid sl

upgellelsokdidd@siasdde,ext endi ng al ong said slot, parallel
to said second edge; a planar ground conductor coupled
to, andseqepddiffercaial yiriprpethp ypparsarfpeaad extendingalosg said slot,

t?ﬁaﬂél%@&iﬁrs%@on% %é,rate, sai d ground conduct or being
at a reference poténtial for signals carried on the

first apthnaegndd dbddueforbbipdtd ot hhdsibstantiallyecovering the lower
transmssion line of claim1 wherein at | east one of

t pretase of the diplgetric spbptigisy paid gravmnd icordhotas beingdha seferepegipotential
c Mo Do L r i.sslan.di ne. claim2l further
R s e S AR SPp P Dt B 5 " 1

circuit board conprising: a substantially planar

di el ectric substrate having upper and | ower opposin

2. sihhe beesmissieon Hne ghdaiml avheraimaf leagh ane ef the slotipyyestth ppddepth are
eES%i&HH&%hQQH%9Q%H%a6 a slot forned through the upper
sur day'd di"erect

ace o ric substrate, said slot having
first and second opposing faces spaced apart from each
ot her by an intervenjng space, the intersection of
3. sAhetrppsmissiep fae phejaitm & urglier nclyting ppeit-ais didfleptiée in said slot.
defining a first
4. A circuit board comprising;

a substantially planar dielectric substrate having upper and lower opposing
surfaces, said substrate being capable of supporting electronic components;

a slot formed through the upper surface of said dielectric substrate, said slot
having first and second opposing faces spaced apart from each other by an intervening
space, the intersection of said first opposing face with the upper surface defining a first
slot edge, and the intersection of said second opposing face with the upper surface

defining a second slot edge;

a first differential signal strip on the upper surface and extending along said slot,
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sl ot edge, and the intersection of said second

opposi ng face with the upper surface defining a second
wabos/oemgr; a first differential signal strip BPCT/UB®04/043977

upper surface and extending al ong said slot, parallel

to said flr?% gﬂg a second differential strip on the

upsallel 4o, s3id digst ’extendlng al ong said slot, paralle

to sai

(0, o7 HsERAUTRGAE 6kt BRI AAIMSIORE o o,

sparfildel @o edid sémndiedpeandi ¢ substrate, said ground

conduct oy bei ng (?t a reference potential for sig
carri etiPbrag Heunq candugon camlehig, and yubstantially cog%rm&fée lower

gt o [RGLARL SARDEHE gFATL TANRHEH o4 GOy pocni
i @ignalstcatrid cmdheﬁcs:tand sd@ond tiEfer¢miabstigsi on I i ne of
claim4 further including a non-air dielectric in said
slot. 7. An integrated circuit conprising: a

ST‘RES {r%ﬂ] 9414)1%’ 1119% 819&5111‘911 g)h%%h{ élt(ieelss'tJ gﬁé $ALE VJ1<9L¥1 gﬁ(ﬁj déﬂtﬁ ¥ said slot

per “surtaces;
Sbl@tsufealtcﬁfﬁﬁtdhfu’t@iaghoﬁﬂ&toupper sur f ace of said
dielectric substrate, said slot having first and
second opposing faces spaced apart fron1each ot her by

. first
(a)'gh% {S}%ﬂﬁs& g;é():l{]e fne Eﬁ&?% h %héﬂ? ngg“%%%%é nop: ?1r dle?ecgnc icip.sa sald slot.
sl ot edge, and the i ntersection of said second
opposi ng face with the upper surface defining a second
sA@tlnté@@Eed ciropiticempgisinger enti al signal strip on t he

o <o § o0 5ot SRELER st BBhfy BpRap Rl Sighicon and

up@em auﬁ@ﬁ@@n@mdgextendlng al ong said slot par al | el
to sald second edge; pl ana round'cqnducﬁor coupl ed
to, andskf B@'tn@dtﬂilr@ugly ﬂ@o\peer wgfg@mef satsi/@plegtdpﬁdzséram said slot
t cond

8%/119% e?Sg (r{‘utéc% %eé:o%d; ?%%C{Sﬂgefh?eg rsp%ceg ?l} %l‘gglr ea 1’181' b¥ ﬁlélrgerv emng
f bpast, thetht&espiotl oftsdill €@ Pbb&inSface Reth tBe upfee surface defining a first
transm ssion line of claim?7, wherein at least one of
t et erlest andl the itprsegiondd saif segond oppesing Groermitbitheunner stface
ﬁpedugansn133|on line of claim7,
gi ﬁa & non-air dielectric in said slot.

a first differential signal strip on the upper surface and extending along said slot,

o
parallel to said first edge;

a second differential strip on the upper surface and extending along said slot,
parallel to said second edge;

a planaf ground conductor coupled to, and substantially covering the lower
surface of the dielectric substrate, said ground conductor being at a reference potential

for signals carried on the first and second differential strips.

The transmission line of claim 7, wherein at least one of the slot's width and depth are

sized to match a triad connector.

The transmission line of claim 7, further including a non-air dielectric in said slot.
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