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Background O The Invention The present invention pertains to nmulti-circuit
el ectroni c comuni cation systens, and nore particularly, to a dedicated
transm ssi oW@ase@I39st ruct ure for use in such systens/ 2eptember2008n be
utilized in all parts of a transm ssion system chip packaging, printed
circuit board 5 construction, interconnect device, |aunches to and from
chips, circuit boards, i nterconnects and cabl es. , Various neans of

el ectronic transm ssion are knovvn in the art Most, if not all of these
transm ssi on neans, | ind 5 A EsmUEEﬁURE such as both the
upper frequency I|mt and t he actual time a signal requires to nmove from
one poi nt Bhekodp@i O THE Iivditibhe system 10 which is commonly referred to as
propagati on éel ay. They sinply are linmted in their electronic perfornmance
primarily by tHedpressovivention pordaies tosevdlirgiseuil qlectblsmlch:emmwaé@n ﬁilstewm@dm tion.

One tradltlon roac L,zes cond cti such se found in
an edge c% %ﬁ%@%&bﬁp i“a‘i{s%dicééeJSL PRRS Oe?tclI!1 eﬁ:ﬁﬁ‘m for uf%mtsﬁ syts%

structur ewﬁmﬁ'chk{ B Uilize@in A0REHY OF b tendRiiffon Piteth CoH itk SR prigfed cirddif @d’a&?d
within a plastic housing 21 and this arrangerrent provi des oper ati onal speeds

of about BSBEGiongnBowNNG devige, lanpehsy trandtronpehips, hiranithoandntereonnesttande i s
representgqJl y edge card connectors that nay be known in the art as

"Hi - Spec” "and which are illustrated in FIG 2, in which the system i ncl udes
| ar ge ground C’Uﬁtﬁﬁﬁ&ﬁe&ﬁﬁoi&%ﬁéﬂiﬁhﬂm@h@i&iaﬁhﬁﬁmﬁﬁh&?ﬁt Qiisgp,dsest alliof tHege an

I nsul ative connector housing 27. The snaller_ signal contacts 26 couple to
the | ar gelagsutsirm mesnpsaer oy inheyegt spreshlimitations siop.gs pothibrappes Fequereyr es are

not differghtlalye a%ﬁﬁi‘@dlfﬁﬁghﬁ% ireDtd! @Je%ro%r? Ao dgﬂéc Onﬂzg}g@‘é 3?#&%5‘3'

meani ng that every signa nt ac 'S f anke y a groun
operldt i onehichieeanmbrdy rdfitied to yppropdgatipsdaday. dhey bietplyare tintiled ethatvelebtréhi@ Ghz.

Yet anot her i rovenen inthis field.,isr rred to as "triad" ar
“triple" B b B SEATE g sSohTRar G mubaiel prasenstion: R o
plastic heusling Eﬁarbd%h%niﬁés%ﬂiﬂcﬁi}e laaé fsadhrhs {536l fouhl) $n 4EE4FL %ald%om%{oy Qﬁsa

| arge ground termnal 29, and two snmaller differential signal termnals 25

30, as i | {lustraied imdFIGn1. Fh@nsmpe@:ﬁdtxucaye d pbealitheficondudjive pinsy ordenmdindls 24, 8re Pat .

pecd of Mo ¥hes PUE Sl Rk BB R AR PR 1

pl astsi ¢ heomiomo |l\mH@rﬁlﬁhn§1@véiﬁ@ﬂ ugal thiststanti& @ stridhmb Etﬁreﬁﬂe%ﬂtﬁgdy e‘aga&ed a
transm ssion line for electronic signals. In each of these ty

const r uct pewestorsithat say e kpen fnghert ﬁf‘t HirSpec't idovinehae ﬂiusaﬁ@mglﬁa A in-1 WO
2005/ 064738ich t&e&t%ﬁgqﬁ&m?eg (i’a(.srge ground contacts 25 and small signal contacts 26 disposed within

an insulative comnector housing 27, The smaller signal contacts 26 couple to the larger ground

| contacts 25. The signal contacts in these structures are not differential ‘signal contacts, but are
20 merely single-ended signal, meaning that every signal contact is flanked by a ground contact.
The operational speeds for this type of system are believed to be about 2.3 Ghz.
|  Yet another improvement in this field is referred to as a “triad” or “iriple” connector in
which conductive terminals are disposed within a plastic housing 28 in a triangular patfem, and
the terminals include a large ground terminal 29, and two smaller differential signal terminals
25 30, as illustrated in FIG. 3, and, as described in greater detail U.S. Pat. No. 6,280,209, This
triad/triple structure has an apparent upper limit speed of about 4 Ghz. All three of these _
~ approaches utilize, in the simplest sense, conductive pins in a plastic housing in order to provide
a transmission line for electronic signals.

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



structure through the entire delivery path of the system including through
the circuit board(s), the mating interface and the source and |oad of the
system | t is difficult to achieve the desired uniformty within the

syst em whenwidods@nsn ssi on systemis constructed frdhSeptémben006i ns.

Di screte point-to-point connections are used in these connectors for signal,
ground and power. 5 Each of these conductors was designed as either a
conduct orstmctuas thecaugh thef enfirecielidern gathlof thersysteth, incloding trough thedraui bakidfs),di d not

take int t .t ) [ | ffects. Most, Qf .t duct
tos: gned U8 SHOLE HRTEER A F Poitee S ToHLar 8 oteRel s ftowiopgtn s Eostely o
i denti cal ypifoh@BRHthRSHe Rbtehh@hdn HERLARALRR 48R donirudiddTrdoh SIAARMAL %ilﬂﬁ. pi ns*

were further. arranged at” a standard pitch, "material type and |engt
Al t hough Bistietsfrmuttdo-poinhcqmaedtionsren sseddin thesewapestarsiforgigpk grbwnd and fddveni gh

G Scant | nEt RGPS ¥ B BRALS S LA PORRECO A BEFa A B LR 9% cof

Many si gngintih@ifyanddlsSal9Tdidhdl Sakientb REGANSYAERIE MNBHE QRN ANISREf the t he same.
ground return ‘conductor, and thus created a high signal to ground rati o,

whi ch di deongectprs wesre ¢rsigned asesstandand nigfiel& gratbat alli thepins, or tansinalssvens idratisals e

cur rent 1SBReer SR e gRR Br B RHo A Bh S Re ne il U F Yt ™ "
system . hitvBl @b¥riglagsd Bl Yengeqradioagh Bdﬂi@fa§w§iﬁ|§bﬁ&ﬁﬂa@rs@ﬁﬂ&ﬁ opdaibrpeddy, 4" BW )
Is proportional to 1/C), where L is the inductance of the system

conpgénentkigh @qrgﬁqnﬁlespé%dﬁaféﬁqeéﬁ@@nwwlﬁ Sorsjder p condstnre pit dscqplinmmigsiis thene
bandwi dt h i ' i 1o} ts of the signal deli
anaw S,yﬁt-g ethatl &%%%ger%{égéﬁm&ig%%&%&??conponen S O € Sl gna elrvery

system wo 0 reduce the system even in totally

honbgeneous syMduensEgnsl tehoitihls i pine ivi those syitens wikesandctedue the\eme grodnd fepaai ti ve
conponents can be mnimzed by reducing the overall path |length through the
system praRABGPs 911({" RpbergHe %ﬁaghﬁwa P ogR Etigr Whik didiof lend temspivesip t he

system an%eé@glglgail Bnsplififor ¥k ase Bl G860 Laré ool YainRih floSFRRs Snd tHRVEVer

as the transm on frequency I ncrfeases, e reduction In size creates its
own. 15r obl govidy wthirditcutthe ledpis eetuce thephgdsvidthl anfl énvgeake Ths crossitathedf thesy2®Bny, at her
smal | sizgs..H gh.frequencies in the.10 Chz range and above render nost of
the cal cul _SﬁeB%Ip S@%‘%%fag}ﬂg&g?ﬁswgnﬁ?ﬁccept able. In addition to

aggr egat e i ndug4Rsdh ETEWEAR pFdpbARES t@@l@}vﬁﬁr&]ﬁ $d 1881 8kbMEkel I Mid dySteim
performance factors, any non- hormtgfgneous geonetrical and/or material
transiti oepsnnemenis,«C isgheenpatiiancd ofi thessystori aempanenis and BWdh thedandwidihniTiam cut of f

o0 s 0ol bEES BB YRS b Mg oo
congigant @fthéhettin, 3véh iitdthilyhdhdbeReots bstelwilRtihdib@agiitie! The@thdigd
i nches, over which | ength discontinuities mybe tolerated. This di nension
renders -gnd capacitive components can be minimized by reducing the overall path length through the
$ystem, primarily through limiting the area of the current péth through the system and reducing
the tofal plate area of the system elements. However, as the transmission frequency increases,
the reduction in size creates its own problem in that the effective physical length is reduced to
25 rather small sizes. High frequencies in the 10 Ghz range and above render most of the calculated
system path lengths unacceptable. B .

In addition to aggregate inductance and capacitance across the system being limiting
performance factors, any non-homogeneous geometrical and/or material transitions create
discontinuities. Using about 3.5 Ghz as a minimum cutoff frequency in a low voltage

30 . differential signal system operating at around 12.5 Gigabits per second (Gbps), the use of a
dielectric with a dielectric constant of about 3.8 will yield a critical path lengfh of about 0.25

inches, over which length discontinuities may be tolerated. This dimension renders

-



WD 2005/ 064739 7 Septenber 2006 inpracticable the ability of one to
construct a systemthat includes a source, transm ssion |oad and |oad
within the given quarter-inch. It can thus be seen that the evol ution of

el ectroni c W0 a09§mi43®i on structures have progressed frémeptemdren2uct ur ed
pin arrangenents to  functionally dedicated pins arrangenents to attenpted

unitary structured interfaces, yet the path 5 length and other factors still
limt thelerragticdde reabilityyiane fheongiet & mestan Gatigcipdssersonrce, tppmistignlosd | t
was not f | e . ' : i.gnal e to.t Leal
restrai nt@§¥%ﬁ1g2% ﬂ%%{%\lr@ ﬁ%%&?ﬁg&gﬁ%}sfn eg?%tﬁaécg#e %Vg ﬁopggéltg %tgdn?\cgeded for
such tr ansaisgission stridtures beve prepredsédfrom anifiefnf geiciuvel difi anaEessitoto system one

nmust naintain a cgqrﬁlﬁtant .and dedicated transmssion |line over the entire
del i very ivastipnally adicabed nins Arageriantsdo ttenimied ynileny spered interprgs. st tha@athoad.
Thi s swoul d.. 1 : e, ) : | O | | n@%; s, the
I nt ersconn%%%tﬂg%gtg?ﬁﬁgaﬁghﬂ?##oﬂl%g&g%@e?%% %?%#%%&tggg%@r%& g{{)ttgr S Sg ot her
t r ansmi ssit eias netdéaibl siochrrg highdigemey sipohledierio tHeehysioil eatrdintstod thedesyisteasc hi p

packaging. Thig is very difficult to achjeve when the delivery systemis
constrgctf@%ﬁ‘_"?‘? icﬁ'HFQ}iPB_g‘alF’?gﬂEdWB‘é?@tf?W%ﬁr%mﬁ%_ned to interconnect with
ot her indi vi duglodep afiiitiih Y€ eBédi®e Eﬁz%%ﬁié’s%ﬁ;,n%{rstéﬂﬁ}@n!&trﬁ Em\%ﬁ%ﬁﬁh&%s@aﬂ%lﬂles In

the 15 size, shape and position of pi nS/termnal s h respect to each
ot her. Fodedivatedptansmissiomling qyet theaniie deltrnmdli: drom thesouret, dirbugisthe nigrficoeen

R R b S g S R R e L A
- between t fi@r&oalEd 8igadl JadnoRtht@hnd &1 fibMShrRRedicREhilBh ek drhdiifr RAskAgidddneddy | Nt ed

circuit boards, board connectors and cable assenblies are being used in
t ransni ss$ush asgablespand\giverhths semicerdugior dgyice chip nagkazing. dhisis vemdifsigelhtopr i nci pl e

st andar e P g g R afbenf bl ec b R AR R R Sl 00

and
ground painbgconnett siith@kleer diihddnad p@rdattive pirs Secanspdd poestiaiteqiired ichaigepini thei pl e
bei ng. used in such  systens includes inpedance tunjng tao mnim.ze

di scidnt i n¥Fe e aydposginn i die HeiEEHngs FHR respest faeach plgttFos sramrledt A sighiner e
signal an ﬁo%%t&?&@?elﬁfo%ﬁlgg $EiVaEHmb ?ov%ﬂsyt&u&ixﬂicﬁﬂgﬁ%é %08 e fenfmd to 25

maxi m ze the pertornhance. e type o ens a Imted wth respect
-to attai namighe tlectrical icvupdiap. Pighspeetigetvenmenddsignedineiples that Hekdp el srent

[ ti [ di ted t [ d.t asm [ del | . t th-t
over comes PRREINE e S0p Al Eon LB Spatheste apuied fadichorr b,
speeds. 3fuaRUBIARENMeSand bibld ANGHBCE Bre BRI RERISE RendhhiER6d SSteins wilhAb&Le & up.

directed to an inproved transm ssion structure that overcones the
af ordnent toch&Ebps. Sdnpsual pecipla iddheprincipiee! gewddedespaorirchermpvigesaddedict i ve
-3- ‘ _

performance over a standard pin field in that coupling is enhanced between the signal and
ground paths and single-ended operation is complimented. Another principle being used in such
systems includes impedance tuning to minimize discontinuities. Yet another design principle is
pinout 6ptimiza1:ion where signal and return paths are assigned to specific pios in the pin field to
25  maximize the performance, These type of systems all are limited with respect to attaining thé
critical path lengths mentioned above. |

The present invention is directed to an improved transmission or delivery system that

overcomes the aforementioned disadvantages and which operates at higher speeds.

30 Summary Of The Invention
The present directed is therefore direcied to an improved transmission structure that

overcomes the aforementioned disadvantages and utilizes grouped electrically conductive

-3-



WD 2005/ 064739 7 Septenber 2006 elenents to forma unitary nechani cal
structure that provides a conplete electronic transm ssion channel that is
simlar in one sense to a fiber optic .system The focus of the in tion is
on providi wo mosmsepbet e, copper - based el ectronic transfptem BEQ§ el
rather than utilizing either individual conductive pins or separable

I nterfaces, wth copper conductors . as the transm ssion 5 channel, the

transni ssCSHeBE AhivEn e wpHtagypeecnieal siryiurg fhet Brovigend panppiegleciemy ansmission; cal
per for mn%ﬁmﬁa%eaﬁmhgér 6Q0E Ese fbfaﬁ%%ﬁﬁd Shah g*eﬂgfr@c% gf@&%@ﬁoﬁysﬂ

| nproved systens of t' present invention-are Ieve er operating
speeds f opraviding atongilegaaloppardmasati edeciromic dbnsission chiannd] edlsdr . vbiliGng edlier

ext ended h,l engt.hs, whi,ch are ch eater. than 0.25 inc ccordingly, it
s 5 gone i BENIEVEHES G ouuute Piriere o OB BN LagEreESe 10
wavegsli de chhati e AehindSSorPchafndld M@ﬁva{t@ﬁ%iadiﬁ%ﬁlgfﬁmlmme cbgica the link

i ncludes an el ongated dielectric body portion east two conductive
el ement s gedposeet sl gragter hentrod rf epdrational chiracteristice r Bwh. improyedheystepisioftite of t he
present invention is to, provide hi gh: spee hannel .li or. .transm ssion
i ey " hav PHSeh i antsh iRy 5B PrdingRres R AR yund batiimied R a0
portion 13 ReiooGHe kiaxtbnlie®paiR 1@k QGichiafe Mhdurdai&iehars eslindhel ectric

constant, and the link having, in its nost basic structure, two conductive
el enent s di spodeeprdinglyhibisegeaeiobobient pf the oresing nvention theretidarmrenginedsed ng of

simlar si n e..an ri I: 0S4 {.00. ach other, so
st 195 oot SRR PR sl Yo Rt P SRS AR kBB by

est abl i shichggned dicletitiabo®} et adl at ag twoegRRtiiee démdmsdibfiwegond the two
conductive el ements and maintaining these fields throughout 20 the | ength of
t he channékteripnifarface thereether obj ect of the present invention is to control

t he i npedance 0 Wal'e : ' WA tive .

el enents and t eo%%w%ﬁﬁhg%%%%%hﬁgﬁg%’ﬁ% %]rj@slu? ?%c%gﬁ})e? ﬁl’?ﬂ@?el ongat ed
body. t o mamandndssordialephadnk or elomdatedbodeportibrect a giead créssreagivet the bbidepatton Yet

200 151 OBt Sy bie PRERSRL UCL R R 2 0 S ARDNBS, Bl oo

grooves f grgBrdchnd, o csidsivellGnentd Bsds @A Ge BRAUIAGUARRARLES, B dRWRksS and
t he grooves being spaced apart by intervening |lands of the substrate, the

si dewal | s beirg ofigimijaszecandishateragd ariederdiiberepn, én pprogitionlto caghpdst,se ds torrégeeon,

such as b l,ating or deposition,.to.feor ectnoni.c transm ssion, channel s
ot ehi -t hand et Ay ERE Bk b el ETMELE S TiGe ORI SRS BT °
provi de a nfipGetRITHddeRtvedn SeMero@uhdiRtivd dembiiiCihdabaihaisig theRdlclds@hrotghadtict i-ve

elements are utiljized to provide differential signal transmssion, i.e.
si gnd? i n thelength ghile shagrellinkut the pair of conductive el ements being 4

A further object of the present invention is to control the impedance of the channel link

by selectively sizing the conductive elements and the gaps therebetween on the exterior surface
of the elongated body to. maintain balanced or unbalanced electrical & magnetic fields.
7 Yet another object of the present invention is to provide a improved elecirical

25 transmission channel that iﬁcludes a flat substrate, and a plurality of grooves formed in the
substrate, the grooves having opposing sidewalls and the grooves being spaced apart by
intervening lands of the substrate, the sidewalls of the grooves having a conductive material
deposited thereon, such as by plating or depbsition, to form electronic transmission channels
within the grooves.

30 _ A still farther 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.¢., signal in (“+"} and signal out (“-*), the pair of conductive elements being

4



WO 2005/ 064739 7 Septenber 2006 disposed on the exterior of the dielectric
body so as to permt the establishnent of capacitance per unit |ength,

i nduct ance per unit |ength, inpedance, attenuation and_ propagati el ay per
uni t | engt hwoanes/esbabl i shing these pre-deternined perf gﬁ be}5§BQ ters

wi thin the channels forned by the conductive elenents. 5 A yet further

obj ect of _the present inventign is to provide an jnproved trapsm ssion |ine
in the foﬁhﬁli‘%?‘?%?l é’ﬁle?”&n?"i qulﬁ,‘e %Eleﬁtfl@ﬁ’g%gﬁlﬂa?tqm&% ostablighment ok fapadiagesct i on,
the link j | DR | : | her eon
that servEretguia, HincRRTer ubRhen inpe R sk SR SRR Rl i g at
| east oneutihiength, and eetablisbingdhest potddteminet peifeinaheapangmdters withoritie clianuels
surfaces fligsﬁgﬁe t hey eon, 1t he .conductive surfaces extendi ng | engthw se of
the 10 fif% YRR GOLHSEYLIFITHY two circunferential arcuate extents, the

condyctive surA?sﬁﬁrﬂ&a%j@woftt@@ﬁe&nﬁmﬁtﬁﬁ@s%bwira@ﬁqﬁap%dae&aﬁs@nﬁéﬁm

di screte, two-elenent transm ssion channel that reducés the current | oop

and i n whinghe fona of p gelid lido nfiprefesably wriformogiesular crlosd-sectivn, dhedink ivdedingat her

obj ect of e._pr nt, L.Avent i .St [ OVI a_non-ci,reul ar. fransm ssion
"ohe’ " or ehita Rt SRS Haab e Sl Ak dboldh BB B B W0t B R B anout o
or squar etheterphy the 1iFE MHehidingld 1dastind thid Flechesf déleaitit dgtiaMiakihgdivo | €ast

four distinct sectors disposed thereon, the dielectric nmenber including a

pai r of cemdudivevaiesdispssd Bieregadhe panductvgsnferen extensdies lgngthwiseal &a t wo of

t he gsecto i ' ' ar., +T i nvention
hecalo ! Sfme i SERAT B il R LN Qi fledonad i RS dl

t ransm ssbeing tcpmeted troucéach ether torfomn e djstieRcivadlerasnenhsmigsibd eagnmsl gaton | i ne
that is formed from -

0 conducti ve strips al ong the opposi ng edges of slots
t hr ough s dhecurtent 1R B & HHHL FANSuFiBHY ars e UEHy BBe i red [ n a |
singl e subst rW&-m%@%@é&?ﬁftﬁ??&%éﬂr%nﬁnﬁsﬁiﬁ&%ﬁgan&?—g&&ﬁﬁ&m siGPRgICLT ve

strips of each transm sSion e can be termnated 1n a conmon pl ane,
enabl i ng fondighrspeedmpplidationd, whichgoehudss an elongatddarectangular dr sqare ditleside membet r at e

b ich signals can be routed, directly to the . different tpansm ssion |ines
o ol B erf i ik St IR RS il SR el Bt R it
features apghbadvatliagepaidbf tdhguaiveeRitienis AMSAIvAL dkh bihbeakl Bpbbed ontRgRE St 0od
t hrough a consideration of the follow ng detailed description. Brief

Descri pt i 8w seftorgrighilepopaneted by pminterecngngisedar. of this detail ed description, the
f i1l J : 005 L1 el oh.
oo | L OB e ISR DA Bt

FIG 1 is a sc an v e termnating
connect or glot frdnSinisgioh dina siswieant Irconelpaincipal @speof, a dmanemigdon Biekhatde fhrinad &ofni gh

speed connector; 5, WO 2005/ 064739 Sept enper 200 }
_ P 20 conductive strips along the opposing ecdes op s&othn‘oung'L a d?electnc. Several such

transmission lines can be formed in a single substrate. When such substrates are stacked

together, the conductive strips of cach transﬁiission line can be terminated in a common plane,
enabling the transmission line structure to be mounted to a planar substrate by which signals can
be routed direcily to the different transmission lines from contact points on the circuit board.

25 These' and other objects, features and édvantages of the present invention will be clearly

- understood through a consideration of the following detailed description. -

Brief Description Of The Invention
In the course of this detailed description, the reference will be frequently made to the

30 -attached drawings in which:
FIG. 1 is a schematic plan view of the terminating face of a conventional connector;

FIG. 2 is a schematic plan view of an edge card used in a high speed connector;

-5-



FIG 3 is a schematic el evational view of a high speed connector utilizing a
triad or triple; "FIG 4 is a perspective view of a grouped el enent channel
link constructed in accordance with the principles of_ fhe pregse {)

i nvention. Ywobkbfsnsfrzd s a schematic end view of the gr ﬁ%@@%ﬂ 0ﬁhannel_
link of FIG 4 illustrating the arcuate extents of the conductive el enents

and the spaci ng[ there between, FIG 6 is a perspective view of an alternate
embodi ment of BGyBdupracmpiimeiatienrshwiew of ahighepeshennenteratilizing addat atance wit h

the pri nch_gj &S of the present invention. FIG 7 is a schematic view of a
transm ssion’link of the present invention used to connect 10 a source with
a | oad havi ng Fitef Rugespetivoads ofn didiped cloamsni chehmeNihll Sdasthidtéd in8 is a
schematic view of a connegtor edﬂement utilizing both conventional contacts
"A" and t HEOTIERGRSHEISISs BHGPIEK A thgspreggnt INENtOHyent i on, with enl arged det ai l

portisons at " AmycARG; 4 gdfem} ﬁh%fng%egv {)f tht Elto{lﬁéd e@&gér@ gha%ﬁgﬁﬁﬂceo?%ﬁ}g{ 1%1{1&&\”@ ance

in the respective systens S a perspective VI ew of an erna
const r uct ihenrrahieaxtents bof thie cohductiveeememnand théispacing therd gttveangl e bend f or med

therein; FIG is a schemati.c view,of ? transm'ssion line_utilizi ng] t he
links of the pfich8nt®PIFRrERts Bew Of:q@?e@fwnbgdﬁ@?ﬂé pet groyRed Alamr Fagael at i ng
al t er nat eliﬂ?éﬂn@ﬁ&&émﬁibédr@ﬁée%mﬁﬁeprﬁlbﬂ%% o?ﬂ;g%?@sent'fiﬂ% péd.on; 20 FIG 12 is a

perspective view of an array of differéent s es o Ielectric bodies

il lustrating aFiGefrima sthewatinrgew wéa sramsisstondinkanfdtermresest infinBon 1$:dits cennect
perspective view.of.,an,array of non-citcul.ar, cross-section dielectric bodies
t hat 1|%mayba sQpEesviha Jo EH‘?W%%@“@F ?ﬁ?éoaldﬁ%m‘?t@ﬁ?mﬁl@ ﬁ‘%& is a perspective

vi ew of anot heriRBhAY sbmBR Wb b bl baneSbOd smeR GilifNs bt lcBftchtibnal dontdpdi es
suitable for use as links of the invention; FIG 15 is an expl oded view of a

connect or “A3 swhibe {ransmissiqdinds i By obtharinventpme with entarged detpih poipng #EA” a0dnt i on
that is u t LQV] ra 1 ssi-on. Line.between .two connectors; FIG 16
is a persé@ﬂﬁe%gg\}]i?ues\lfv%g ‘%gé ?:%cﬁr%%i%?rfmalslg%nrfgll@ﬁ"r?ﬁslpﬁ%}wf%%&%%%nector housi ngs

i nt er connect edFigy Sti1@pdrkrRoRve ek 0Nar litknatd conbtfactid® of BBnlfb{Ghe hifedt®navitha
di agrammatic view of a transm ssion channel of the present invention with

two 1nt er Bghfrregieibrrd Hrsedkiierd red at opposite ends of the channel and
|2lolog /Sgg 2%89 7t eﬁ?gt#ge[e‘%ch%%t%cf ViGH o) RadbitidoR 186 vhiltSink MEeREL Qﬁme plesdP
invention; : :
FIG. 11 is a perspective view illustrating alternate media compositions of the links of the
invention;
20 FIG. 12 is a perspective view of an array of different shapes of dielectric bodies
illustrating alternate conductive surface arrangements; |
FIG.13isa perspective view of an array of non-circular cross-section dielectric Ibodies
that may be used to form links of the invention;
FIG. 14 is a perspective view of another array of non-circular cross-section dielectric
25 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 coﬁnectors;
FIG. 16 is a perspective view of a connector assembly having two connector housings
~ interconnected by the transmission link of TIG. 15;
30 FIG. 17 is a diagrammatic view of a transmission channel of the present invention with

two intercormecting blocks formed at opposite ends of the chaunel and illustrating the potential

flexible nature of the invention;



FIG 18 is a perspective view of an array of differently configured

di el ectric bodies that maybe used as links of the with different |ens
characteristics; FIG 19 is a perspective view of a myultiple tra ] SSi on
l'i nk extrusyghgdlptdisdi fferent signal channels for rred%é@l?f@%‘?e“ﬁm 20 is
a perspective view of a nmultiple transm ssion link extrusion used in the
invention; FIG 21 is a perspective view of a mating interface used with a
di screte transiiGs 8 ra persplectivefvidavhef anravep bf differehily vdiifighredidacyid totls flat e

takes the formof a.hollow endcap; FIG .22 is a rear perspective view of the
endcap of “Sfi,asPfﬁﬁf’é,f?li‘ea‘f’%hé?@ﬁé‘tE’é%%acteﬁ}_ﬁf“@beni ng thereof that receives
an end' porti ongief 16 6 fei BRSNS AWHE m&llﬁgifhﬁihiﬁdﬁ@éioﬂﬁ% exdrisiof vath digabR!

perspective view of the éndcap of FIG ustrating the orientation of
t he ext er$ignal chanpels farmegil@eorsq is a plan view of a multiple transm ssion

i nk &tigh d |y, 15 Fl. 5 [
Vi cwol “an al CUChR0 b AREERDRCT ot S BRB O emER ek rer o dEIS Bhr (e

connect oringgarabl y; FIG 26 is a perspective view of a connector suitable
for use in connecting transm ssion channel |inks of the present invention
to a circuit bF&k a4l isAErspedtivei evwgokdmptingdnterfecespetwith o discusie ttamsmisetonbnhe?t or
of FIG 26,4 F at . 4l . 20. nt 0, Q i nt al contacts o

t he conn egﬁd&% !nk}%{lqg%’ @3@“?%&3“3&?%%%%% tlgl\gges t]\§/e| @EW 8% a %@E’W ?ﬁdgélg or contact
assenbly of t hEIGe oD beciearpepdpettivevien?dihbe sddedp $FEGSE I anatrhttngribeesnegd and

illustrating the structure and pl acenent of the coupling. staple thereon;
FI G128 | epepingthasotdbatreesivay ansndpogiond dedbppaistion ik tefel 26, taken al ong

| nes 28-28 2 : i Y i [ [G
subst ot o wi t HChes N oo Fersbledvd R AL ARG, BhofullpBiidblafon, .,
of three ditht exdtniorcosiatist r at es assenbled into a structure wherein each of
substrates ha sl ot transm ssi o ines. FILG 31 is.an end view of a

mul ti - subst rats%&:'\tl\?%ﬁsarﬁlg%?’ﬁw iaﬁt&ﬂté@? %ﬁsﬂﬁlﬁ?‘mﬂ’g"ﬁg& anglp, purved conpegtar ¢ j ve
view of tgrghmel ends of conductive strips and ground |ayers of

mul ti-dielectric structures such as those shown in FIG 30 and 31. -7 WO
20055064739 7 GEpLé ireperspacitre videt of dnadiebatecenghuchon dfonFétheiemiration ends

Embodi Ment £y conector assembly;

FIG.261isa pérspectivc view of a connector suitable for use in connecting transmission
channel links of the present. invention to a circuit board;
FIG. 27A is a skeletal perspective view of the connector of FIG. 26 illustrating, in
20 phantom, some of the internal contacts of the coﬁnector; )
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
25 . thereof} |
| ' FIG. 29 is a perspective view of a dielectric substrate with two slot transmission lines.
FIG. 30 is a perspective view of three dielectric substrates assembled into a structure
wherein each of substrates has two slot transmission lines.
FIG. 31 is an end view of a multi-subsirate transmission line structure.
30 FIG. 32 is a perspective view of terminal ends of conductive strips and ground layers of

multi-dielectric structures such as those shown in FIG. 30 and 31.



FIG 4 illustrates a grouped el enment channel link 50 constructed in
accordance with the principles of the present invention. It can be seen
that the link 50 includes an elongated, dielectric body 51, preferably a
cylindri calwhish@wente that is simlar to a length of f1 é@PtQmBEEZQO terial.
It differs therefromin that the link 50 acts as a pre-engineered wave gui de
and a dedicated transm ssion nedia. In this regard, the body 51 is forned

of a dedi Patad il Eynbedimientsdi el ectri c constant and a

plurality oc ' %B!i ’ r , . FI 4 an t he
conductive el e@e&g#gﬁ% Etgrglé | _E%dgﬁl%ng as‘gg?%ﬁggﬁés 3%?3%%05%“ d?ll’cae%élgﬂg?
strips, pindflesadmichintdedeinvaition IatandivdeendBatshiclink S(hiayludyanketonigited]i t i onal
copper or precious netal extents  .1Q havi ngh%,de,f i.nite cross-section that

maybe ol 8&loHE et mrdeably p sylndgical flrpenh dhatis smasiondength of fiher oplitans t o
the diele L | kR r / exterior
surf;yce S@E{S?Elf Egﬂﬁgrggheg%fo&gﬂﬁggﬁ’ebly a ﬁﬁ"ﬁ%ﬁ’?g@?ﬁeﬁe& vg%g\gg@ﬁh%‘f%egosi ![ I on
process. ddkcateddndsmisiiviemiediaciashis Agadethd bsdosled fameihd a dedieatéddiclsetribace and

have a wi dth that extends, along . th erinmeter of the dielectrjc body. 15 At
| east two W%ﬁﬁﬁé&e&@wgﬂﬂgéﬁ & fioopductiyy glemgyts y2 aprlied dasgetpor -
signal - _CRIMEXaDER Sl ontifiR blofons 5998 ifustah s 8ntRePent il 82800 sflps
volts. The use of such a differential signal arrangé&nent permts us P8
char act er b2 ef ®nduntiva nateriof andhassubhy ey maybe srmdipioral cepigrr nepreeidusvaviabextahes t hat

i nt ai ned . substaptially the entjre |ength he .si gnal_ del i
ot HD Thehiate hietEite SiPateahvt Bt tiniky it cratheEuie Giaheb PEct Y 2SS Lo
occur Wi t BinBr BGnk Rethb itkect:ldboli6f i (RL §6t TIRRO AR Ve foffed dnl tiStAigigd in FIG

5, the conductive elenents are’ disposed on"two opposing faces, so that the
el ect ri caburfips fhofthe bedyedciucioas hyrrsuseepletinger wiveure deppsition pfagesseddh ot her

t hrough the diel ectrig bo upen ch.they. are.supported r.in the case of
a conduct ?R?E&tkvﬁgﬁ%‘ﬁ% §2a eg%]f qsg(g%ll @gﬁp&ﬂ“ﬁ.eg H%PW 38@51%2?‘” ﬁ’ia{)exit%ﬂf 8]1011% €and
as. i || ust pateded of e dd8ectd®boB0, the conductive el enents are di sposed -on two
or nore interior faces of the cavity/cavities to 25 establish the primary
coupli ng node &tiees ve fch canduelprsap uid aneprhdinghtynivelly sregsed feetignat. 1 n this
MANNET, * BklddicoQlibitfid SERAN bl WA ity URY. v Thi Bledtoith 4 e

el ectrical "equivalent to a I Ber optic channel or extent. The present

i nvent i ondiffereadiislatgnebartangahent pervdiaus teenheguiedessiruthecsfidg inveienal ptde
present inventiqgn are.intended to majntain electrjcal, signals at, desired
Cevel s of MR EAPSAIPIEy maitalie RY AbeRRiRIbHES Suis IORCR SREaD Ghy ¢ o

at |east &aiv'én?%&.aﬂiéﬂé ef @k @Qle)éiﬂ&ibgﬁ‘gS 1 prloRidE SR p%%@ﬁ&gt@%&cﬂ?&%ﬁbed in
U S. Pat. No. "6,377, 741, i1ssued Apr. 23, 2002, tégl cally rel’y upon a single
out e20 coatherdiyk. Iorthecdimgltsirambodinanh gs Hiustrated inifle. ¥,4h¢ enndirstive sleorseisties t o

el oot ed Fpeet PRI SRR Qb RLGABER A GREE NG R Ry PR T BT, 1 o

is for each other through the dielectric body upon which they are supported, or in the case of a

&

=14}

conductive channel as will be explained in greater detail to follow and as llustrated in FIGS. 29-
30, the conductive elements are disposed on:two or more interior faces of the cavity/cavities to
25 establish the primary coupling mode across the cavity gap and through an air dielectric. In this
manner, the links of the present invention may be considered as the electrical equivalent to a
fiber optic channel or extent.
The present invention is directed to electrical waveguides. The waveguides of the
present invention are intended to maintain electrical signals at desired levels of electrical affinity
30 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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di spersal of the Iigﬁt traveling t hrough the wavegui de, which advereely
affects the light beam of the waveguide. M crowave wavegui des are used at
very high frequencies to direct the energy of the mcrowave beam rather

t han transrwbzb(tsm@;sm@xerrpl ified by U S Pat. No. 6,114 St?ﬂtembétlEU(lé Sep. 5,
2002 in which a mcrowave waveguide is used to direct the m crowaves at the
center portion of an oven. Such a directional aimis also utilized the

m cr owav eanagy BIoMiAg i & selt:aﬁec‘ecﬁmhtloﬂ rBiteninge in théewter doatieg/clhddmy wiiluesidsinar e used
to focus i hee y of the light Qqr I Cr owaves l.i ng through
them wherBgsdios tieishpraene Honsbits Srveriie it deyely efereie %gttrhsewe s
engi neer%ﬂew« aat &t«mvpatve galAOReO bt Ry & fe. hé fghre
rate of 10 prg?gat]iw(l)novmt @ﬁnm ster?t m%redg?gﬁ%e%gl ﬁ%ﬁd atte uatlon
The ef f edld mEneeye béam, rathés thmstrmfsmtth’easmeapltﬁedlhy\léﬁt ParNartel ldgi@nsmad upon

t he gui di mai.ntenance of di I gnal.s thr h the annel |ink, by
11751 ngoho T2 RSP EE RO oavademeis Bt oivss Memmlav et AT . Th s
Wi [T i ncligffn BRENSANNISeh a tteednehﬁgtmtsvatéafunttb}@d b Eﬁ%wavé:ﬁﬁéthQ hiti 1 @adnhe

em ssions and minimzing |oss through the Iink. The channel |inks of the
present iGtinaydhese Hive obwerdghideharcabasldo tfmgrrdeduest this ehetgy of the lightsir gnal s
transmtted ther hro cont oII|n the material .of the chan eI i nk
hnd & he. JumenreSelgmEtobY, rBah v SRt Sl it o e el wi .

coupl i ng s%étbrebﬁex@r&&ﬁed@cﬂmaﬁtdi@ﬂ% pﬁdpagmn of ReelpiRsa @ignalravemghﬁy}aeroeat es an

engi neered transmni ssion |ine by defin n&yg regi on of electrical aff| nity,
i . el0 therenagativaviibe myteniamﬂpe@awm adgre tﬂamuwnconduct ors, i.

conductive su ) ositive
GiTrerentai anoeavaeseys PRAS @yt ovenSip AT BeBIRRCT L
surfaces sb2 nﬁttﬁenandeatf@@tabsigﬂaﬂﬁhoﬁgb e chsinel lhikgl yy billiding SRR dré cdhductiveach
ot her. The d|e tri.c.body 51 shown in:FIG 4 takes the formof a

LFS

cyl i ndri carfagepaf cleghigal conianment; Jhiswill inghyle maigiaimgthepiserity ofdke signabyal - | i ke
conf | gur abjfind the ARNiORYE niARhAHGSesliSuAARAHEL | ¥ GUEIARRS Rindgakhd 52

extend for distinct are 25 |l engths. are representative of
a " bal andecthtidn evatapd theh:kzctmmmtmﬁelvm&the sipmals ransmitbfdgheethroagh bxt ent, or arc

length C of, t f t.h d th :
o ¥ Sunt orBirdtine b bRl e fioRd R ST 8 Beptorin o B empEenis oo
surfaces pifeedd fidl@couplifl G4l bé FroPRey. Sitphf atél, BR JriRnSiBvEiod Bledtct 800t h May be

considered to define a gross sggar ation D bétween the conductive surfaces.
As will tﬁegeﬁqstchtrmmw@@néwebﬁﬁ PGk reERpSE eletémbdlaﬁﬁm'e’dl e.3be diclentrisbedinf t he

conduct| e L BERRRRY pARBICRIE LERLD, WAL FGRLSE LR LOCLOAARL . and

in such ransm’55| on T eé-ended,

or non- dlahﬂgbgm.acaffeﬁnmaﬂgnamppl | cat | ons In i nst ances where the dielectric
body and |ink are circular, serve as a__-9 WO 2005/064739 7
Sept enber 2006 ilgsipigd betirin E% 553166@0 etndwtffecmfapeé 6hAeABredmm e at i ons.

Thi's ci r cliah: CERS15% Shpoitiof 88RIM LitRE, OBhe dielectric body 51 shown in FIG. 4 takes the
form of a cylindrical rod, while the dielectric body shown in FIG. 5 has an oval-like
configuration. In each such instance, the conductive surfaces or traces 52, extend for distinct arc

25 lengths. Both FIGS, 4 and 5 are representative of a “balanced” link of the invention where the

circumferential exient, or arc length C of the two conductive surfaces 52 is the same, and the
circurnferential extents or arc lengths C1 of the non-conductive exterior surfaces 55 of the
dielectric body 51 are also the same. This length may be considered to define a gross separation
D between the conductive surfaces. As will be explained below, the link may be “unbalanced”
30 with one of the conductive surfaces having an arc length that is greater 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 dieleciric body and link are circular, the link may serve as a

9.



the sane type of construction as a conventional round contact pin. As
illustrated in FIG 6, the |links of the present invention may be m)dified to
provide not only nultiple conductive el ements as part gf t he ovez\ § system
transmi ssi oworesioas73but may al so 5 incorporate a coi ntPERHMBER2088x al
fiber optic wave guide therewthin for the transm ssion of |ight and optical
signals. In this regard, the dielectric body 51 is cored to create a central
openi ng 5Pntaki o ged W‘hedﬁﬂlaﬁﬂ T@pIOP%QQFOY Eppicptics. dhiseirdelar Ewcerticvadenongratdss may
be trans S t. signals 60. FIG 7
schemat i E%é%%&geﬁé‘o C%g Jr%%é%@sﬁ%ﬁ qn%cgnﬂfgtq ’chorporatl ng a link 50 of

the 10 presentAd 1numtadeﬁ FI(maﬂ, itexinkn dBthb sicpee hveniiRuhSFbcihodified @ freage k. The
conductive surfaces 52 of the link serve to interconnect .the source and

| oad t ogedmhemultiple cparyotiye clsmigals agparbefdhy Qveralbaystemgransmissippstia: Bitamy alsour ce
A e oo G toRRROARE Lok OATD S THGRE AR rRrd i NP LR B pisRIE O] L0

|rrpedanc ough t system npedarice IS es source
and nmay lght amﬁmﬁnlcddlgmlsaaidﬂlwegseﬁ,ahddaelycmoad@ 51013bhed1td areaawaimn line. 15
FI G 8i||us_tr erratlcall the dif er nce bet enthellnks of the
pr esent i‘?ﬂ?@ﬁ‘ﬁ ]B%%?Rt’rc er &% R cirigpl sign %aSbTEﬁtFFnﬁmﬁ?gtrat ed

as supporf.reh & t Jsi %ﬁ[% : Tvvo di screte, conventi onal

conductors 7 §}1en§do”¥g%1 S%h pper or another conductive material and

ext end t hr oughFIthesdhemeticall§ fllustrateh e tramsmisiondine 70 mmorp%satmlgmv]mki 50 of flear genent
the two dis e.c tor resent c ture wt

| 48 | naREiRHouS DS e SRS bfresR b SRECLT) A gdBD T P Shsve e 3 o

di ffer ent Y jink B8vd foHiSrcBincct e BHBSSH 16AUEHNR s KRN Gis %th%f'@e!cbﬁary foRdhuat ance

(L) at a constant inpedance due to the proximty of the conduct’ive surfaces

to each widyaediafg thmgmce orbide dpadt ﬁ@cfbﬁemt@élr}'rlbaﬂsW@@iﬂe@h@l@yﬁﬁem@ ons of
Lhese | nls ol 80, G SORRDRN hthudkd A EAULRCVLLABREOF AR SpiAdy YT Ui o7

will be the pre ery ng Wi GUct V8 Sur f aces

bei ng extmaﬁbﬁm&ﬁbdbﬁ@ddﬁg@de&ﬁdamomwmemmmi@imey applied of the 25
extrusion, such as_by a selective plating process so _that the resulting

condfruction iHGef 11%‘1%’63%3 aehsmatipallysthe diffpzgncebgiweende [ipfs prdhegresendnyendpact ri ¢
body 51 apg JoF}fr'eng suc u@ﬁ%s%h%?é%ﬂ?ﬁlh&‘@atecﬁ#he Con%ggﬁﬁ%‘féacﬂléﬂ??d’k%n maybe

easily contro an extrusion process tive surfaces
pr ef er abl Ywedisertt, émveritivaall condidiore 77 tedordied oot cappetwdypotherctomdnetiend slightly

£ anoim SBT3l ST CEB R S oL 658 o FEties ObR- bR e AR EBBOASt . As
LG, D 8 e Rl o8t bbqR i SRS R EORIBa Lo pdats o
ang@Par otheentarged amenAk)ogh tht;: diffescddly,Itha ke 00 Bie@aate@dnvenop hawtaemale06
inductance (L) at a constant impedance due to the proximity of the conductive surfaces to each
~ other as positioned as the dielectric body 51. The dimensions of these links 50 can be controlied
in the manufactaring process and extrusion will be the preferred process of manufacturing with
the conductive surfaces being extended with the dielectric body or separately applied of the
25 extrusion, such as by a selective plating process so that the resulting construction is of the plated
plastic variety. T he volume of the dielectric body 51 and the spacing between conductive
 clements disposed thereon may be easily controlled such an extrusion process. The conductive
surfaces'preferably extend for the length of the dieleciric body and may end slightly before the
ends thereof at a location where it is desired to terminate the transmission line to a connector,
30 circuit board or similar component,

AS FIG. 9 illustrates, the dieleciric 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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t he conductive surfaces 52 extend through the bend 80 with the sane
separation spaci ng between themand the sane wiwdth with which the
conductive surfaces start and end. The dielectric body_ 51 and the
conducti ve worb@aes3®2 are easily maintained in their %ﬁ&ﬂtﬂyb&ﬁ@@épar ation
through the bend to elimnate any potential losses 5 FIG 10 illustrates a
transm ssion line using the links of the invention. The link 50 is

consi der efe gendgctivesyenges 37 erendibraugh diahead B0 withdhresame spsratios spaging betwdeact ri ¢

bodies 5 Of a1 ) t O N ' i t, board
05 Thi o B Al BRSamE R iR iy b8 chDLAR A S off LI SheBIEMIROT )
at the cigicandtthdamticetivisadfmes 51 raBadilemditaikedsh théipdpasig Bidicparaionythrough

di sconti n‘éi éi es a{_ a mnimum i_anlal so provided. These links 84 maintain the
grouped a&paerd tgelimgata ey Ppisplslesssson |ink. Ternination interfaces 85 may be

provisded wher exihey, fifnbkadsS 4 AR50k ﬁge Bé?n%ﬁaﬂ M&Qﬁ{ﬁ?ﬁ%i ndif ST

geonetry discontinuity or |npedance discohtinurty. [n . manner, "t he
gr oupi ng ahsititred epnttusmisspnablt doerd fionnaient: aiopesingly diclectre bodieg b and ohdie

transm ssiagn.line resulting in both onetric and electrical uniformty.
FlG 11 ;TG s tengmgte it%wnw? it o 83 G srageaHion e e AR in order
transm ssj b e irAMERYEP Y T il a
central ?82%3{(1:]%1 gé;éggﬁ sicgﬁté%]%l?ragiﬁaggirﬁ:}; a hc?)l S%V&dt?%ﬁigglt@??@%%rgéﬁgﬁls% ch in
turn, suppsongnuyiti¢stat piménipondisatso peovidad! Tbew s 8hamintaiwtheepaipad egedipf an

S BB 8 TR B 8Bl e TS
- is carri efle ByndeB8r #BR idinuEOREHREP disSehtinkily bMifpedindsiliBedntintity® In afis F1 G 11,

the central cover 96 is preferably made of a sélected dielectric and has 20

conduct | viaarigr.fhcgreumys el erndaetivgryuiteces i mprinipined pvas thelersth pHibeal ati ve j acket

98 is pr I J | . : ] the inner link. The

| ef t nost %ﬁ%%énélﬁ&%‘éﬂ%ﬁgﬁﬁoggé%ﬁe%ﬁ%@g%g%@g%#gﬁﬁ} icket 99 that encl oses
a pl at eabl e pdGEIEt {lmstEdtess VdRtytdfdiffeedit croed-septi@istof @ie tnsaidsicn k39 dthe

i nsul ative core 101. Portionﬁ 101 of the _ring 100 ar lated with a,

conddct i vEVentigpe [} the rightyogt ap CORFUGR3 AP é‘ﬁ’lﬁﬁléﬂﬁ’VG@ % dislacttife t he
two or : i \GmnS '(?‘@s%ﬂ oS | e1td Ng.

Al ter name %Q%ﬁg%r t éeﬁb% emn?@eﬁ%ﬁdﬁ%&%ﬁg%}‘ﬁ%&?é%?‘téshée]g link 92
may be fiintercknivigtspac preforablinBiedoritispated ofWedicleaiie olyi 9n dhisrenttexctiinyisway  of

suitable standoffs.or the lLike. FLG 12 illustrates an arr of li.nks
170 112« PO A0S siopep GentieRing e RO LIS T Y e PR g EieBE 0. & By 51
to form dinfdos @ik ott oes. Of tHe'RMScEver 9B id grifemblylshdde of 4 Qelbatéd diviectEio Betlicdsi ve
30 surfaces 52a, 52b of different arc lengths (i.e., unbal anced) disposed on

t he 28ut er candpdtivesudices Hesuppertedoanit. cApedgetize ovler infativetieckit s peGerdly  provi de
si ngl e- ended. .Sk gn ' [N 1.0 - sized (or
“bal anced?p idan vt aTaRL S Rye hDipd i SieichiRs Yz FRE6 1 4G,

2005/ 064 7pQtettinenita@iiget RGOS encloses a plateable polymeric ring 100 that encircles either a

conductive or insulative core 101. Portions 101 of the ring 100 are plated with a conductive

material and are separated by unplated portions to define the two or more conductive surfaces
25 desired on the body of the ring. Aliernatively, one or the elements surrounding the core or of the
link 92 may be filled with air and may be spaced away from an inner member by way of suitable
standofTs or the like. _ |
FIG. 12 illustrates an array of links 110-113 that have their outer regions combined with
the dielectﬁc body 51 to form different types of transmission links. Link 110 has two conductive
30 surfaces 52a, 52b of different arc lengths (i.e., unbalanced) disposed on the outer surface of the
dielectric body 51 so that the link 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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differential signal operation. Link 112 has three conductive surfaces 115 to
support two differential signal conductors 115a and an assorted ground
conductor 115b. Link 113 has four conductive surfaces J16 disposed on its
dielectric‘pngBQ%”&p whi ch the conductive surfaces 11658R{eTaperd006nc| ude
two 5 differential signal channels (or pairs) or a single differential pair
wth a pair of associated grounds. FIG 13 illustrates an array of one-type
of non- ci diffttentiallsignklsopbfie22 t hat pol ygonal configurations, such as square
th link 120 o ons.as .with

fi ti _ ] | £, {
ks 121- 12 Linhd U hhasitures Pondogiy suaess |ty SpaPus HEEeA HER GpuetoRy | and
portions i3 .40t Babiéd SowEdoRbndir 1]951;1 itk 365 RABIEnidile GRRELCT TGV e

material . Individual conductive surfaces are disposed on individual sides
of the di &bmoeed orithddictaintody B imrvdiiththelcanduetivietsiefhces il Yuay pitlier inchide twie

conduyctiv urfaces are arranged, on Qpposi i,des qf the hody.. These | and
port igons %%ren@y@aﬁ:ég@eisﬁn ) OF %ﬁ'@%@#ﬁ%&ﬁ%?a&% - W"tﬁ?#ﬁ@gi ng
connect or groliiis? Manner so that contact between the connector terninals (not

shown)- and the conductive faces 125 is easily effected. 15 FIG 14
i | lustrates sdfie. dddlsirgesdn aiagoéenaiyee dowheircelankinkyd g04a2 thet polygadalni t h t he

present | t1.on. e bad 1S showa - as: X Ll,e the ofher two
Podi oo 13 g5, e B SRERe BB RO S L B g a8
circul ar @ith%sksEAtioon Tat deheiriitetiRe 51 indy boeiiasicd asthrojéding &maYottns 125

concentrate the electrical field strength at the coners of the conductive
sur fices, thatgsp plated oz pthgrvips covensd asithrogpductive aptstal. indiydust camtyctiveagrfacesendency

to concen .1 8] . . ) I | {00 4 . tion.
The concans ClsBotedSn it iodd EAAGMBEHE Body ars TRt BRI SEABUEILE | 0
benef i ci atheconivstied surfaesuct drnngabpeapesipddassd thetbollp.c Thess lanfigortioas 123 cal
Shown 1 ' PREhisel g kel S o smion S GE ERER P BHoe P IORoR b SORat | ve
body si degerpUBRAE Eéﬂﬁgctbf‘t%iﬂﬂnélg% %%ﬁ%%(md B eoldduBivd 831198 1 éaEﬂSr aR¥tele fornmed

as a single extrusion 200 (FI ¢ 25 carrying nultiple’signal
chani¥el s t her eblfoi4 ilistriteesoate siditional lliabestric Hodiss thdit mgy he ptilized ofith thopwtsrnt | ve

surface 202-203. Thes ductive surfac 02, 203 are ted.from each
other - by REVER QEPTORY T ARBT L P o8 TPEE U REEs T G IPAGH BRERR | s
web porti pagg gderdily@bneal@inSotAfietdn. harulaa@tPction b the Xletiis badied 4y aBY be
used as part of an overall connector enbly 220, where the extrusion is

recei ved fendecs icempenbivtatheplpctsen feld S%g%%ﬁ #dhotwoayphEe comigetive surfasshnect or
L
condxct i veirehigihf svesly, resullingin dotirdt@itedvitione CHssangave bodiés aeillutrandd yrditlbetocgh
hole tail bgdoigst ll?ﬂ ?1332 Ii‘lf:il:yz ﬁavle beneficial crosstalk reduction aspects because it focuses the electrical
field in{x/ardly. T he width or arc lengths of these conductive surfaces, as shown in FIG. 14 are
less that the width or arc lengths of the respective body sides supporting them.
Importantly, the transmission link may be formed as a single extrusion 200 (FIGS. 15-16)
25 carrying mﬁltiple signal channels thereupon, with each such channel including a pair of
conductive surface 202-203. These conductive surfaces 202, 203 are separated from each other
by the intervening dielectric body 204 that supports them, as well as web portions 205 that
interconnect them together. This extrusion 200 rl‘lay be used as part of an overall connector
assembly 220, where the extrusion is received into a complementary shaped opening 210 formed
30 in a connector housing 211. The inner walls of the openings 210 may be selectively plated, ot
contacts 212 may be inserted into the housing 211 to contact the conductive surfaces and -

provide, if necéssary, surface mount or through hole tail portions.
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WD 2005/ 064739 7 Septenber 2006 FIG 17 illustrates the arrangenent of two
transm ssion channels 50 arranged as illustrated and term nated at one end
to a connector block 180 and passing through a right angle block 182 that
i ncl udes a wserdoesosafseri ght angl e passages 183 forned tﬂ&@tﬁmrcm(?@cei ve
the transm ssion channel |inks as shown. In arrangenents such as that shown
in FIG 17, it wll be 5 understood that the transm ssion channel |inks may

be fabricat ed ¥lf- b7 dupiratentbesrapgruetef the Mysmissisoshennels fOrraagadys ext r usi on,

and each gl [E‘ﬁ%ﬁ DRI ' L, Of rd nNsi. ' d -
conductiv%l‘de éecr?eha?ilpg : né?t%ﬂe ﬁ%%&é@?ﬁﬁ%’&g%*%g élggéx?%@feoﬁl(gg?%&g%onetry
of the tbladsta2shit@uchadeanaiesiof sghtfangiepheagent’ frined thetsn which rasiveiee spaci ng
and positioning of_ the _gonductive el enents upon the dielectric bodies so

that the Winsmésosshape A& pRowy [ arpsapsoasns sysh apthatohea inhIG. ARdt Wil bear y

el ecty oni | ' ) | el: . Y

e R e T e S SR B R

t ransm ssprotess,yacinalbyleixtriisson, mad edoh sudhchhanet tvay bé awifbétered titith istyintieos of t he
i nvention, are readily confor I o varjous path s over extended | engths
it hout oI EARVE SBrPRD o thhEeaY tas Sl thee FBIT e BT ey o erm
The one CRARRELRK Rl Rl e TaidIRY s Rkl rfargsi?e %ﬁﬁﬂé&ﬂéﬁdsﬁf&nﬁg%{‘ﬂ@ sina

15 vertical alignnment, while the block 182 I ntaln the ends of the
t ransm sstanductivarisaientsiupkas theidielectnid byidies am tabthe tiapsmistioehafiosls widk perfoaniann t o

th ts. FIG 18 jllustrat t .of i el i ¢ bl,ock
b ool 195 OB R ind Py leckif Rl oS Bkl pus stugte i bt Sl 87 505 o
the ext er iigfial fdethamestiSPGradic. R aie PedEelbdtie odiay BTk fhBmidsil ShaBeriafitd. 1 n

this manner, it should be understood that the shapes of the bodies 20 maybe
chosen t omgy bymade igiher Bexdble, themsteanaf thetvvanten us readily peforsnably to Natiaisect r i cal

fields d £ i e, el . i

R s e e e e S A

| bodi es or thelystek STK el cotmiecte emdbtdckd 80 ynaeiintdid 2hd thardinissiontchemelotidaict i ve
| Il o R G et s S S "

channel S’ingﬂ&t%%@?l@énti ﬁf&h@xﬂﬂﬁaﬁn%sﬁl&r&maxnéﬂ%gl uding a pair of

differenti st ghal conductive elenments. Fl 20 illustrates a standard
extrusi on 200 BiGch8 dkistrétas 2 sshofwonivex diel@Sric blecksat bbies 302302 inniddcof t he

D oS | ISt Bt 1 Sk PRSP R e orRall S e PR R o &
whi ch has ;Rofotht Bik8Y3030 EP@ds Médnbr, & sEONA belinRBRIdES tRDdhapdbe HRBMicEBY

support a paif of termnals 504 that mate with the conductive surfaces 52
of tHe di slapbe chiogerbiodyodde diffiesntlaaichprasigostivg fortfectsingdhe dertiicel Seldyar i ous

0peni NGs iy, LANDCEL Ok NRNRARSaGhertd &G UidgihgRr ds and as such, preferably

i ncl udes

FIG. 19 illustrates a multiple channel extrusion 400 with a series of dielectric bodies or
blocks 401 interconnected by webs 402 in which the conductive surfaces 403 are multiple or
complex in nature. As with the construction shown in FIG. 13, such an extrusion 400 supports

25 multiple signal channels, with each of the channels preferably including a pair of differential
signal conductive elements. _

FIG. 20 illustrates a standard extrusion 200 such as that shown in FIGS. 15 and 16. The’

~ links of the present invention may be terminated into connector and other housings. FIGS. 21-

23 illustrate one termination interface as a somewhat conical endcap which has a hollow body

30 501 with a central openiﬁgs 502. The 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 cormector housings or circuit boards and as such, preferably includes a

13-



It WO 2005/ 064739 7 Septenber 2006 conical insertion end 510. The endcap
500 maybe structured to termnate only a single transmssion line as is
illustrated in FIGS. 21-23, or it may be part of a nultiple term nation
interface ag@ doedgghRate nul tiple distinct transm ssi on7ISepsemdberi20Q6st r at ed
in FIGS. 24 and 25. FIG 24 illustrates the endcaps 500 in place on a series
of links 520 that are termnated to 5 an endbl ock 521 that has surface

nmount t er pdniesl Hs@tion ensl T10atThelsadean §80 m@kbﬁﬂrﬂllcmo;dibéeraﬁmﬂ@h@ﬁﬂsﬁlélea circuit
board (no W) The. epdcap ake th hown in
t he dI’aWIE Sm?ss MBS sy 1@1@% ate %?ﬂéﬂapeé » FALe ﬁ{ﬁ é'tl}@hgfé ST m ?agr% to that

shown andnﬁtﬁ‘f&@é aﬂaﬁemuﬁ@b atighe &isnr%traﬂshﬂ@idnain%aﬁnuﬁiawrmﬂes Qanglipgcti on of
an end block 570. In this arrangenent, the 10 transm ssion |lines, or_ links

571, are forngdG %ﬂiuatr@ﬁ%ﬂléé@dqaas 9 plegs %@swep)af lllfl]@fﬂ@&l‘i’élﬁi@tt?r%nat@)@@ent s
572 1501 m‘v‘gn %bi&ﬁ%ﬁﬁfé%ﬁr 's1?{] e%‘fﬁéu%?%ﬁnﬁmsgﬁ Ly ?ﬂ‘ébg c§%§1 @ﬂ? J&hé’
one side or clari an elr correspondl ng ex

s ur faces afa tileitbbaal $ndi FHov)aThé andrap heddaot fake mb@mﬁcﬂfstrﬁdsmrershmm mothe FI G
Thes onductlve xtents 572 are connected to traces 573 on_a circuit
board 57 4 A5 gD %mazé QEeF Shapes g comiteurgions st forfkatishewer st deggribefe
circuit 1B Qﬁard 574. Such vias may al so be constructed Wthin the body of
the end bl ock 570, if desired. The vias 575 are preferably split as shown
and their two EI@ndﬂdtdshﬁesm&lteume @mﬂnmﬁpmcﬁd:nmﬂdb}pckﬁ?mlntﬂas sreangagergahe 576

nta n se fion conduct trans on chapnel.s at the
Ieve | %&%ﬂﬁ Ieﬁloé I”i’rﬁ\,\g‘?‘?‘“{fag@ B Elﬁfﬂ?ﬁﬁn ﬁllﬂPBBR’IB fidiited to a

print ed c bitﬁ:& b 570Ra0eH &Qéaaryaﬂeﬁor ePrash glvﬁh ok eﬁﬂ%ﬂﬁ 302 @%nsaﬂ 88 otSside for
connector and thus includes a housing , a central ot 603 with

vari-ous kelm.wadﬂ@zr cotraspoadivg pxtepis bping furmgd p@theusnﬁ@eaﬁf fhi énk&%?dézhatfmeon

i nk. The. nect or ave | u f wi ndo 0 for
access tou&%Bﬁ@?&ﬁﬁg@ﬁ@@e&%gg@@%eﬁeﬁ?0 g%vegﬁgntéégﬁ)gge cf)ﬂ%’c é%‘ieé 607 to
cor r espongiyNgn  PRQRHoerd 374G Svayvf thaiuttiveaidsts75 Barated 08 Qe intefior aﬁhaﬁm of
surface nmount tails a shown, the tails_ 606 nmay have thei rhl@grl zont al

part® 609 bpard REH Méfi*asﬂi’é’iﬁ?d%ﬁ copstyupted Bhdpe besyalithy eod #de ﬁﬁ@“ﬁ@ 'rcui t
P rcui £ bk §fis sTERCGl ety Yl os ARG BREBH sl lDMBI by BE

connect or ifi8feAnggaiTaso haintaih beparation afihs twoeontectivie iahsniOon chaenduigtios t ed

W thin and e te d thd;ough t he connector housing 602. The term nals 607 may
i ncl ude a lgrghet ontact end 608 for redundancy in contact (and 30 for

providing a paggt belimghaet sﬁ&ﬁicalp%&mc@m thBEtEPBRgHI SOt HEYd bocTuge a

coupling staple 615 that has an inverted U-shape and whi ch enhances
coupld ng efyld dfendwp 6D sdreesaas rossnectye atrbibad ingludes Awusiog 02, rjthsr ceptedd sBE5 can

be seen t %Og' SR v%rrl]oueslk%y& %‘34 lﬁ?% lég:%p g ré;gc%mg %)é%h%ﬂg of thg R%sm%s?o% link. The

endcap connector 600 may have a plurality of windows 620 for access to soldering the

conductive tajl portions 606 of the contacts 607 to corresponding opposing traces on. the circuit

board 601. In instances of surface mount tails a shown, the tails 606 may have their horizontal
25 parts 609 tucked under the body of the endcap housing to reduce the circuit board pad size.

needed, as well as the capacitance of the system at the circuit board.

FIG. 27A illustrates a partial skeletal view of the endcap connector 600 and shows how

the contacts, or terminals 607 are supported within and extend through the connector housing

602. The terminals 607 may include a dual wire contact end 608 for redundancy in contact {and
30 for providing a parallel electrical path) and the connector 600 may include a coupling staple 615

| that has an inverted U-shape and which enhances coupling of the terminals across the housmg

The coupling staple 615 can be seen to have an elongated backbone that extends lengthwise

-14-



-14 WD 2005/ 064739 7 Septenber 2006 through the connector -housing 602.
plurality of legs that are spaced apart from each other by spaces along the
| ength of the coupling staple extend down toward the circuit board and each
such | eg hafoawedisethat is greater than a correspondl #pigmberg006ne
termnal that it opposes. As shown in the draw ngs, the coupling staple

|l egs are positioned in alignment with the 5 terminals. The tail portions of
t hese duahronigh thetcomnecionheusggt08n idwrelity ofilses thabirk spageddpartifiom eashiogstby . | n

channer * efes aloaf TPt 6€ PRk Bha bnd 5t W a{1B0 B BonERR bt o
only pr 0V§‘ud]§£egﬁ1@é’ a Raltithat i@ @ruackh AeH aRbfresbsding RUMEE5hS Reminalitiet ioagRs@f t he

systemthrough the termnals. FIG 27Bis a viewof the interior contact
assenbl y Ah#owndn fisdevings the cemplingptapbringsaroposipocdin digmsentygthahel 10 27A.

The term . ; L | f 1 - and are
m)un%-ed vxiﬁg %ﬁﬁgoh%%gg%é?%ﬁgﬁgr% 8b| oc Zﬁﬁég@%@%cegﬁep%%@wg’?%ks 610 are
spaced apamnheddroin diabeand, iedlscprovidesehizclt forthd tataatahitvahstings b shanéln spaci ng
t he term pal nt act EOB,ap rt. A c&g&iuctive coupling staple 615 having an
overal | Ula¢abe acigss the %wgwiaé,ﬂl kSl coptast paa aotonly pravEes 1RPER posed

bet ween t guﬂdgﬁ ] 1 : &mga% &mﬁé& r%d}%ﬁ oupl i ng
bet ween allr% am)dr?g;}&t9 gmt%g‘rzﬁgﬁlls 6 .Eéql‘ﬁielg%up |n61%§%1%g e 1%]:%(2_857%%%@” es of
bl ades 62dew hfitheanteriapantect aspaibly thyt i nied iv theiendpap pamestof 80 aifIGENCcdndar e '

I nt erposed between. paj of oppoesing contacts .(FIG 28) 6087 and which
ext GRG  donHva PG RBAE R s SUHER S BPHSFNS HA o pleciiheolt ARG AR SRR 615
ext ends | Q@AW SBpdri®10481510 NEh&eBARRHMocROEI BEEYREDafaRSront SMARRIP DI OCks
610. The connector” bl ocks 610 and t'he connector housing 602 (particularly
the 20 sipfeskiscted distrapeibnd aspisly ihsppeing therfeominal 6agadtobifeabarther ei n t hat recei ve
engagenent . plu ..t h i lid_ t npers | egistration with
each oth er, C? & %ﬁ%vaer?gs}g&g%{#%cﬁ%%ﬁgrgr%?lyf\%%%ez 8%1{?1&(2{35 \’}\%’ ﬁa%;"t_:?e 28 is
aﬂ end v: wrovidéd mﬁn@gjemﬁmgemawe@mmmsm aidasppditblotkstsd 0 gﬁ&j’#&ﬁ&n of
the coupling staple between a pair of opposing contacts 608 and the
engddenenthe c'e}fphpﬁbet&rsm%@taa%ons|ﬂ€ctﬁ%n16%8§7nd-"héweuﬂ%ﬁ &t 5&’6%?%5 8b2. 25
Not wi t hst ' ' Q I ' t he

I nvent i'on@gﬁjérsgg %%ﬁg@%&ﬁ%ﬁﬁé&ﬁ fﬂtﬂgfmg@gaﬁﬁr?u%{??-%ﬁanne%i@r an r%g%fs;%tggéﬁ i ne
subst r at epaf30f op@singreatadie(iGs28) 608 Eme vaiah dxiend dewawadly tbwandshe ssfacaofl | nes

Shown i n' BpercHpoast ik slaele Al g eaiened el ies 1B Herom g S et pne
"upper”  siihbA&iddid 680011 ddhaGR: bIdcRVET( andWhd @hfectdthouding PERParlkibaladpRRr

surface 704 and the lower 30 surface 706 is dielectric material, the
t hi @nes ssidswallsithereolmayrieive gpenings§ 1 faomed thegain that yeepiverengagemeat plasi ¢iat i on of
one surfa ) ' " . rfa pAas r ye bei ng a
ouer - ofentie sl AR wHBRRS in SUEALR L Gy IRPOR ook Bngy |0 00,
The pl anafnay be utilized, as well. FIG. 28 is an end view of the connector 600, which illustrates the

interposition of the coupling staple between a pa%r of opposing contacts 608 and the engagement
of the connector blocks 610 and the connector housing 602. | _

25 Notwithstanding the foregoing, FIG. 29 is an alternate embodiment of the invention,
referred to hereinafter as a multi-channel transmission line subsirate 700, so named because
there are two separate transmission lines 708 and 730 formed within a single planar dielectric
substrate 702. As shown in FIG. 29, a planar dielectric substrate 702 has both a planar "upper"
surface 704 and a planar "lower” surface 706. Between the upper surface 704 and the lower

30 surface 706 is dielectric material, the thickness of which is indicated in FIG. 29 as being "T."

The designation of one surface as being an "upper" surface and the opposing surface as

being a "lower" surface herein is only to simplify the description set forth herein. The planar
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-15 WD 2005/ 064739 7 Septenber 2006 dielectric substrate 702 can have any
spatial orientation; either surface could be an "upper” or "lower" surface.
A first slot transmission line 708 (the conductors of which are al so shown
encircl ed awo sobteprvs forned in the upper surface 704 7Tobeptemnber20p6

di-el ectric substrate 702. The slot 5 transmssion line 708 is forned in part
by a slot_ 710 through the substrate 702. The slot 710 through the substrate
i s char actiglestsie gusirate{82 eyt Ay watisl aciewiatinm; ither serface heuld be an fwpped’iof | ed by
ref erence, QAvoe o./12 and 714. These surfaces are separated from each ot her
by an intérvening distance or width W Between the opposing surfaces or
faces is the sAikstslobtrtsomgsibhine TO@ (thoitarsesksio0Which atd@soodpetiengrdeaics 712
with the upper surface 704 forns an "upper” 10 edge 718 of the slot 710. The

i nt er sect tdn) Bffonmsd i iheaprsrsudace 104 wf the vigwer diglpeivic subsiate d0%0kbsotns  a

seconrd " 4 ; r. ' fi t

t rang m sgq? %ﬁﬁfﬁsﬁgg@8§a§§ oreﬁe%b%gbfé\%& Z]]Jegléll[()?%%ﬁa{fg y- Fg%pg%'egﬁg%%%}Jgt Ive
strips 72@romghl the2@bsitatenig claadterized by evaimposing slgtigesol Sfaaad tit Gre iddtiied bpt e and
by = 15 SIRGTE CHRG 13 0L 1. o s BEM A Aeeaeio BOB oh HBeF WG GOrCRos,
et ched, Cuktan@RE AR OBefREARA opjg(%sﬁe}%’m&s oPEe&Ak ﬂ%%%oit'ﬁﬁotﬁinﬁ'gi@. conductive

strip into two, electrically-iso conduct ors. er enbodi nent
cont enpl at es stheiiplrse@dpnanithezPRotipfaca’ R with thh eppep perfacs (04 fooms butuppet” back

or y fr e.slot 718 and 719 al.t hou uch _a pl acenent_ of the
st rﬁﬁ? 72?5%5135‘1? g5 %lté’"’?ﬂgfﬁ?r’%‘ﬁﬁe t‘ﬁ“f’%&‘ef’hﬁﬁ}%@g%%W%%%ﬁp%{fs"@%‘&i7R§|feln§ki |
in the ar,;se%bﬂyib% &ee@iipe that the slot 710 is formed by processes
appropriate for ﬁe particul ar substrate material. The process or processes

by which the Aftesthe gotfTdPretermed, s firgieslatinarasmrigsiariiine; 708 dnformed by ¢l osed and
| ai med h LN 10t ' t. b | ot fillled wth
2 i ot oot PRl dbRF o s ies 17LRRE 17 ne sl B Ui il s i s

however halierngtec dhdbiivaldnt ebadimeite tonfidrhyslate Ak kel @amknciEdivelisd folrded Hi20 and
722 that are separat ed,b)&Ft he slot 710 wdth "W w ]| have a distributed
capdgi t antigle eqrdugiive i thraesh whigfethe sloh pids maglkned gisheds guinphraidpdorforagdt i on

of spaci ; i i eh.e | Lal, if any,
1111 pg t Ra el g heShiol RandiRAcB ip 8 oy, SReBloPLRELIIE TRRIRE 111 p
t hat f aceAnother eappdinentcatemylateperipa fltand 22ythit ard e themppercuifue tat sdt pack? 20
and 722 will also have, a,di [ d.jnductance, "L." The 30 jndu ce of
The atri i 20 oo 5t aecs 7 bbend h § chgh Soed Wilaeemi o o VRERS, 7
w dt h, thgot shérE BB Epgegpace VWand the strip length. By virtue of the

capacitance and inductance of the strips 720 and 722 and the dielectric
bet vden t hem Thase of erdiperyakill indke arpshorldgeqogaire thet tha sloh710 is formed by

processes appropriate for the particular substrate material. The process ot processes by which

the slot is formed is not germane to the invention disclosed and claimed herein. In the preferred
embodiment, the slots are not filled Wi&l a dielectric material; the slots are instead "filled" with
air, which does however have a dielectric characteristic,

25 The conductive strips 720 and 722 that are separated by the stot 710 width "W" will have
a distributed capacitance, "C" between them. Their capacitive coupling will be a function of
spacing between the strips 720 and 722, the dielectric material, if any, filling the intervening
space W, but also the surface area of each strip that faces its opposing strip, per unit length.

The conductive strips 720 and 722 will also have a distributed inductance, "L." The

30 inductance of the strips 720 and 722 will be a function of the strip thickness, the strip width, the
intervening space Wand the strip length. By virtue of the capacitance and inductance of the
strips 720 and 722 and the dielectric between them, the strips 720 aﬁ_d 722 together act as a
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-16 WO 2005/ 064739 7 Septenber 2006 transm ssion line to high-frequency
signals inpressed across them Inasnuch as the strips 720 -and 722 act as a
transm ssion |line when they are separated by the slot 7,1521’ th coi{fdé;ation
of the sl owomesissestrips are together referred to héNeptember t
transm ssion line." A second slot transm ssion line 730 (the conductors:- of

whi ch are al so shqgwn en,%lrcl ed as, 5 "L2") js also faorned jn t&?e upper
surface 7BASEESSIORing i Righ-Tipmeqney pienals Eumesedaceosy fem. dngepuch af Be airips |

di spl aced fil s Sih OF: LSS ' ' , as "S"
R G 28 PReEOR s RhisEpRlind FRAFTLAE) Selak e Qof 110} BRCORORAAY, O

t ransni ssthesld amkthe sirips paitegethet refaredde hereintak e "slbiitanseipaioalieed” f r om each ot her
in a direction,that .is, orthogonal e slot's |e h-wi.se. axes., e term
ateral by di opesanebeRemstndeer e bheeheties ol Bthare t ot Srsiays 10
di SpIACenti) ool @TBrddh thd REHFRL LTIk B plaRFibReire bhiRkrate!702 i 29, the

| at eral di splacenent between the two slot ‘transmssion lines 708 and 730 is
"S." Li kelatdrdlyfdispdaced From the fursssivigsinamisbiomEne6)8s distarcesdenoted as10tin FEARPOM ssi on

line 730 i,s forne b uttin r .otherw s ormng a slot 732 ou t he
SUbSt 1 at e 5 GG, i dartft Bast il e ale et dorsiits At $fonds
to the see@Bfbu?kQuratddRbschiofer bd NirebA6h thed i§ QrthGHnhME HIABRPSIDGiss Ur f aces
or "faces" identified by reference nunerals 734 and 736. The opposi ng

surfaces 794 Aheiterdlatsraliyispliced” shadd dreeelombacanstued tooneasdbhisidawes by an

| dontd 11 clng PR CBaion ke on SR B B G AL BRE B bsat ng w

bet ween t BeweaP®s tiigsisitidna@Bsiod Bdes0d af3G3@RES." not need to be the same as
t he spaci ng between the_ opposing surfaces 712 and 714 of the first 20 slot

trans mi ssi on | e thedjrphi sl igsmipsien lawldoﬁ, the grcondigpt %ﬂnéflnr#sai@eéinﬁao iﬂé@'&?ﬁio be
nave i 111 G T RERIIGT DOPSR Moutl ARRTLRRE Oy TGRSR 28T auct Ve

strips t hdepietbdin FIGe2% dgdch oireqgaads toltiod secad shre rahsnitdibrelim 30, sdhidsswo
thickness and/or length  In g preferred enbodi men t onductive strips
eachlCar r JPRPSIGISFIERRR |faes SgHHd by EelereRs tomer 3 Hand . Tﬁwpgeegnd sl ot
732 has t WorLBPRI4 4nR 49681 the BETRABES &t@te@fﬁoﬂ‘@ach%ﬁﬁpﬂfaﬂn%%% distadc@bfed by
the intersection of the face 734 w.th the upper surface 704; the other edge
742 is fomndh Wy Théweecomt dotls§82 bottonafis idestiftedryreforppomiongali738e 736 with t he

upper surface, 704 ' the firs |l ot transm ssion. li 70 ter the
second sl ot 735819?](}@?%\%%E‘PW_B”@@@%M&WS@@FSR%MW%iqﬁ%mfg’b;i ¥ or med
by pl ati ngofiee@id Wy ihé SinPRFhe/dpREng Botwed (RS bigosRk lsiirfBs 7B AR oERduat | ve

strips 744 and 746 al ong each of the upper edges 740 and 742. Alternate and

equi &l enslotirinsaiisviondinec Simitanty) the derdh Derf oah shotgpes ot nesd ts H& die sempe Thor med by

a single uct b v thi t hr ou e . ' t I
bi sect i ng sﬁ)%ggo%}? ﬂvé.}cg tlieoﬁli%fﬂ%aﬁn\a}gmgr??\?ééme f%rrﬁ&lecaﬁ Ihcontre difrehBoriail an%? dﬁ?eﬁmt
~ depths. In addition, the conductive stiips that abut the edges of each slot can be of different

widths, thickness and/or length. In a preferred embodiment,l the conductive strips each carry a
differential signal. . !

25  Like the first slot, the second slot 732 has two upper "edges." One edge 740 of the
second slot 732 is formed by the intersection of the face 734 with the upper surface 704; the
other edge 742 is formed by the intersection of the other, opposing face 736 with the upper
surface 704. As with the first slot transmission line 708, after the'second slot 732 is formed, the
second slot transmission line 730 is formed by plating or otherwise applying two, electrically-

30 isolated conductive strips 744 and 746 along each of the upper edges 740 and 742. Alternate and
equivalent embodiments contemplate a second slot transmission line formed by a single .

conductive strip, through which the slot 732 is cut thereby bisecting the single conductive strip
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1 17 WD 2005/ 064739 7 Septenber 2006 into the two, electrically-isolated
conductors 744 and 746 shown in FIG 29. Wiile the structure shown in FIG
29 provides a structure having nultiple slot transmssion lines, FIG 30
shows a transmi ssion |ine structure 900 conprised of tjuéee rrui) -Oggannel
transmi ssi oFOPAOSesSIbSt rat es 700 shown in FIG 29 al beh PeRfGMbER2008qi i on
of slots 5 fornmed on the | ower surfaces of the transm ssion I|ne structures
shown i n .Fl FILG th fi r mul t i hannel transm ssion
line sub§P‘i"§E‘eetW?O@eﬁm?@Yflﬁ‘ﬁ UCteRst 4?‘6‘?‘11{1‘{)62%'8?78“?51 r?@ description of the
nul ti - channel %%é@@&h&@sﬁdmﬁnm BNRMAddsh EhGureddvin F%Bﬂ%%eﬁé@ and 752 are

formed in the upper surface 704-1 of the first substra . Conductive
strips 757nemigsignBucsdF G SAshews 2 nswiission Tig@sttuviure 800 ¢dmpsised pldhrepmuligni ssi on

S0t 750 el Ehelesion doe sitvras 2 RONE it it 25 R SRR S0 (1 0

nul t - chaimedd dn'tREToRied Siirfided dfie BdnkmGkidh Bind fhictukes SHBHE in RIS, 200npri sed of the
two slot transm ssion lines L1 and L2, is also forned to have slots 762 and

764 in its | GwEIG.3P, befirser by walches] rmsmissionline Famtraied 096 4s &ged Bave a
Che i i BEh R ip MR depdeflitn e RPLIALS sindsionthe B doRRidmtEYo! B0,

sl ots 762s1a8d50 &d 152 a&mrmecbmrthé tppee Slafaner04-1 amaﬁm Egbidirhte762-91 Uéﬁ(ﬁl.tbhee 700-
1 extend into the substrate 702-1 bé/ a di stance As shown, " is | ess

t han t he SHEsf/é# apt &6 abacapidn thedot 7P Earmens'dirst slot aﬁanﬁ:ﬁ@nd@ﬁ? Hlen@ed@ﬁ "Ehe
sl oy 750p t@%@ﬁ&%ﬁ%&é DS #d%@ gbﬁ&%?l{ o siit 752G seM%th%& uz 93%0191%%0 t hat

after the Tower s orne ectrlc mat er separ a

“bot t ont' idéntifieé asfiper Thd ﬂﬁsﬁmﬁﬁﬂctﬂﬂmbl T rdsibntiive strbeiniedoD —d),fwlliﬂfﬂ!?}sl ower slots
762 and 764. 20 The depth "di the | ower slots 762 and 764 is detﬁgq enough

to clear @H@anfmoéﬂm@@ﬁw&w@é“s%ﬂ@ L, 28050 fagmed todhave plgts788 apd 284 ar e
adj acent o ?Mﬁrg&%ﬂ?ﬂﬂf Z@‘? 4. "Be sRS7 cﬁz%ﬁ‘%ﬁ%%%lﬁ%ﬂ éb@l’hann s @fprsecond

substrate 70 From-wh a secon transm ssion
| i ne 700-iBtoitke fubsirael702-1 Kent b]hig phiit wey nﬁmthmthdhassﬁﬁ bf thle@lman digledric kdhs&ate

20015 g/ Bslo THer oY REAGIT 102 o1 HEAS b B TRe AR RyBe 10 oS

that abuty higashiglife Ju@gt%imm 8414 Bistah6e B PSAS @b%,?@%“{é JesfRtn thd differht® fi 1 st

mul ti-channel transm ssion |ine structure 70 t he second such structure
700- 2 i s Yetweendhe thicknase "EY andsthy gepth %lh'tiofl@ﬁslmtﬁ 75@ md Tﬁﬂé'rmmd lbmet@pvlsur face

798. The s ts 7 ve.a art way
[ovo the TriaredsedRiolicse i as 6 Rt H5 o omhed i iigist Rkl | )™
third mul i «gRenneF tHehPP& HdiS 750 ankl 762 asd the Chdtioth” 6 Bredowad sidts Peisaridvig4, s ot
transm ssion lines forned fromthe conductive strips that abut the slots 802
and 2804 f Biedsgth "d,™ of the lower slots 762 and 764 is deep enough to clear the surfaces of conductive

strips 780, 782, 784 and 786 that are adjacent to slots 790 and 792 that are formed through the

middle or second substrate 702-2 and from which a second or middle multi-channel transmission

line 700-2 is formed.

Like the first multi-channel transmission line structure 700-1, the second multi-channel

25 transmission line structure 700-2 has two, slot transmission lines formed from the conductive
strips that abut the slots formed through the subsirate 702-3. And, like the first multi-channel -
transmission line structure 700-1, the second such structure 700-2 iS formed to have slots 794
and 796 in its lower or bottom surface 798. The slots 794 and 796 have a depth d, that also
extends only part way into the thickness T of the planar dieleciric substrate 702-2.

30 Finally, a third mﬁlti-charmel transmission line structure 700-3, also has two, slot
transmission lines formed from the conductive strips that. abut the slots 802 and 804 formed

fhrough the substrate 702-3. Unlike the first and second multi-channel transmission line

-18-



t hrough the substrate 702-3. Unlike the first and second nul ti-channel
transm ssion line -18 WO 2005/ 064739 7 Septenber 2006 structures 700-1 and
700-2, the third such structure 700-3 does not have slots in 'tsziogj\ger or
bottom surf@,ﬁ%ﬁ% w734t can be seen in FIG 30 that t he/ Septempbgry ower
surfaces of eac ayer are forned so that the | ower-surface slots 762; 764,
794; 796 are bel ow and opposite their corresponding 5 upper-surface slots
750; 752; sir@@yressBR- batd H0<Y, theitbivd sush etrectire 7084 does sathatve dote s iksdowatdr t hem
For exarrpbe t he Iogﬁ#‘-surface slot 762 is bel ow and opposite upper surface
slot 750 BEEREGHSS Ve slot 790. The | ower surface slot 794 is bel ow and

opposi te the URREK bSsbeh ALRIGS BOthat B8 shttin tRIEWE: dufBce!PhaBQfyer A0 \@Mea s f ace
slot 762 is bel ow and opposite gfper surface slot 752 and "above the sl ot

792, whi cithat theiloweriserth s 70 764; TPAT96]ap beldvp amrbopriosita their ovaspondingf ace of

~each 10 | i €. 108 " , f l ot s" bst anti.al |y, parall el
o the cottieeritsint A8 R 15 PUPRE% Fodh Seb Bt aT B ot Bibhcar n
the | ower Fetiédaapie, tHeddor-suttRde st@V6? is Bl addppbdtetpfrlr@cdbt I90bh8b6 | ayer

"1s coated, plated or otherw se covered with an eleéectrically conductive

| ayer, sudhf siptd8hdliee ower yuaiies slefc®drivkelem and onposifathe upres spbienslab0cbut si gnal
shield for | S M) t-he - ' ctive

| ayer exi g‘?(gs‘t%%?ezék?cs%% E‘I &B‘Qé{, c%eﬁ C&C@?bsg%#&t’%d?@%o%ﬁﬁgpw%e& %gg\g?&gurfaces
of the di abeveain slotadipe)whiclsisiin értlafer F00-Ry The sibte f@ned imnihedswdr s&Tdce oByachover i ng
the entire |ower syrfaces of the planar dielectric substrates, including
the ¥ ot S?qyﬁr 1-ﬁeﬂ!eg §‘HF"‘P‘§§]€ES3 & Sfém?f%]ﬁd’é‘@ilfﬂ\ﬁ@.tbﬁa‘{oéli‘i‘%ve ﬂiﬁcﬁﬁﬁn‘goupl i ng
that = mat gfkah ugﬁersa@&eé 018Ferd GenBath BleAbGASERA KAL) Ay Hobt age, signals
carried on the various slot” transmssion |lInes are g;‘fectlvel y shi el ded
from each ot heWhenthefhottrmen{carhrmbstisiteloyar dnmgieds plate® Or othersifeenenredwith an a

preferred odi nent,, .t he conductive l.ayers 811 on t l ower  surfaces of
rch | | ay el RpR DR e B ArprRet Ry e da e SRR ROt
pot enti al sighhiehRN@Y &leisisals Yirkiog 68 tRRoAdIRIORAS P Fhith thOsWRfudHE (36 xR, gACH

| ayer is coupled to the other such surfaces by way of conductive "vias" 808

t hat 1&xt e AdCt 3% ernghctgarpteriy) epveripg the lowgeudiaces pithe durent tpyers dridentified by
contact the uct | u . e, . . . oses
of ol ai m R et 8150y BEAARE el T Aitioep BF e AL ctblfc SbsfEE °1 2
|l ayer. An ingudingihe slofs i thedbwér sarfaqpassidpesmyustive nthidriat B Uidedacobsling that  channel
t hat extends conpl et?l y througlp a layer. A "conductjvye via" ,shosch?d be _
consi der edidigishan ead laFeioapiers ?/P‘E,tﬁtﬁﬁﬁ‘é‘lhiag% s1298l6 GHREGS OR FSUGHOY $htel ectri ¢
substrate &h]f?e U R 8 1888 SH teked Li¥etrofid | cates
wi th anot @Sﬁgrg%un Isg{/er g‘#ﬁ%{[eﬁer @tﬂl??aggﬁﬁg%“%%ﬁ %f@;hoﬁ%man end view
of a20nl t iintef§rencet Inmprefessil embbdiment; thewonductvelagers 8Lictn ths lavee surtaves afspilct ed
Islno{: ls 68 1gqayae|r Er%lcgup%c{ trc]) zgrot;v%ﬁs,%vq\ﬁcﬁlr islaﬁx%ong gs_'%tougsﬂﬁpo gﬁt}aﬁm of which, has

The conductive surfaces on the bottom or lower surface of each layer is coupled to the
other such surfaces by way of conductive "vias" 808 that extend through each layer 700-1, 700-2
" and 7003 and electrically contact the conductive surface on the bottom of each layer. For

25 purposes of claim construction, a "via" is considered to bé any passageway through a layer. An
example of a "via" or passageway would include a hole or channel that extends completely
through a layer. A "conductive via" should be considered to be any electrically-conductive
pathway through a dielectric substrate by which a ground layer on one surface electrically
communicates with another ground layer on another surface.

30 FIG. 31 shows an end view of a multi-layer transmission line structure 901, such as the
one depicted in FIG. 30 albeit with a top cover layer 700-4, the bottom of which, has slots 813,
815 that cover conductive strips 754, 756, 758 and 760 that form conductors of transmission
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815 that cover conductive strips 754, 756, 758 and 760 that form conductors
of transm ssion -19 WO 2005/064739 7 Septenber 2006 |ines as descri bed
above. The bottom 809 of the structure 901 is also coated with conductive
material 811 that is electrically coupled to the cond i e 811 on
t he bot t omweoirdoso@sssof the ot her |ayers by way of thgc%? H@ﬁ#%@d
conductive vias 808. Each of the conductive strips 754, 756, 758, 760, 780,
782, 784, 786, 803, 805, 807 and 5 80&1 extend into the plane in which FIG
31 lies, Niwepidescibedahpve Jhrdetom S99 ohthe pEuchig 801 i alsecqated With gendugiivhict i ve
strips. f Y ﬁ%ﬁ?‘ uﬂ‘h 31
so that L:Iggér%rnu&eicgtl|i @%t %an B{taing %hd%#e%ﬁ%ﬁﬁgéﬁgggélg lgfsf as we s gog IS
an |sonetmeothwhywrmbywaymﬁftheafoeqnmnﬁbmmlrmndm&ﬂvma& 808 structure 903 having

i ah- cont or nbech 0L G CoRBCReiESi ok 1. T a0 ERt e UL R 9TeRes, 20
and 30. | ghoFdiiana 3o AR ‘gﬁéﬁ%m \\In\ﬁ&ﬁ'FI@’aé’le@éé' %ré&?%ﬁ cbffectibn GRPEHGH & ¥,%aé@yer S

extended to a conmmon re electrical nections to the differen
conduct i vef thagmwdsctane siripabBakiherf tlzasgrowrdinyead &1 1906 eatent] lngio ﬂiaaﬂme of FER.Bilizat i on

end 906. sho in ElG one ui |l e identified by reference
nuner al Q@gt Oni%ﬂl?df)aéﬁ%g @g‘@:{a éﬂitﬂsgﬁ 'faces A second wavegui de
nodul e t hat lssxmeyilﬁ@h%kﬂem@ﬁéw o€h BRlti-l &aﬁsﬁ@ﬂ@ﬁﬁﬂeﬁt&cﬁﬁ@dﬂﬁa% wavegui de
modul e is identified by reference nunmeral 900-2. A third wavegui de nodul e

i s i dentifaverdl Wyvegeiiemedeles Minbrogl- 293@6990-3A&t410kﬁ¢11t0@eth91t each@d whighvegformie .

es ter ate.in h ul es have
conggctl vtgt < Ef‘nsnms"gg%&e 8ET gdé%bcg?/dzlg%%?%%rapgép ﬂ]oeﬂ#ig?l onsV%f ich are
enmbodi ed ﬁ&vdighﬁe ﬁ{oaﬁlemiemits et ldyefsrekitalal 18 Q4oandnatidi heraddoricanr ked by
the reference nuneral s _by which they are identified, above. By assenbling

sever al |%p@ﬁ@oph@tth%@ﬂéﬁﬁreﬁhwd§mp 13siesiees sraldind as fesminaly 04 opthsplang t he
various cpduct 6Ve‘:ﬁd§)bé' ps (and ground surfaces) to a comon, planar end, the
wavegui de structuré 900 depicted in FIG 32 lends itself to use with a
circuit board. AdewalieEIG. |3Qad>netmgmé¢ modHe Qﬁﬂnﬁuadhyhefepﬂnae\mnn@aiwogaﬁlasan be

conveni-ent co pI ed .t nal, termnals a ,Cj r ar | ocati on

and pam%ye’é I?Fﬁ’fﬁq’f%qgf‘?e A BeoRp n‘}l&'f“ée ﬂi‘?ﬂu %ﬁ”ﬁ@lys"’tﬂ ucture. The

slots as fél@@dié’é]l?%ﬂﬁl&d‘tottﬁ'@ﬁjé@%%ghﬁe G HER el %y?@f@fén&@ﬂtﬁ[erﬂ@ﬁobe A
atterns to reduce coupling between

di sposed in altérnating offset (f
verti cal | fhirddjaxemnde maﬂlgié@uylmﬁﬁ by refesence nimerak$}0ed. da 1l Hxree ofghese wawepuidepo 7
Sept enber

m%glggs terminate in a common plane 906. Each of the waveguide modules have conductive
strips as described above, electrical connections to which are embodied as the aforementioned
20 terminals 904 and additionally marked by the reference numerals by which they are identified .

above. ' i

By assembling several layers that each have slot transmission lines and extending the

various conductive strips (and ground surfaces) to a common, planar end, the waveguide

structure 900 depicted in FIG. 32 lends itself to use with a circuit board. The electrical terminals
25 904 on the planar end 906 can be conveniently coupled to-signal terminals on a circuit board, the
location and spacing of which match the terminals 905 on the waveguide structure. The slots
‘associated with the waveguide structures in each layer may be disposed in alternating offset
patterns to reduce coupling between vertically adjacent waveguides if intervening shields are not

nsed.
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CLAIMS 1. Atransmission line structure conprised of: a first nulti-channel
transm ssion line including a planar dielectric substrate having an upper
surface and a lower surface and a thickness T, a first t an si on
line, said first slot transnission |ine being formed f?g ?@) rough

t he upper surface of said planar dielectric substrate and haV| ng awdth W
and demumms a second slot transmission |line, said second slot transmi ssion
l'ine bET‘n_g"T(—)rned froma slot through said planar dielectric substrate and
having- a w dtg%sﬁﬁglﬁﬂ%lacm@coﬁ Hséds(;f slot in the |ower surface of said
dielectric substrate said first sl in the  lower surface having a depth

| ess than T-DI, and ﬂ:fmm@tﬂahme}awan:mhﬁwmlim ﬂwluchng 8 pnar dielacisinissiwiran | i ne;

and, asecond slot in the | rface of s Ietrlc substrate, said
Saaond oro  navifh gt Pon St 8 e i B e SO 1 ot 08 be T e

[over surface and 36 A aheiSsioiBR Balhﬁ%s%sfoh%sma?on mdoeh?mném@}hgd
bel ow | ocat ed opposite the second sl ot transmssion |ine; electrically
conduct i ve. | aylet thsought tha tbed kyrfaco e saidplatvalidlonde sbairitaesd biving e width ¥ar
dielectric SUb% ate _and substantially covering the first and second slots
| in the | ower 2y 1 and, a second multi-channel transmission |ine having
~a planar dielectri to the
| ower surface of sglsgé@?ggﬁﬁﬁuu?ﬁ%%lﬁﬁd %&gﬁgﬁi @%}Sf(@f#sﬁﬁﬂn%b%ﬂl‘é%&%d
transm ssi on [fionea sibt thedugheaidfplambadisledific sulseriand havidg b iwidth W] aid a depth
transm ssion bi.ne and second slot transm ssion |ine each include a slot
formed t hroughzt he upper surface of said planar dielectric substrate, said
slot having first %@Qst%f‘o‘f‘ﬂ?ﬁ';h‘?&v?&%hﬂ&e ofs4a ¢ &E&dsal@g?arté smﬁirﬁ}E'E's?&%P?th her by
a first intervening space, e int ersec on o sal St opposi ng face
-Wi th the upp&wesitaetatiaf bdepd) less tHan Jt-Dg la08 beidg Gocatdbeldvethe firgskect i on of
said second oppasing face with the upper surface defining a second sl ot
edge, said sTrélﬁan%F’W shafbpth D, a first differential signal strip on the
upper surface ands, gebas @l inial fld hitfaos bfnid ﬁgﬁ&l’nc%ﬂgséra?e §£&9%n&igzaiﬁrent' al
strip on the upper su ace adj acent e secon ot

the lower surface being parallel to the first slot in the lower surface and also having a

depth less than T-D,, and being located below located opposite the second slot
transmission line; '

an electrically conductive layer substantially covering the lower surface of the
planar dielectric substrate and substantially coveting the first and second slots in the
lower surface; and,

a second multi-channel transmission line having a planar dielectric substrate, the
upper surface of which is coupled to the lower surface of said first multi-chamne]

transmission line.

2. The transmission line structure of claim 10, wherein said first slot transmission line and
second slot transmission line each include a slot formed through the upper surface of said
- planar dielectric substrate, said slof having first and second opposing faces spaced apart

from each other by a first 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 edgé, said slot having a depth
D; .

a first differential signal strip on the upper surface and adjacent said first slot

edge; and,

a second differential strip on the upper surface adjacent the second slot edge.
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7 Septenber 2006 3. The transmission line structure of claim1l, wherein the
pl anar dielectric substrate of the first multi-channel transm ssion |line
and the planar dielectric substrate of the second nulti channel
transm ssion line each include an end that is orthogonaSeptember2006r and
| ower surfaces. 4 . The transm ssion line structure of claim 12, wherein
said first and second differential signal ships of said first and second
slot transm ssion lines and the electrically conductive |layer of said first
mul ti-channel transmi ssion line and said first and second differenti al
signal strips of said first and second slot transm ssion lines and the
el ectrically conductive |layer of said second nulti-channel transm ssion
line, are each electrically coupled to a corresponding term nal on the ends
of the first and second nulti- channel transm ssion lines. -aa

3. The transmission line structure of claim 11, wherein the planar dielectric substrate of the

first multi-charmel transmission line and the planar dielectric substrate of the second
multi channel transmission line each include an end that is orthogonal to the upper and

lower surfaces.

Y, The transmission line structure of cla1rn 12, wherein said first and second differential
‘'signal strips of said first and second slot transmission lines and the electrically

conductive layer of said first multi-channel fransmission ling and said first and second .

 differential signal strips of said first and second slot transmission lines and the
elecirically conductive layer of said second multi-cha.nnel transmission line, are esach
electrically coupled to a corresponding terminal on the ends of the first and second multi-

channel transmission lines.
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