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MULTI - CHANNEL WAVEGTJTnFSTRUCTURE Background OF The

I nvention The present invention pertains to
waoubdsioeeisp cui t el ectroni c comruni cati on syst enBCTAIS2004/043548

nore particularly, to a dedicated transm ssion channel

structure for use in such systens and which can be

utilized in all parts of a transm ssion system chip

packagi ng, printed circuit board construction,

I nt er conneqYUIEM-CHANNELWAVEQUADE STRUCTURE,

circuit boards, interconnects and cables. Various
BackPRANS (SfTﬁL fﬂé&%h? transm ssi on are known in the art.
st, tr-not alt of these transm ssion neans, suffer
f rMprésbey i8véntidp @edaing to malti-crsiiSdlediroaf doairhurtiteionsysems, and
frequency limt and the actual tinme a signal requires
more partignladyste gredivatef drapsmission sBammel stiyiofuse forruse insgrch spgtems and

. wWhich i.s. ¢ referred. opagat i;.9n. de P
sty gD 35 B SR B B od i o
constRRAiSSIARRSANn dEEES, 1atinblesttb @hd fidh ¢Hipd) eReuibbshrds, interconnects and

secondarily by their material conposition. One
cables.r adi t i onal approach utilizes conductive pins, such as
| RS0l S48 4T S AR b i s
transtRisSibA nhdats, Qb FFEOMEHH GhileYéht B ébd 1indikatiofs Bhdhdls DoBthe @pfer frequency
arranged within a plastic housing 21 and this o
limit sud the getrelime p sighalersquipasrta rioya dions peepinidd agpiber wibip the system,

. ,to 900 . AN t [ tandard .. .. . .
whiclk & PR ofE P BS SRSy Bt "HT 8GN AP g lecronic
perfoii:flﬁ?hlj:g ri v thefrRBudite, 88d sdobndaP®Eby BRE Mktedd) cBhosition. One

rated in FIG 2, in which the systemincludes ]
traditioanlyppgrach ntllizesreoaductive pinsnshch mathose faypmdlin e pdgectasd o@nector as is

oI bR R BT IR i 2.
arran @ OW RGN G BiE hdudre 21 B&d ﬁﬁ@d}?dnﬁ&ﬁéﬁt%ﬁ&ﬁdés"bﬂef@ﬁﬁal spteeds of about

tructures are not differential signal contacts, bu

800 tap@0 Mz | An Snpylvementdpdn $hig stahdardrstamitvig is represented Py edge card
signal contact is.f|anked by a ound .cont act . e .

conn g_? fet swaﬁei(ﬁ%@agl PEAT i @ﬁys@y%\ﬁ %&1? @ﬁlﬁwa& n FIG. 2, n

whic}?ﬁie'tsﬁ%‘tgrﬁ fixlticg}l&%_lﬁgé’ oufd Soiifids 2¥Ghd S08M Bighall SR SBERRSposed within

eldis“referred to as a "triad" or "triple
an instdativecbomector hohsing 2 ¢ ofibleisthallee stgprindomsdcts 26 @uglesp dlseldrger ground

wthin a plastic hausing 28 in a tri | ar_ .pattern,
contagli, e SRl soaiAst R TG SFUPHET e gt QUTFPRE Bl ehliconigets, but are
mero BV pb R BY Sh PR Rihd contac
The dpetatibhal dp&eds Bat thisNippe &, sFBOM200belikived td vd @bt 2.8 hlez.

structure has an apparent upper limt speed of agboyt 4 .
Ghzet apgther ipseyvestent Heldis fghp atared (s ¢ itflég Pth tfIRlg " connector in

o LGB SEER0S FOICHSE ) L3 o BLs MR pr, s

the teSingHad ificlull®a Baghgrotind feedal YPand ows bimbltér diffscentidl sighal terminals
desired to maintain a functional transm ssionstructure

30, ag Wsjed BHEGe At 1ndeasidaspiaadyin genker detaflia Sshast M 6,280,200, This
tliad/{:{]p(iel: ls'%(rjtllcrﬁ%e thQsr oy gp%a}erﬁ?uﬁﬂerr fidlit sp%g(%fifgbs&lt 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
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the mating interface and the source and | oad of the
system 1lis difficult to achieve the desired

wanidsmemsdy within the system when the transn BETMIS2004/043548
systemis constructed fromindividual pins. Discrete

poi nt-to-poi nt connections are used in these
structemerimovglo ths dnire dliyea paﬂgef)fhﬁ dysher, 1p@1wémg tirgugh Bie cirRes anrd(S),

conduct or s desi th
NS RS e TR e e
umfoﬂ‘u%/ \R}Rﬁmttﬁé‘ﬁsteﬁi Wha &R uFHns oA ¥y ferh 9 cddstbcted fiemt 1ﬁd1v1dua1 pins.

of the ‘conductors were designed as a standard
D1scrq:IB pbmmpsmt ¢dvarectidnls ateh@eé iimthesogomeetnisrfar signakegreund and power.

e I A DA
contlrﬁﬁl?/ ?act i tdf({‘no%&ht@éc&%ﬁ%raﬁ@;ﬁm'si%ﬂ%@ efffbts. "RLEtof the

y i n performance at IOM/operatlng speeds,
condwetorhingte dgszned asom sthn«kmépdﬂield dvethat althe pins, ensedntinals, were identical,
consi der %ge co ctor as .di sc tan|t|e

n
rogardlgsied e b P eloct el BRHoR RO BARUSSAEE BrtHEpEtecd at a standard
[ t I n
pch 05 GBPI BB LA ol BLESo R, RAELAUBL ST i spcts,
high dgeugionnlespeeads, ’élekn gbtemsgmaﬂd tansiiten tireccondtdtors askdiscontibiugties in the
not |end thensel ves to tggr eed signal transm ssion

systerp dhat @élect; the geeratinny angispe “t e forced between the

si
B0 S S5 G oo o Bt st
condudhe] &m/thn@&%hibﬂ ¥ hifghoyi gehl ttgglbbﬁd sajiet whichelid mtrimd:ihemselves to high-
Bandwi dth ("BW) is proportlonal to 1//(LC), v$ %
speed %&%Ha@%%@%bﬁféuﬁﬁla‘tgﬁéug?@t ePRSCBFBRdRebveqs the sigpls and the
a
s SHER el AR, AR 00 TSt oo,
thereﬁil@ssibg,n@égramhg the rs}’stéiﬁ@éﬁlﬁrﬂﬂfck to reduce t he

bandwi dt h of the system eve total |l y honobgeneous
s Bandwidthi(TRYN iscorapastienah o Wé&c) seare Liip thedpdyciangg 9f the system

compggns 4 e FHPRROER Of HF aughTREolbfE By RIHEbIRIER. The
111duch|% Qh‘&baﬂabl@ﬂvé tédp éﬁbﬁts&fﬁﬁe §fndl hl@h%ifr E@idm Ratlbtd ﬂ@ﬂwghe bandwidth

the system and redu0|ng the total ate area of the
ofthes:;ysteameed:remmaldy hepagensous %@temémﬂmh ispasingities. These inductive

frequency increases, the. r uct i on |
and cBRGESE VBRI LRt P Qoo s PG Phidiah thSuen the
systeﬁleﬂﬁfhﬁglf tRroudh BEfitiSSk larl Fele cutteaifpdth @abesIChe S?Idtéin taﬁ@ reducing
Ghz range and above render nost of the cal cul ated
the tcsg,lgﬂzenmpatoﬁtheesugemslmmxts: eidoabyes, asthe wansintission freguency increases,

the ragggtlrl%gq%fs?ﬁeltq? SF} Po(f:v%lr ]?Fgﬂ]@ a]?ljﬁ%t&ﬁg gf?%ﬁiy yswali1 feng Slts E8uced to
rathepé}ﬂalh QIRIGRER U3 RERIB A tHeAl0 GRSYaREe AR Hok@tender most of the calculated
transitions cr egt e discontinuitieS. Using about 3.5

syﬁa@hzﬂ&knghﬂunmmqmmdaloff frequency in a | ow vol tage

differential signal stem 8perat| at a oun% % limiti

G lgaiten o peategiin i dndianreind ppcianct spross giibeing limiting

! [ frdrial Whdifordd creat

perfo% Iegfgflbles ﬁﬁ'trf engt%ﬁ(%%#l@&% gg{)mgl@%h'l and/d? nifdtria i create
d1scont1nu1tles Using about 3.5 Ghz as a minimum cutoff frequency in a low voltage

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 length of about 0.25

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

-
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i nches, over which I ength discontinuities may be
tolerated. This dinension rendersinpracticable the
wahdsioey73ef one to construct a systemthat i ncPQUES2@4/043548
source, transm ssion |load and | oad within the given
quarter-inch. It can thus be seen that the evol ution
1mpractfcab]eeth¢ atihitycoftona e prnsEPeR systetidhefrinelufep Aoyl %@EB%FIOH load
ormstr cture
and lo]eugl ng]thf {]Eilgm;nd;él %ralpgla génnthﬁg Bg‘ge%gﬂﬁﬁttﬁe %\polut on ogglec’aromc

I ns ar rangemnment

transn%ﬁl&@&tyucﬁheyﬁévé %rbﬁ%&ﬁﬁﬁﬁﬁﬁfoﬁ%&rubﬁ@emh Iarrh@gmtdntsand

other factors sti limt these structures. Wth_t
functlatﬁab]yeiedrwtedlpaw qurangements togttemptadrumitary thﬁ}aged(p@ferfaces yet the path

lengthprdaithes ¥ gtgrgt%ﬁgﬁ%q D0 eSS ARl St onb @ plifiFart structures,
it wasGot ?éaglﬁ e B tag?r n an 2 eﬁ@%@ﬁlsfdﬁ% t§ e pHykiealSBiteito of these systems

order to obt feCtive transm ssion system one
andﬂﬁmﬁbﬂnﬁumﬂ@amlauﬁmm&wdﬂiﬁmwdmdenmumﬁemltransnlsS|on
I|ne over .the en ver% pat h: fron1the

STAGH I QR PP G OB R ohe T S Constant and
dedlC%tQ(i: Jcrgxqs?m%%gn TR SR Ehd &R @&Rf@%a& -3 Blel LM, itduglithe interface

e I nterconnect signal” |launch into and out
and td the logdr Thiserbuld inclide thxomatdblednterrpheects andrpsinteskditgnit boards, the

) medi a such as, cabl e even the ond qr
inorogoiAeL B R ISR RAGREY Sty PPy o berggpmomission media
such a%c %i)fég m‘%@n {}Ega i ot &Y nﬁcﬁéﬁ?ﬁrﬁ i @dvery @ifficult to

conductive pins eS| d to 7nterconnect
achleW Miexpﬂlla eléhvml syt & cm@tmtmd ﬂrma mxlmsluble cendketive plns designed to
potenti al required changes in e

intercopget Wil aber ﬁleEVlé}lﬂSCP{l@}%’Vﬁ Bivs aluﬁe ng(ﬁgg‘la? 3 e&ugg% fhanges in the
size, tglﬁg%md Lpa o%i]tloqf(ﬁ‘{ﬁé ins/tndndld Gith r?sﬁ@ét €0 EQRAME O For &)&?nple in a right

en the rows of "pins/termnals change
angleicBnisetdt, thl Qelbﬁcnghijp tewlednttre ﬂiv&atfrpmwﬂienmnaﬂp Ichargge m-lbgtﬂm the length

speed i nterconnect design prlnC| | es t hat | ud
and tian clectriend ook gk sRfed Entgrariesh st RI‘H‘éﬂP%‘g‘Fgg Siuf ol areas

udi n [ as it board
betwish et R Bp LG Holh LR Ko ARG cui boards,
board'Gdg)nhé@&% hé shKle a@%ﬁlbﬁ%ar%élhg s 1n6mnsrhlssupntsystan5w1th sources of up-

t02. ij@gpSg Onaveh BrBPBIAI S MBaREE PPt ot ey ity Provided added
4p
S P e e

grourRPSHIR drdrsirghe-616a  opERIbE & coffplinftatedprimuthep peintiplatging used in such
used in such systens includes |npedance tunin

systems miahides lmpsda@m funirig tp exinimiee dlﬁ%ﬁlﬁéﬁlﬁ&e&’iﬂbﬁlogﬁf Hesig principle is
pinout logﬁl 0 o tefenglé'ga (p ¥efl4ljr§ Ip%t%l? atg na}%% gf’i‘&fjtors?&ffxg pﬂl@tnlf'ﬁle pin field to

maxiffEXd tﬁb f)@rf&lﬁ?anﬁ@ I T RsB e sydi@ssall M@Qmﬁfedsylﬂi ﬁﬁﬁeoatd attaining the
are limted with respect to attaining the critical

criticpladth leng@is msentiened ahowek above. The present invention is
directed to an rov ransmni ssi
o EChesoeh B0 dRESiEe b B R s hh ot §Every system that
%ﬁl& £ e%@ Eﬁé?ﬁd@éd hitg8 an ReRISopeRiss R hyghef spebds.

ovet nvg\r?t?% oan e 1pr eselnt le réebgt ed is ther ef ore gcllﬁepct ed
to an inproved transm ssion structure that

Summary Of The Invention

The present directed is therefore directed to an improved transmission structure that

overcomes the aforementioned disadvantages and utilizes grouped electrically conductive

3.
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overcones the aforenentioned di sadvant ages and

utilizes grouped electrically conductiveel enents to
woaoomoa43mi t ary mechani cal structure that provPdEaIS2004/043548

conpl ete el ectronic transm ssion channel that is

simlar in gne sense to a fiber optic system
elemenyg tpsfom arvmataryipeshanisal stachye Bxabmomd@g aZOWBIHR @lﬁ%tmmc transmission

3 e n
e 008 55 HFGERHBSERRT § AECORTSSLBN AAOPES il AGntion s n
provid&pad @hhetedoppéelsaed Bl!ebﬂﬁorﬁ@ ﬁ@@im@:ﬁd&kﬂ tisdn@Elsratier thiag utilizing either
transm ssi on channel, the transm ssion channels of the
individwabeandyefive mnﬁ@rrﬁgpwblé iptedfaves v eopppreeandpetars as the transmission

or nanc.e an control of .operatio
chanfl, b8 AR S PR En e o e R S BR RIS bR ape gsstpica
perforRYERtan Bréuid cBflrblfdpetablodl fcﬁﬁra@t@ﬁ‘&tﬁis' Racls pEREsed Sktems of the

digital signal transmssion of up to at l|least 12.5 Gz
preseat inyritemcasel bplmvnd tepdetapeydting lsp@ﬂde fcmhgut@ Stgatldranspggsion of up to at

Least J2 3350 S xR o Srefhs hish B BT Sioler Bah s dfth o

t hﬁ&cofra{agltyl R1$a Qe?lef’al %jéHP&fih@b&Q&R‘imfehﬁG@ﬁJ ol 12K an englneered
where thé link rncludes an elongated diele ngC

wavaqgoideition fanctions ad aag@tlp@d/\demwtchhemnelf tink) wiee the ldﬂspdgéw an

al o t he ex I or su her eo An ther ect
clonghg Grledin Borfoeton gt R S boTist i Ribmens bbESed dong the
@dmgﬁgﬁﬁgktg&ggﬁ(or transm ssion |line) having an.
ongat ed body portion of a given cross-section, the
bodyotheardtjem obtherpgestolr ineehti‘ondmoq)rdelb adiigh- spewﬂ thanael link (or
sel ected_diel ectr o] t and.the |ink
transpRIGRS) BRSPS S Flofetion Bot RSt 0 R BOST-Cerbbahe bldy portion
bem%fa%ﬁgé ?rgnpepdlte RtefW R & Qéle&éﬁ bRELINSh&Ht, add e BB MBALS, in its most
eing of simlar size and shape and oriented thereon,
basid struotups $wd icamductive eletmentts ésppsesionahe extesdeanfach thereof, the elements

electrlcal energy wave, tr ling.throu h t he |
beingak AmilpsHreRRdskaRs g axfeniadgberess ip ORpRS }Pé’gtﬁéﬁ?lt("hﬁeg‘a gs to steer

T e

magistit Wieldsdetvoden eled tvm‘ cdnidactpreedandnts mdembintining these fields throughout
control the i npedance of the channel [ink by

the lepgfleedthg ghapngl bokag t he conductive el ements and the
ga f
5RO LA SRS e AE v oot

by sebdctiotlyistzing the Coghetive cleinehtd and Metgapn diel?‘eh‘etv@émjnemtth@éxtenor surface
the present invention is to provide a inp

of th@ p@ag&tﬁémdyttpaﬁ@magsbwce% el elP%PMéglaall$t1°aﬁelds
r Iy 0
an%fh%r o?]ﬁgt & tﬂéoyt);réa nlkjgr%/(zleﬁt];orgls 2 éﬁ)ﬁfééesalr i WgH?lsél%ﬁ%cal
transhﬁﬁuﬂf@ﬁm@éi e urﬁgu&s adhdsipaiie, zma d plheilivest grgoves folenedfin the
the substrate, the sidewalls of the grooves having a
substr@m,dhe growemvmg anoaeg sisiewalds ansethe movgsmn&%pa@y? apart by

e B RPN B slsuatts G G B Pt R it

depobih&l tﬁé&&grghc}i BVIBPHla@R b:15dcpOsiRb®)\th EanPelBtfored GhikaREsesh channels
wave gui
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
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in which at |least a pair of conductive el enents are
utilized to provide differential signal transm ssion,
woO.2e05/06¢i3gnal in ("+") and signal out ("-"), tRETARIV4/043548
of conductive el enents bei ngdi sposed on the exterior
ern1t t he

d1spog§ bl gk%gg E)’g[)%g @ggg_‘)élpc? g Zsorglért peimit fhg ﬁat@hhshment of capacitance

pes oSG A MOy L BNy 581 P o

unit IEIEgﬂS exnfllestablidhigrihegdprpaietepnined @erf@mmparamems Wlthlntthe channels
channel s fornmed by the conductive el enents. A yet

| fOHn@P(lJl?)tﬂ?élCO’@fB}CéW elsmeptse present invention is to provide

| i[r\ﬁ Rf%ﬁﬁgr ob$ ec?nﬁﬂesﬁ‘ésgﬁt ﬂ'lbé}ft‘mh 1S {or})“?o{uﬁc[: Th %g%g?(?%r%&mlssion line

era orm circultar Ccross

in thd fd€mlof ﬁiéohdﬂ Ghid dﬂfg)@eféﬁably&ﬁﬁﬁ)rrﬁ @fdular @fose-getioa ihedink including at
el ements di sposed thereon that serve to guide the

least e paie OF Perfuctipe/dempets étsn@%ﬁdghereqm@at senve toremidedhaglegitical wave

as il a dj crei I.a
there{b‘;\% g@oﬁ“ﬁj‘@% e ucilag pLle ét 0 Ieghr% ?{ll?agnqnh 8f %%Pec% étexqﬁ\haoglg two
condﬁ&ﬁf@ $GifhAEs dﬁsiébée@QE&e&% ttﬁé‘@Brﬂﬁcti\%nsgﬂﬁwsSeﬁteﬁﬁlnfgh@ngthwme of the
| ament and separ at ed b by two circunferential arcuate

ﬁlamendt a@dtssparathé by twel aizeumisrentief arewsde exienthdhe peridugtive surfaces further

e RO nt SRR BEE il sl ussgpshanne s
reduded! Eﬁe%%hehﬂasp aﬁuim! Whith itk kig e cHidubRlks &0 nhie tighty AiRed.

nore tightly aligned. Yet another object of the
P rﬁé@amothnem%amtuod the present pventiadds éo prorideiarmontcrcular transmission line

o S Sk A B e B b b i menbe

hav1r?imfx ferlR iBebe R IE X 164st Rur aiéﬁﬁ&c;séct&std‘s@tsed @efbn /@b bielectric
I st nct sectors d|Spose t her eon, di el eCtr|C

membanbending elpatiofigordystive elefments rclligmtd Wléh edobrngigrsnd disgaged on two of

th ea ot her, .and .dj sposed on two of the sectors,
the S%ﬂ'ﬁ‘i’rP’eW@gep?P%lrta@& bypngpte E\g\fgﬂ%g sector. The present
rb&ﬂt ﬁ‘ﬁ/ %c%@ﬁﬁlﬁﬂé@ 1RDBY Ge ﬁﬂijotﬁéﬁﬁdj e@Pb % faFete multiple,
ering slot transm ssion |ine
slot tsdnsmtssmnéme stmctures gnione ppa¢1pdsipmrt,,a teansmins®mi lgwitlat is formed from

i pe that ormed.fro |ve st sal ng the
condagawm S ppsSing CoT P INIR tidates bl YelalSich
transﬁﬁ'é nlififel %!lﬂ\/@éfo%eh lﬁr{‘& ﬁgé@@u@s@ra{@ rFReh b&h%uﬁét&géseare stacked
bstrate en such subStrates are stacked togeth

to gethélethewoﬂdmmw striph 1oif pamhd:fane:msmoh lian san be teomidatadan caannmnaon plane,
termnated in @ common bI|n

t he . .
enabling: 6 HABETISHOR {ing STHGHRELD 3% mognisg subgtrafe By ghigh signals can
e T -
Theseand b eCobjedis, tredvm@s dnd Edmaegamf thé tresend jveatisn will be clearly

features and advant ages  of the present_ invention wll
undegstoad) tb@»gba@ﬁ@ﬁéd@@%wﬁthe &}]@WI%S delpilsdflesHtnton: of t he

follow ng detail ed description. Brief DescriptionO

The I nvention hi the course of this detail ed
BriefDesekiptionf Thétnveatiohence will be frequently nade to

the attached draw ngs in which: _
In the course of this detailed description, the reference will be frequently made to the

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-
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FIG 1 is a schematic plan view of the term nating
face of a conventional connector; FIG 2 is a
weoecehsmatize pl an view of an edge card used i n aPOTQis2004/043548
speed connector;FIG 3 is a schematic el evational view
of _a high speed connect?r_ utitj izing a triad or triple;

FIIEG. 2 if 8 sehepufis skvetiqnal yiewpisrhigh gpesd semnestasmifiging a triad or
tﬁplechannel l'ink constructed in accordance with the

principles of the present invention. FIG 5 is a

SCIFeORA ist wishevtivvioR of Bgr@iped pRehept eiERAL] 1G{kaddRekudtédiln
of FIG 4 illustrating the arcuate extents of the

accorgapesutith the painsiplgstod thayresanbinggnlidmg t here bet ween;

5 bR AR SR U b Mo e PR ok of 1G4 usain
the afABRlckitatsast thd\cordEeiaMRetd it thb 8paidd Gk REw&h; t he
present invention. FIG 7 is a schematic view of a

t I3RS Giis 8 penspedtink vistv efen ghicasitmembodimant ofra greeedtetement channel
. . connect.a source w.th.a |l.oad, havi,ng i nternedi ate | oads
link GGSEcied P AREMRELegt PRTRERIE O thebresecDSRITe vi ow
of F1&. GQ9 R 8GR ati8 VRREO a Whrshlidh IO NhE PRYERIHRAAN used to connect
contacts "A" and the transmi ssion |inks "B" of the
a sourgevith i dorad haiving ieteineediad labds an thegmansingssondink; A" and
"B ereof, illustrating the aqccurrence qQf .inductanc
Pk £ iemiatiatesd & atne bS5 G Raoph Eventoral contact
“A” Mldahe Rhinds@bd BRIRAE SFRSInvEeidO intﬂfen?ar%édrtﬁté?f H)Jr{i@ns aé\“A” and
Invention wth a right angle bend forned therein; Fl
“B” thérebf ildustratiegriieioccuriemee of induttaasesinitissiespectivargystems;
utiljzing the |inks of thqni present invention; FIG 11 . .
i SFIGT- éé? & perepqciye yiea ot an alietnati soRgiragtion,of adiokpf dieinvention with a
. gy he links of the invention; FIG 12 is
nghtgﬂggﬁg%%i%%\ég%f%% of an array of different shapes of
di FIG2 4013 & sdhenhiais viel afit trakinhgioal linerutidizi gaha et df\ike present
. surface arrangenents; FIG 13 is a perspective view of
Inverdieiar ray of non-circul ar cross-section dielectric
Pch T bR AR5l g f e ok of e
inverlifongy of non-circul ar cross-section dielectric bodies
suitable for use as links of the invention;, FIG 15 is

arF1ek P sreperiestivovicy efonneey of ddlsaiBhapes atdielseiriatioriss
iuustfatf?{g'aitleﬁg% ShTEENL sleflS aRbnbdifengivent on that 1s used
O provide a transm SsSi onaP ne nbét ween two connectors;

FITGG. 18 id spaspetisdeiew ofan \trawophord ci@iMiasd R scatssiedlbledtric bodies
havi ng two connector housi ngs interconnected by the
that maabrsvied &0 &rmy linkg otherngntips;

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;

FIG. 17 is a diagrammatic view of a transmission channel of the present invention with
two interconnecting blocks formed at opposite ends of the channel and illustrating the potential

flexible nature of the invention;
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FIG 17 is a diagrammtic view of a transm ssion
channel of the present invention with two
wonv@rosonmect i ng bl ocks fornmed at opposite endBCcofustdee/o43s48
channel and illustrating the potential flexible nature
of the invention;FIG 18 is a perspective view of

ar ¥4y 18fis apetspecting viewe ol agtay od diffesensin qondigtisd ﬁi@é@%@dies that

be used as,links.. j ifferent |ens "
may g??é?egcatsglpggp fg‘s‘? ;Vwéi %%‘ie%‘h:%gw‘éﬁ%aecg%rb%‘ﬁ’i ve view of a
MuFiG. noes b b&@?éﬂﬁ% vty off SiuBIple td st [hkCdxffueiot Mith different
signal channels fornmed thereon; FIG 20 is a

signah ehaelstfovmedthengons a mul tiple transmission Iink
O 900 SRS ST i gt n

invelticp¢rete transm ssion link of the invention, in which
mating i nterface takes the formof a holl ow endcap;

FI ¥3G. 22 i g perspesdive pevsplrmatieg inteface isadheiteadisagstegtansmission link

FIG 21, .illustrating the center .openi her eof that

of thf pgnieb i ik Biie HisHagh SERTE FERSH S TR
t hereion;is Eh&ar pédpbctive viewP Ot Bl eRRiap BESId VA, Mivgiaifls thb Senter
endcap of FIG ZR, illustrating the orientation of the

opening thereof themeteivtssan dad@ortih dfshatrpisarissiorelinlothemin; -
multiple transm ssion |ink rjight angl rved ) ) )
S BT et 8 o APt ) g cricton

Ofth@QX@hgleMﬁ%[c@S.constructi on of one of the term nation
ends of the éonnector assenbly; FIG 26 is a

peFKpQdtis u @laniveew of a enuttipie transmrisson Lialbtightfangleuservediconnector
connecting transm ssion channel |inks of the present
asseMplYention to a circuit board; FIG 27A is a skel etal

Plefﬁp SGLL ¥ ﬁal\ébi@éﬁvg fidw6F &%ﬁ&i@éonm&foﬁof ofe f)f the termination ends

ustrati hantom sone o I nterna
of the otrirectos asdendbhye connector; FIG 27B is a perspective

view of the interior contact assenbly of the connector o
of FI61. 36 157 ReTsipative pivay o ieiapHier Saple der e connecting transmission

chanhéi'l %?ﬁieﬁg%ﬁtegtei?%r{tféﬁttb‘ Eﬁr%ﬂgli@r@*,ce”em of the

couplrng s hereon; I's a cross-sectional
Vi EMG. Of7 At b @ skelsabpérectie Hke® of 2its cdnakeor ¢l FIGY26 ilkstrating, in
28-28 thereof; FIG 29 is_a perspective view of a

phangme) segrerqfhasintrsnal gpetage ohthegnRIHRT t r ansni ssion | nes. )
" i 0P DBELAES M P B o i

27 A, Sihifts theai dxsvalla Serh oV d Sth illdstratisihg Stradtute ané 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 dieleciric 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-substrate transmission line structure.

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.
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FIG 31 is an end view of a nulti-substrate
transm ssion line structure. FIG 32 is a perspective
woiew/oei73b er m nal ends of conductive strips angCgmuswed043548

| ayers of multi-dielectric structures such as those

shown in FIG. 30 and 31.Detailed Description O The
Detatled, Dgscrintion Qf Fhe-Preferved X mhodimends rates a grouped
e'ﬁﬁeﬁﬁn&% {;ﬁﬂ%ﬁ R AP BRhHGHRSd &n@ﬁf;awﬂl%%ofasﬁ& with the
t he prInCIp present 1 nvention

princifevftthaprebdie 1ﬂVeﬁﬁor5CDt caﬁ(ble wekasthainthe Ihf:lkl gatigstudes an elongated,
dielectric boﬁ%lSl preferably a cylindrical filanment,

dielegtrigbodys S Linveferroly %)csémﬁ@??é fHharpgnts ﬁhb sptardo pdangth of fiber optic

matelil, 4Bl doqh 2 R 50 Aol e PuRER L nRe g pod o

dedidaRAitAnshiysiolinfedif Btk reghe, the@ydp 31 isfot@edea 8édicated dielectric
dedi cated dielectric haV|ng a specific dielectric

havingmnspesifitc daglectac mmtaat artd)/a pradithen enidyetivel deraents S5 applied thereto.

tn FIGREA nif's 88 baidierivd e &4 20 uftinub OB e, traces or srips,

52 oft doRGESi v matbridl Bfd, a3 dud tHePRehyHel t¥RIitBHaPEdPler 8NSteciBSs metal extents
such, they may be traditional copper or precious netal

havinga &finite leeoss-sectimndldt inmdythe molded osethervase attaahed;ran}chm by adhesive or

othergRy o B EERGHE haS P ERRT o, Bha0nEY b pERTRE148 B exterior
surfald19Y o IR bBUF 91 et 2 nag%c&u{%m& ?guﬁgbm&m@wp%ﬁﬁsn BRcBds. The

he body 51 such a sui e plating Or vacuum
condul@p@strabemﬁ mdwsmd o'ﬁH:he extaslercuifaee andblteas aS5@idtr that extends along the

. dispased..on th xterior surface and have a wi dth that
Pe“mE%Féﬁ ‘QFgﬁEwﬁﬁgyperineter of the dielectric body. At
| eﬁisltea%t\ﬁ@o SHACBRAYS AL Ssed BE eH@r?ﬁinl@ fg drd 1 for signal
typically are used for signal conveya
convdyahf:@obdlffbmlntl&h sigralss suchuas R0dsvolB .ahd v b tvsltia nthe Gse®f such a

vol ts, e use of such a differential sig
differcptial s ﬁffa%émﬁvft&er@gs pptogharagteriae see ?ah&heﬁlagef&m as pre-

e B UL, PRERTBLL SR 0r i
deliverygradl. Thed useerf Vaephélbctnd' bedyJSEpmﬁndeh éorchirefesred muphlng tky occur within

S AT RN RO
dlspJ: &Pon Ryo Bﬁfoc e%r}g&%t o tﬁat%ﬁ&@&f‘léalaa'fﬁmg{ %%?ﬁ g {1’5@ cgl‘fi@lctlve elements

pposi ng SO that t ectric I ni

is fomclln othkr thieughaheldielectrie boldg npor shich they area@;kpoeﬁe& ot in the case of a
thro(li}gh the dielectric body upon which they

condygipeshrie] awwil b erpiBee vt detrdadelione aida Nertaed in FIGS. 29-
30, tﬂ% 4ond Siveth n?é @&ﬁp%ﬁ%&%&o%ﬁ%& nlﬁ@ﬂ Fhde8 Y ﬁ{édca%%y/cawtles to

rate e co i've e
estabfisleth@ipsipee e do@mng\md@racfm theicaviey g4 andab®sghbn hi'ﬂ dielectric. In this
cavi tg/ cavities to establish the primary coupling node
manngg,rthe Enlesef thapiesgnt frysntiemmen bo ceisideredasrthel plestalselraquivalent to a

I S nne the links of the present invention may
ﬁberﬁgtl%gh@ngla {egts the electrical equivalent to a fiber

OpThep Iéibﬁﬂﬁﬁflentﬂfn i84ir6dtkd toldMeetiéad $RRNEguidsE Mhe@FhveSuides of the
dlrected to electrical waveguides. e wavegui des of
presenhimvention 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
woigis/bsBguenci es from about 1.0 Ghz to at | eaBCTAR2(4/043548
Ghz and preferably higher. Optical wavegui des, as
described in U S. Pat. No. 6,377,741, issued Apr. §f, )
energp 0OYingtiy giselertod diteption, SRenings ik theoulsscaptingdeladdipg Wit result in a
. cl.addi havi;n L0 | egid ' t
cisperg 0 R ARV Pl I LA GRUEE F6h 48y BL A Bt Ehelht boam of
the willekidb] MicroR98 Wagsgiidestaheusediaevery bith fgfueheiddiontireni the energy of
result in a dispersal of the light travelin

t hr ough .
the michevavabegui tigher Whandranganidt sexgmplified by Utk -il\éwalﬂgsﬁ%% issued

f e vequi.de. M crowav [ re .
sep. $ 0P T U At el REETs YRR RS ot the conter
portioll FaRWRUE HEAM difektibedl alh ¥alsd @ISRt thd fnid@6weveiiknnh bfdn each
by U'S. Pat. No. 6,114,677, issued Sep. 5, 2002 in_
instanah, thésedypd afrvoavegeidonare ysidde foersasddiree the erasgy efibe light or
. mcrowaves at the.center portjon of . an oven.., Such .
microgya B oA Shpeh Go% YEerh i bERrer s B SRSty Bpuice
struct@elis ef¥in&R& ol AShBNEfe phﬁﬁ%ﬁidnymnfbﬁec‘fﬁdé@ Sigh41€$ a Aighre rate of
used to focus and direct 'the energy of the light or
propagaticnowmitly e sonsiserdliinpgdanae endytedudedraitenedionas i n t he

R B IR S LLEE BYEI SAEASANBob e i

and nfiREddnb B digit&@?éna?stthﬁ)ugh Y @ahid EnR] byPhEtARAGAR 0O Mbre Ronductive

a consistent” 1 npedance and reduced attenuation. The
surfack bé elettviedasatapdmérttie Thisnkidl influddwmaiptaisiogthe integrity efithe signal,

are dependent upon, t he. qui di i.nt.enance of.
contrelfigg the i ons @dtIWPBE’&Wg&LiH%g ihudh T _%f@laﬁ?ﬁ?ﬁlf% fgfhe present
. . o I . thr b
o8 a0 S RHEL P DA S 80 0L
controltihg gid hytendl dftiee cHagnellink@od theodcoinetyidstvd thendystsinosmenmments so that
m nim zing. loss through the Link, The channel 1inks of
prefempbHipR SOWRInS W KRR POHAEbn S TR PHisdeiiE et oG RioR Creales an
e i k56 0B bE USRS I g by
51, tlgermeundeisbyadontibeosysé. rondoetpenerfaces S8, ofutpoping tharped.e., negative
field coupling will be provided. Sinply stated, the
and pesitive Aferonfighsigwals.-cr eat es an engi neered transmi ssi on
i pe. Hol ' f 4L WX,
L1 P RO RRSLE Sl e on e
diele@&A0HUEY OF fi, oppoSition et otlicy.e Theldicheai tody SafshowpdsFIGy 4 takes the
charge, i. ative and gositive differenti al

form of g aplinslrcikrofl Wi frsbaicasis bedy SAVRIGFIG, S hafanaygllike
confif o5 in ol Mgy 1B T tiTF A Kol e F Rl e distint ae

length9 BOHPRIGR) AV disbrE tdpreséntafiteest 4 ttrldnosdh 1afk & the invention where the
cylindrical rod, while the dielectric body shown in

circuff@entl katsntanr avdength Leofdenitragnndustisie surfaces aeHs hespme, and the
ENTEETNTRE T e e,
dieleéﬁg r'bgéfﬁf Blol YR tRE sdine. PRhiARGSBHh mhy B&cdHsideRA th A¥ERE 4 %IE)SS separation

e circunferential extent, or arc length C
D betwheen thucondadtivetsinfeces u Afsail desRplamet] helosa the, linkniday be“unbalanced”
circunferential extents.or arc, lengths G of th .
with feioldBR GURITEY 6 BRI BT et i o e beits gfpgter tha 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

-9-



10

15

20

25

30

dielectric body 51 are also the sane. This |ength may
be considered to define a gross separation D between
woOherspesdoct i ve surfaces. As will be expl ai nedPOEIUSTN04/043548

the link may be "unbal anced” with one of the

conductive surfaces having an arc length that is
contagtrmaa@d sq beawiilized i epnsectos ARPlicAtianse T hamcirqydar £Fesé-segtioa demonstrates

nsm ssion | [ gl e-ended, or

the Sal%e fco 8%1(?“3?%5 a%o 81218% |r§:8gi (E)O%gacﬂ)% i nst ances

Whey ifluétheDineHIECH ) rthe hmasJny t88 grekérl invihelof hiagWeaniodifiétbto provide not
link may serve as acontact pin and so be utilized in

only muhipteceonduetiys dleeentoampartofi the eyerallipystene trarsmisden mggia, but may also

ncorg AT B I A R RO ceprision o
light £nd &ftRal d@{&fs qf, tkiB @egafd% FedicleByieMol P 1 IPbraBtonaetité h @ehtral
to provide not only Itlple conductive el enents as

opempg 51 tlmrbuglhwhwh@navlpncdfmeeﬁﬂi extamdsmiBledtoenl wignpls may e traggmitted
corp [ofo] dent and coaxial fiber optic
thrw@af}*é id fc’ﬁ] %%ﬁts 1nfégr the transm ssion of |ight
fligGO@fsb}feﬁian%mgnﬂh&ratégh &msﬁugsﬁgﬂﬁ& 70 ﬁi@o@bﬁhﬁghmnk 50 of the
body 51 I's cored to create a central opening 5

presenhmmgimnvdmtcehteads bpweenb surbe?] &8l loadds ThEk:emductlmssurfaces 52 of

ghal s may betransmtte i nk.as
the ligl Sy Ry e APt 0 U dyou Felbes aSaWF@ o PPty loads 7
mterrﬁechﬁt@ I oRdeQhd hd R ad. OSﬁHP&EMaﬁt 10A& Ra) bOKIRA t8the sﬂl@tem to
resent 1nvention that extends between a source 71 and
contral the adpétnceliheough rnhhjsystevre Aluint fmpedabige sfestehBsheil pkthe source and
serve tggl nt er conne rce and )] oad together, as

t
may Yoo by i SRt i e 5o R ston g ens o 1 he
q‘é 8 iR afel & chQAticalty Clle 8ﬁf‘e?éﬂé@ ¥t eRA e 1% Jf ﬁle"iﬁg&‘ﬁt invention
ot ystemto control the inpedance through the
and c%ﬁ%rﬁﬁhalkohﬂmﬁors,rmladh aedoatlsillestratbd assppoded bhe debastricblock 76.
may be nDdIfI%P addlqg sec ndar | oads to th .
Two éﬁﬁﬁ%@%‘i%ﬁmﬁl fen “FF’@ 7?331ie| ‘i"%§° F?é Arathergopguctive
I h f [13 2
mateﬁ%v e ntelgi%ﬁﬁ gﬁg& 0 n%gﬁo??gtr? é g c%o r i’ g’%én grcl)la’f?ement A%

the twé HisseterdoBdudasr 1FeeRar dntpeb jtelastdlcﬁhre tithi a:labgeuﬂﬁuc'fzﬁlce Tpbecause of
di screte, conventional conductors 77 are fornmed from
the etl;lémd cuigent Ao Hewitecb Hgisatlytbe Haltsenfithe Presept éxteatien have a smaller

1nducft?,pcg Kﬂg?tt 2%@%%&%%}@% Ql[ug @o t g?c ) e@é@c 4 d{f&lvé Igﬁﬁ'gces to each

othethrs g)‘éﬁﬁbﬁe@d% RO 81 ceeld bodl U C TUE Giriérdstons off ﬁ’fe@@hnks 50 can be controlled
ctance (L) because of the enlarged current | oop

in thman@a@tunn@p@nws;and ph@umrnwﬁl o the pectprredpmeess m‘impu’@ﬁtunng with

e |1 [ on t ant d
e e e B G BT i R5 FESE o e
extru@ﬁﬁhs&B REeby §§e19&§}etﬁ1:&ﬂ1%cbr§§es§ bethet Bk esulting daastyuchidn is of the plated
di nensi ons of these’links 50 canbe controlled in

plasttchanﬁtgm’ﬁﬂiaofbhnme'rgf t]w dmmcehndy &x tand gheowpacing betyesen lgenductive

CERE e R T
surfaﬁéaﬁtﬁct II'af;) e)y )ﬁgﬁ foP theQbndih 6f B (IS @Obo BRI 1ASy &hd Hightly before the

ng process so that the’resul ting
ends ¢lomedfrate looanon whefe it inelegitedtte torplizeg¢ the traasmissipn lifie tea connector,

volume of the dielectric body 51 and the spacing
circuosedt sEBHFOmPeaSnt:

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
wonrefsmeatsby extend for the Iength of the di el eBCTiUS2004/043548

body and nmay end slightly before the ends thereof at a

| ocation where it is desjred tgﬁtern1nate

the cqndaﬁévﬁ sies i orend Sgugh Hiedien 80 Wil e Fame geaAEtigh spacing between

N .
e PSS SRR L SR 45808 g, T e o
51 anflthd é’lﬁldﬁét[\m s@f‘fa&d@%Z% etsily eminthigbd irthed epdveiptand separation through

illTustrated or in 'anf/ ot her angul ar orientation. As
thebesﬁdmhmh@twwmwxab osefsf aces 52 extend through the

sane .se [
o310, PRl PG B e AS AR L EER, Shetcso s
consi@érdd bs ARenPRskion bdlsHoehes 'ﬁbhﬂorbﬂﬁ}fn&é stk diblectric bodies 51, and one
conductive surfaces 52 are easily maintained in their

end 83 pd diin @rmmtgietp armaintesreircuit bagid 3 ele%detr@h@m may hadirect in order

to migiplrE e drsmip RS TGS AR kS Bppder b ueintains any

dlscof{thﬁnﬁésneﬁ a3Rintriuf QRS BFRMAS Thedd [ BUSRAiRRINGRE ERdu ged aspect of
formed fromone or nore single dielectric bodies 5

the tramsthissien buld Bamafation iiterfacas D madycet nrowaecbwhmeéhb link is terminated to
circuit . board 83. This term.hation. rect .
the cigingaipt PR AT AR Seamo e SREMRE I O pRepie bRty In tis

maanP & orofinin b OF thel doAMSHSE stiitabes %n&ﬁ?a‘ine’&&iv@i fik 'Pélg@HWf the

di’scontinurties at a mninmumis al so provi ded. These
transﬂmsﬂkm 184 resmitinigain othhgeogretrippan depecal uniforntity.

orE30E b Aisaies & ety PRAVIEen: SR RSt Sbhe AaRUREL igks 50 of the
invengﬂohh Tl {THI&‘% ‘HHE bb,ya S G Pt ¥3 RlenkFRIBABYE Bollow dielectric

scontin hi's manner, the grouping of the
body ©drwhich 111vterns sluqu@cte _mulisplaaomhmtme siraces 93 thet dremeptabated by an

the transm ssion |ine resultln I c. and .
intervepE SPResa P ?11’1&1%% Ewﬂhmﬁlmﬁo thy ‘[% e dod 5y affﬁ’étcynmcﬁon 1s
sulta@% f%JflIStE F er pﬁé‘a'tl%ﬁ ogkfer Lt A dARSHE S&itAN céﬂd‘%t%r 93. In the

I nventi on rlg st I"ink 90,
middbelik @i ofdﬁ(ﬁd Uttthe c@Bral sown 96 icpreférdbyy ma&@bf a)wlected dielectric and has
dlelectrlc bod 94 which in turn, suppo g Sﬁ
condyesiya sErcss 92 SRFResied OBaL A afotsgive Suisar Vwc gt 98 is preferably

prov1{iE&e i #gfye%dfonggs%aaﬁé)@?ﬁ% ik, b @t dd fibk DO6F Fﬁf‘sl 1(Has a

is construction Is sult

protetidve sifer jackepOIvtat aidses apladsable/gudyraerones IO(Bthatamclrelds either a
by the central conductor 93. In the mddle |

|
condwgtige of insutagiye sertlVh Pariory 1 Yeotithe pped & @BIW“WQW@E afcoaducﬁve
matelﬁgll tra?éj%e% eI%Goterk‘f)la?&fpe on ngtB @g lg\ér ﬂ1|\é E&gfﬁ Ilég %r?)\‘fl'icc‘on%ziitlve surfaces
desn&ﬁoﬂl theod} ef tlelringp mwnﬁ&ﬂ'elypom @tthe tlempts @ﬁrrbmﬁhﬂme core or of the

the inner link. The leftnost link 92 of FIG 11 has a
link 9 wepbe filled withair god snastbegpacadaaway frqns 3k st Hembexy| way of suitable

o) ri;g ring 100 that encircles either a conductive
Stand8?fls Eﬁﬁllgﬂve core 101. Portions 101 of the ring 100

areiQ 1 atigshtvtek An arrGPoElEdsi 1M6-1TBttR4thale tbl odfe? regions combined with
separated by unplated portions to define the two or

the dipbgctricoryidtto Jerny dmffeeané typge of rangmissianHinkiso dinkok1 Othes two conductive
surfaf:ﬁes%&)% %::({] ﬁ%re Xleno 5 (1o e, ﬁnri)ala%lcee E]stp%se W B¢ ggtep shrface 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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link 92 may be filled with air and may be spaced away
froman inner nenber by way of suitable standoffs or
woheoslocks9 FIG 12 illustrates an array of | i nRET/US2004/043548
110- 113 that have their outer regions conbined with
...the dielectric body 51 to formdifferent types of
differepfiplognal ppatihks. Link 110 has two conductive
S . . | . . .
i RaTE Fs Byred BB SR RS TL B SoppBR G iffdedfin signal conductor
115a@he ke atsorted pamyid sdndtdr1afb.t hinkl1i18 had fdhr ceydystiow sutéaces 116
. single-ended signal operation. J;}ian 111 has, two )
dispased,an its diplestrichrelysil s gvhich the gendystigeisurtaceh Hlfompy, gither include two

i YRR, RSy R SRR Pl

grouddd. support two differential signal conductors 115a and
an assorted ground conductor 115b. Link 113 has

f
c ofl§udBiillestraips fan eaay ofi gnediyppebean-grculardings 42422 ﬂx%g 1roolygona1

body. 51 in which the.conductive .
cont 3R SR o5 FRALR, bl BB AR coptsuraons o
with Bakd $11-072. arisd AigleetridibbliRs 8N iiagbeRAirhdet with rojédtihg Mnd portions 125
associated grounds. FIG 13 illustrates an array of
that aye platedoer aslherwise-coverediwith conductive apterizp tdiidysd corsbistive surfaces

e R 05 R G AL b s o
the cdrdictivod surf@s Se@l@htdd dh (ﬂ)?géiﬁg sidés GBthe BBAE Xgl'idég &fhdWoltions 125

projecting |and portions 125 that are plated or
may be¢ headwb Skeyd dureednedtertslae aliennineéngreqnsestars. in lamgdnpeissathat contact
conducti ve surfaces, a di sposed on.i ndi vi du sides
betwE 1 QOMACIB A Gy ) BR 6 <QBPYERe FHEF LT Pty offected.
si gl 4R soBadGRRAM Hidl¥RriS o diaCat AEPLERRASHh the present
on opposing sides of the body. These |and portions 125
inventionb éOnestedy 180 ikshp'tvni astconcxnwbie the atherttwodiodies 131, 132 are shown as
. termnating cqonnectors.in a .mnner so that nt.act . .
being, GeriEALY NG GOR RGTHBFAIOB y HET-L GO SE GG o ffolegic bodies has o
tend P%E&ﬂc\éﬁtrétéﬁféselécgg’ca'l ﬁeﬁ%ﬁ‘e}égfh &f igCh&drs Jrithe cobffiuctive surfaces,
I'lTustrates sone additional dielectric bodies that nay
whilbe slighitlyi @adexforin as lskovon astenty 130)leasta temlentnto dvodgnttkB0the field

sﬁenﬁgsvgw gq%é]\;@%g Qlt\éleo)[\_(j@r \é\%énglggép a O%p%%#@%@?q%ﬁéseiﬁus]ﬁa%éd by dielectric

bodi%of%f 1 984 ggv &n%ﬁ{:iﬁl%r%sta@ﬁ RABeERCAshOAs BEcalilifit focuses the electrical

| eléctric oé?es as a tendency to toncentrate the

fieldéhwaidly. Tde Wwidel ok ¢ teapths lof fiesd dvmdoctiverssrfadest #seshown in FIG. 14 are
conductive surfaces, while a slightly convex form as

less thabih widthis ayc lenghs aide sespedtiyeiRedy tldecmperine et he
fi ﬁlll,gor@ahﬁg,gﬁ%g%ﬁ%@ggwn nﬁlﬁaugbe ﬁﬂrﬂgﬁg)h/ ggﬁgfeg%{nggfgﬁtzb@ FIGS. 15-16)

The ‘conca as | ustrate
carryd@fin@RiplSdignal 3Rarmels theregpongwith ieacteduch khasiehinkluding a pair of
reducti on aspects because it focuses the electrical

condpptévessurinap @f-503. TThsse gprstustive suglages 2Rq 2Pk argpeparaigd from each other
conduct i ve:. . i

o U U5 R P 4 ot 3o

interSeHREY théMdo iR Thi¥RAtrs6h R0 mhh Be LN Pagifan overal connector

maybe formed as a single extrusion 200 (FIGS. 15-16)
assembly 220, where the extrusion is received into a complementary shaped opening 210 formed
in a connector housing 211. The 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 through hole tail portions.
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carrying nultiple signal channels thereupon, with each
such channel including a pair of conductive surface

waQms288739 These conducti ve surfaces 202, 203 aPeET/US2004/043548
separated from each other by the intervening

di el ectric body 204 that supports them _as wel| as b
p&1@i Bhidlugtoases @nﬁm&e@}e@bﬂﬂ@a trynsErssiosydapesls S(Lrﬁﬁf@lgvéﬁ as

. ext,rusi on. e £ ! .

s 5 00, YOS PP ARROf oL 180 BEBhE v asieht gt

block!188 @ha Beblidek @ sariesdTii ghemtlapassadeaned fompeddi thgre@Mhich receive the
formed in a connector housing 211. The inner walls ?f o

transroiygion phannalginks pe shewyn Ja ayangesmauiseiugh gs thabshovgyin FIG. 17, it will be
cont ac 12 may. be,insefted | he .h ' ; .

unc§8 B oS RS ISPy RN B bl Samutctuiog

proceBE SEHSA MY exBUSibAGRId RN SucA ChirdteDH@R bb MdufRired with intrinsic or
portions. Fl G 17 illustrates the arrangenent of two

integriatedivondustive legteatsridl In foe menufpgiedngef these pdements dhegrgmetry of the

term nat ed, at . one end to,,a,connect bl ock 1 .
transsp850h (g BsIAREY 50 St OlRy o8 Wchshe S50 2h Badhing of the
condi1i$€ ElefRnRfupbh @Y diglRetkie bhars 888t #B3rahS¥eidn chatelsiwill perform as

whi ch receive the transm ssion channel |inks as shown,
consiftentand anjeystactosi¢oravaguitérawhish il sipppor axinglg chamnelypy ‘flane” of
. under st.ood t.hat _the transm ssi on,.chapnel 1inks .
signa| GoRG GHP LT Cn BEORT MOSUSC T AP of P ypirSed Banne links

may ME@&%&Q}' e bleUfeQYsteR Bf BRGIVRHEA afeeRIB] cofB¥miBle to various
manufactured wth intrinsic or Integrated conductive

pathvedye resrtextended lengthh evithantfigificantlygaaificihgthe eldctringhperformance of
the geonetry of the i ssi on.channel itself e.

the syt 176 @ Aol TABoCE RBD S P nIRe pairaion Fiphaps m o

vertic{apg%gﬁl?c}ﬂﬂ GHiNShELRIRNES nﬁp%liﬁtaﬁ_ tﬁf BARUFthStrRRHiBForSPannel links

he 't ransm ssi on chahnel s w perform as
in a rivhhaight eéntativah fonterminatien ecethemdiompeavgui des whi ch

will support a single chapnel .or."|ane" of si l. .

(i Bairiishs Serod eomier ddce lackS Ochades o B hicy

» . . .

separhiof IS TR AT PR S of DS ERY BRI blocks rises
amon@ahé LikseBel0e3(20 T diik masngrait shayd be uedersimodthdethelsbaygs b the bodies

wi t hout significantly sacrificing the electrical,
may hrefhoseiigisevide dtffﬁéergk]@@h@raqtﬁ%stw% £or GrRE BF eleabisplfiglds

[ ' 1.SS]: channels in a

devel\%/sg(?q ‘?@éa(ﬂ ﬁgfplté‘ﬁir?gﬁ% Ql%ﬂ%flﬁg? %%§%?%hék 182 may mai ntain

t g Ge ngl ghirateh @ niuldyis chamiebex taismna@ withnk series ofidielegtric bodies or
angle orientation for termnatjon to other cos(r;Ponents

blocks46] intercppagtadrbatveebs 403 &t which b gendughiv sefarss 0 e Rgltiple or

r_.bodjes -~ i ' r: Atz en di C .
o, PN AR A, SR S5y s s
multipfe sidiRl EhMaKS, Wit eschasfeigcHahigels brefgatd) dncditing bpait bf differential

~ manner, it should be understood that the shapes of the
signaboetidestivesglementehosen to provide different |ens

C i stics for, f,ocusi.n I [i [ S
CO0EF 5 S o SR R Bt B LB L 16

links o Ge p&seht InvedtiohtiRsy Fe W@Hhinhfel ent6 RamMRtorend bihet BoustPe. FIGS. 21-
wth™a series of dielectric bodies or blocks 401

23 illustrate cuntenninetiobintewéiss agl@ sormewhdiicenicelradeamuhich hoea hollow body

501 v%lfg Zl ggn rsal gges;lir?grs%ogy IT]‘hle %logy glréy 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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conplex in nature. As with the construction shown in

FIG 13, such an extrusion 400 supports nultiple
weigsaksBhannel s, with each of the channel s preCemakioy/043548

including a pair of differential signal conductive

elements. FIG 20 illustrates a standard extrusi

conicaljaspriien enkd 1 0s HidwererdapEY (Ggnay be %tﬂ%?“lred tmﬂ%’émmﬁﬁ‘?@ % Single
transrgﬁglogilﬁg ?iQLs iQMeRtd ﬁ?l@yﬁ’g—%g etggl ﬂ?}f Ff)a GRMRE tehination

ousSI ngs. € one

interfh® didnednifate lrrﬁilﬁlblé desginaiSiransSin Ales ﬁs)ﬂluGt&ldtte@ fOERS. 24 and 25.
whi ch has a hol |l ow body 501 with a central openings

533G. Fhilusisetgs ﬂwnéwé opP implaeg ¢n &peries ofinky %fé?at qrf fgrminated to
an engglagk éﬁllt {ﬂ? lgaes esﬁ. ul%é qZCI%’H 1519 ‘S‘S‘f sosﬁiaptﬁxe F&blgélggﬁcﬁiﬁﬂf Be attached

I nser O varl

to a cRBENbOMIS (hdt SEGRAL cnwenh@apsmdaa $oPfak€ tHeCshicabRaictige sivdvn in the
as such, preferably includes aconical insertion end

drawiBgg buTay éaké ot Shaperand eonfisurations signites tq datsheatendseseribed
belo a single transmssion line as is illustrated in FIGS
Clo%1-23, or it may be part of a nmultiple termination ‘
| ey b aarisBnds ke ERdrAab Qondilubliot 6f A &ldivledk 370anS s a@Bement, the
lines as illustrated in FIGS. 24 and 25. FIG 24
transinissiostlinas, @s linke5 En @o&aﬁ@smg@ﬁomra @iklgeteicand anodudei aspaingf conductive

| inks, 520, t hat ar Iermnat k 521. 1 hat
extent, &SRR TSR ST RGeS (595 e SRR, RRGS KR Bl ome side for
clant?ﬁ.&d Ry Bfe maedtdn® lﬁ:u% foSHEd of BR Hr b Rt SROMKL 571 that face
endcap eed not take the conical structure shown

into theplahe offthawapgf FbGt 25)a Y heskendudioe estmtseisﬁaam@lcomlected to traces
conf i uratl sim t hat . s descri,bed

573 o QiR DRI D8 1 PP cnnduct iR Vil e (DR BE PG g the ciruit

boar(P§74a @Lﬁﬁ@lﬁlxﬂeﬂ‘aly e cdlﬁhﬁ&é@wﬁhfneiﬁgﬁ&?}néf thé Qﬁ‘d block 570, if desired.

transm ssion ['i nes 't nks 571, are forned froma
The vdased Bcdre pmfﬁ'ﬂﬂdylsphﬂ asc*hown pad theprftwomnoldintive seatione aeseparated by an
572 forned on their exteriaqr, surfac with the,
interveRing A% 0 30 SHEWRRGRPAGAR Qriee S RRPOBFE EARpFSig fhannels at the
o respondi ng extents being formed on the
leveltolijrﬁ# aljc?g{sﬁ of the links 571 that face into the plane of
t G ap diusahtekhfsend®ap, orftiekes00ancuni¢d toe mttﬁhclsctﬁt'ﬂﬁ)ard 601. This

are connected to traces 57 on .a circuit
style ah§adsib B0 oRTEEs e SPaS B BRag R A HuSTRAE: B gebatral st
s e A U 2o . e
endcgtesonhector Gitemuy hsvetaHusliey @fiveihdoabb30 fophodesao shdpring the

and their two conductive sections are separated by an
condumvgrtmbmlﬁgn@@% ofABe contags ﬁWaiOrf:ogr@wémmpe?mg Haces\pg the circuit

boar%@ gl%t ﬁ‘f%cteégpﬁﬁ %n g@ﬂgﬁglén d\‘?tthettgﬁs !S(g(?’ ﬁlaﬁ ﬁ% ve th6ir horizontal

parts500 lickdd bade the bodyadt thé eichp hdasarpedto G&Ihce THe cﬁrcﬁtt)blo&rdqfad size.
endcap 600 serves as a connector and thus includes a

neederbas el a6 O, camlwnae eldthe ppters pighe siritbaadvar i ous

U S AR LS 08, BB B3ty B spovs b
the cOtHéE! dr&éfnﬁxﬁal%@ﬂ&l‘é’%u}@&ﬁteﬁ Qvithi€ eb&tél thRjudh thé\¢nhb&or housing
602. The terminals 607 may include a dual wire contact end 608 for redundancy in contact (and
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 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
wo6Qdos/ob#r3p nst ances of surface nount tails a sheemuskiea/043548

tails 606 may have their horizontal parts 609 tucked

under the body .of the endca ousi ng to reduce .t he
througl the gpERSSSA PAUREOWF 2 BB ] s Tl Srpsppocdiaa, Fom each othr by

capacit ' ' . d
SRR PL ML S AP by B A o o
such l‘gg nReS tvadth GO0 isgrdatehhas a komedpbadiag mtidibitos theoerniarlnthatat spposes.

7 are supported within and extend through the .
As shownrie Sreghawiogs i theycawhing saple legsarn apytioeed inaljsrment yth the

.dual - re cqgntact..en far I [ :
termigaff TR o P h R 5 Sy e R Ao E R of e
conndefINEE IR B4, BMo pRGtidebecoatrelofep tHentgrnsihalp kieat 6dibtittan channel

has an inverted U shape and whi ch enhances coupling of

(laterslhyd acwossrihediousing slot 60 Hee drali soniect PThancs enkyIorengdes; fappath

15 . h t Kk . .
redurd RS SRR LR SBRe O Lo SORT e P BE e b g 510, 27B s
view BF tHe@htelidr @hntdcBaSethBRUthA S uSAAE Bk AdiP cdnheetoeediof FIGS. 26 and

ot her by spaces along the length of the coup

N
27A. sThepemnieals 6@ acamangeden dppdsie sidesef the b@meatoawa? ggappunted within
such |l e s, aw di,h that i [ e r than @
respegta R BUARIORG: O it ot *RarCRlAHS RAP arsp eegp sg g other o
presefédted Mk M N&: G4 ANpAGiS e o termbRAkIRIdnRRtsd0BRbart! egs are

positioned in alignment wWith the termnals. The tai
pok comhistiod caviplisg stdpkl 6 1ihagingeniverall J-specoriiadeeshepg may be

o B SPRE e et b3 o nanc

the c@.ﬁgﬁg SbtvideAbid &b tlﬁ%ﬁ*lﬁﬁalg Be7 .h’gﬂéi:diﬁliﬁk QttaﬁﬁQﬂ-S bA®a series of

contact path not only provides for pat )
blades A0 g aeysphesd aphis by imdveringishases AL endiwbishefe intasposed between

I E T T X X
the c &ﬁ{:ﬁﬂrf gﬂ&eﬁﬁ}ﬁé cP5 th@ﬁdsﬁg@hw?sé 1188 8g12the codi¥Rtor body between the

erm na are arranged ©on opposite sides of the .
conné@orte6¢ks61an Thacenmeoton bhkwb t hami the speeciov bossimpe?2 (particularly the
. blocks 610. These suppart _blo 610, are spaced apart
sidevrallg fhaaihmay Mo GPeBIES o1 6 Eat dherpa b et Shpep it Piyes 617
' ey i . Gh&AnEHE b ¥Rachment
thereBERoREI g nRATcRBi BRI BcBio b, PEREUE o achnen
may bé adiezedhapesl. nEH 28 iy avérdiedewind theespnhectonfiody whhdllustrates the
. between the term nals 607 and, support bl ocks ﬁ? 0 ta
interpqsitzonced theouplng peplg bSBYSseErPan Y ORRETRE st 3y the engagement
607. Th i eries of Dbl ades
Qﬁh%EﬂﬂFﬁgfb§?%ﬂ§6§%g§B§%%?Fgégh@%@%ﬁ%@hing spaces 621
andotiitetanaing thefoesgoate BIM.vie an ajiahate enfbodimpms bfithe invention,
contacts (FIG 28) 6087and which extend downwardly
referredvia hereinagierasra muki-elannel dragsmisgion ligs gplptrateniV0s soypinaed because

615, extends | engt hw . . .
G LRSS OBUALA Raf SR TALEE Ympey it
subs@d8 767md ANBoRARMNENE. N9, hPUsiandickORic(spbsttateT02ekds botHeplanar "upper”

sidewal | s thereof) nmay have openings 616 forned

surfach@p4and 4 lanartovedr! surgarg J9enBatwWash Hesumpersurfiee éP4 ardthe lower
surfag) hg@ }srr}g%}%c\ﬁggfn&g%fﬁggh%{k%géss&f ALGOR i%ll\(’iiégief %%Cp 59 a?ﬁeing "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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maybe utilized, as well. FIG 28 is an end view of the
connector 600, which illustrates the interposition of
woheosmeupbi ng stapl e between a pair of opposi NGCT/US2004/043548
contacts 608 and the engagenent of the connector
bl ocks 610 and the connector housing 602 " "
dielecm wibstiae AR Paphaveany épaé@bpmg}tatmneel%w spfacereogld Re o tigper” or
" Pll nment of the invention, referred to hereinafter
0W65§méaﬁﬁlt|-channel transm ssion |ine substrate 700, so
Nagekt BECAMERISIRT BreT03 (o8 @lAsS bE whichNFEhISs sltown encircled as
lines 708 and 730 forned within a single planar
"Ll")ds ﬁjrmed i thegpbet suafaee 70Pof the pnandicleditipsestatp, 702. The slot

oS SR Sy p A S B B B 00 g
throug‘g%ﬁé’?gﬂsgfaﬁﬁs léﬁﬁ%teﬁiérdfl@ct%ﬁc%?oﬁﬂg strffRed SWTHcH'UIhhP&ES identified by

electric materi al hi ckness of which is
referehoelinaatats 710 akd G14.2Thess shefaceg ateReparfted fhas paghathesby@n intervening

. one sy e_as being face and the
distargp @b 1415 i PR 43 BRI ETTTH G Bogs tCTO ARl 716
0 I"’Ilh3é if) rs%{:t[mll defte & 5‘%@ $54d ALIWikh ﬁﬁtupf)éi" sufrabier ﬂ@rmg_ B "upper”
pl anar ectric ate 702 can have any spati al
edge ’018 @fftha&]iofml 0. eTheiatersatibactthe othed fise 7ah withphewppep surface 704 forms

" surface. Afirst slot transmssion |ine 708
Secqfldhélpﬁ‘%?néﬁt%et@rs of which are also shown encircled as
hdfiSSor e 908 {sHEmt a8 R¢wo
e et¥$§épgﬁﬁg??EFEW§8¥QR$EE§H'ot t?ans%?£3|on l'i ne
electri@fyiisolitod omdiuttivaratips TR0 andsi2@talonbGattnodthghppdredges 718 and 719.

substrate 702. The slot 710 throug e substrat
Alterpgie pad e@ryale egl)botiw m{aa te the gréggot&“pansmﬁlé)gqmpﬁggned bya

s1ng1e|.ch %dhgt% %tﬁa%%ﬂroﬁgl'é(vﬁfcﬁrtﬁ@ 6t *f‘l'f'U"fg 'inl?elec%g%& ﬂﬁ@ %J%‘labralded or formed

ese sur es a separ at ed

otherivi¥eEbiv&dting @hdihﬁglél B@lﬁiu@ﬁvd\&tdp Iinth&&ﬂmumllyhﬁ)lﬂqu ostidugtors.
surfaces or faces is the sl s '‘bottom 716.

-
 Anotherteatbedimens ﬁompmpheeSégwgﬁﬁgné 722t are g thé ypRer Sipfrse but set back

o YR B 15 8 A 19 B0l SR Tl RS na 225

notgﬁuﬁ{agﬁeﬁgé;gorns a second "upper" edge 719. ﬁwter the
slot 710 is forned, the first slot transm ssion

70Fhise of oidinsey gl e artsboyldaegagyize dt &teeséot&éﬁd%@v\?@ by
proceg%eglagﬁ@z)%%e%g tHg lpértglﬁlg.\n glb%&&l% ﬁgt?ﬁﬂ.mgﬁﬁ%es%%g ‘f)rc'ocggs%s by which

quival en

the sl6PRUBAMEE Aot femhhé Bithe irﬁ/bnﬁdrﬁﬁsﬂb&alaﬁﬂ claimed Fl@'élﬂﬁ‘dn the preferred
a single conductive strip, through which the sl ot ( "
embadémentcthieslotis areneh@ided with 2 dzféﬁca‘ul@@ate@al thersiatg are instead "illed" with

ect | , onductive strip into
alr“g’t}\‘g"iogISE‘BWFY% Y335%£ﬁ°g’l 3‘ G ors.  Anot her
enﬁ@éo@iﬁﬁ&w‘é%ﬁﬁﬁmb 2h8 923 tHat RS ségfated By Mdkl14tTa vadt "OW" will have
t he upper surface but set back or away fromthe sl ot

a disteithgted capzantamb m‘gbewemihgm Slihefr @pqﬂlta@equhngywﬂt brea function of

strip in th hos
spacige befRigen i TR ha i PeeR e U AR B ey enine
space?b&et’r)u1.7 4% iR sﬁﬁﬁé@ﬂeg’é[f each strip that faces its opposing strip, per unit length.
The conductive strips 720 and 722 will also have a distributed inductance, "L." The

O3

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 and 722 together act as a
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processes appropriate for the particular substrate
material. The process or processes by which the slot

wOo0sm6#mBa i s not gernane to the invention di seCoR82004/043548
and cl ainmed herein. In the preferred enbodi nent, the

slots are not filled with a dielectric_ material; th% .
transmfsgiog line do highigegyengy; st -lnmrQSﬁeda@qrgssmq:rgh Inggauch as the strips 720

Ver - . di i i 8L hC. ot
ot DI RSB AILSE o SHNARERLL LU T e gosbinsion o
the slbhandsthebtripd @rewo géther r¥ferred kd hdreivies a "glios transpiksieh line."

cg{gaci tance, "C' between them Their capacitive

c

Bedong sleit frangseission ipe 73 Githesondpetersef Waehweelsosaown encircled as

ny AnSE 720, .2 122 e diel egtri rial . i .

w2 Pl BBl b e SO B G e R by P70 oot

lateralfy @spPice® &6 b fird sldh dbndniefsn 1ih6bPRARSINRE d&idtédas "$ehin FIG. 29.
unit "l ength. The conductive strips 720 and 722 wil | '

As shawadn K36 e2% tht slotsiob theefitst andisecandcsbot trapsmisTiog lines are parallel to each
i.nduct ance. of the str.ips,.720 and 722 will be.a . , .
other P TR R o gt etk R pfelers lepgt-wise
axes.| ThEIMA M DG aIBPEHSS 28N dhdull@ thRbdrbR YetdAbthuedBY méah thessi®ways
t he capacitarnce and inductance of the strips 720 and
displa@meanof driesladit@hanission libe fravmethe othem Int HE. 89y the dateralodisplacement
and. 722 toget her act.as _atransmssignh line to
betwegndhe f"i‘%ﬂﬂ_ Sasmigsipilines iﬁ% P@Z&ISZ(??OS s them Inasnuch
asy i ﬁhesﬁrgﬂ 5t t?a%gmfé%ngi%g 788 [th@8ecBndl SRPEIAPHEE lihd"B30 is formed
when they are separate y the slot 710, the
by cuttighorruahdraiseddrohing aslon 732 titougdhethe subspratesitod. tThgesedvad slot 732
referred to herein as "slot transm ssion |line_" A
depiciiriiCs PO M hiFn RN o erfecondGIqHIFESRINGA P8 730 gilso has two
' 4 & ] ' hds Y2 r :
orpof S RAE o2 A0 ISS1 Ll st 1o yEhee e ng

surfasestzstrant 36 02theal B0 atessteparalell froth sgthantiest bfyraa imtetvening distance or

. Jirst slot transmssion |ine by a distance den?ted as
width W. The gerend slot's 742 botgin is ifentitigd bygeterqnse spgewl 638-t he

fi . 1,.SS] l I

| S0 RSSO S 3P D20 R A 730 coes
not ndéd ©Weitbdisdnieds the sgcinaagtmeh thoopgisingl satfaces!7aDghd 714 sLthe first

axes. The term"laterally displaced" should therefore

slot trﬁf@Sl@@ﬁi@tlrliﬁléd Sirgilerba thet depthsP @& arghssletidoss Beiaieahto s the same. The
t ' ' L t , . :
slots ?‘é’?%‘(“éﬁr‘ﬁ ﬁ%r%&%ag‘nﬁ%lhsltspog%{“m%g gi]r? 1?‘%%‘% &%m rhs‘i‘V{% ?lf e% %%% é‘%ﬁ%%s?‘itﬂgﬁ’r different

deptsl He8ddiEén, aREIcohdbctive strips thatiabet thb@dgdsioFlead] 9bt can be of different
transm ssion line 708, the second slot transm ssion

widths; thickness dnd/dir dengtidl Tnye rreiferredh gmbediotenb the enndpesivei sidpsepach carry a
dffS|§H 732. t hrough the substrate. 702. The second sl ot
ifferegBal 803kt o in FIG 29, which corresponds to the

S eCiRR ¢hestirat s1bt! ARSEEHYI s 782 RS thdPuppRt SelgBa® Giedge 740 of the
opposi ng surfaces or "faces" identified by reference

secomlstetr 22ss f8hed iy thigigtersehoropiibs ifavg 78drvitictbs upper surface 704; the
736 of t sl pt 730 ,are separat fromeach o r..b
other g A I BT Y e St Eet DR e Sfcsy O Bt 7 eay it the upper

surfaZﬁ?O gA%Qfﬁh thSfitsH Bt frddsBiksiN RIBReNES theeBsR s168B2 ik Formed, the
shou e noted that the spaci ngW between the opposi ng

secoslslbttemsm8ibndind 7386s fhomed byplatiegdr vihetvest ippl gagbv@slectrically-
isolagg%pa@acavg gtp?agt’M Srrl]d %4{166 alg gpga% %9 thseuurpfpgrC eecfges7 J/'EO gr{]dd 7472? A:Adternate 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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slot transmssion line. Simlarly, the depth D of each

sl ot does not need to be the sane. The slots from
wohoashett3e sl ot transmi ssion lines are formed eanusannd/ 043548

different wdth and/or different depths. In addition,

the conductjve strips that abut the edges of each slot‘

into ﬂ@%ﬁwq; elegtricgllyisolaterdt Condyetnss 74dmndidAa shownén BIG-28ngt h.

T e L G S S

transriR6i0A Uinsd, FUG/ SR sHvass 4 tnstipn lirvdgestute WecatigBed éﬁtlmée multi-
the second slot 732 is fornmed % the intersection

channeh@amsmiésicrlshanhstrmwwﬁwnsiu Gc? Flbait witheh @ﬁ@éﬁlon of slots

e, /42 1S b i nt grsectlLon o
form T 0E v Sk BT ¥ PRl Dl TR bl Shobl T RS0
t g FiG! 30, tisd ﬁ&tst znr RPSiiuSiSéAAnél itfABsn{Sion dnk ehbsthAg mcmdormed as
slot 732 is forned, the second slot transm ssion |i

set fovth@bo*se lfndhﬁrré@scnptlm of tha gnudti- cbm} W@mlsqm a0 Sh@wn in FIG. 29.

oS540 5T B S PSR e AR . conduciv

smpsaml 8095y ahﬁeént %@t}fé@w@% ForePA t'ﬁﬂapélétt BarBmREANthes iR¥htified as "L,."
transmssion line forned by a single conductive strip,

The cohdwntiyh stmlps@ﬁStahé 760 adjactRta Sotcli foine nebgondishd tansigission line

identifed af o 1y ST epoesh AR EOn 516 HRipters J0Uduthich s
compiséd oftfe t\W”s ?trﬁltfb‘?néstl? é[ée ] c]L’mls' dlsofoffned® }PARIQ\ﬂo@se%Z and 764

a structure aV|ng nmu ¥ransm ssion |ines
in its Ed\ﬁ?tr o3 Bostrawarfacd 7 smmmmz amb7(81t dadl haveea @@ﬂh that extends "up"
nprised of three multi channel  transm

into the,uhstraied§ Ao BUSRwR a frtp tehigkpesl of t?‘ﬁ p aﬁér diclectric substrate
702-1?dﬂketsé Ql%W%I‘" s§+t9 Y82 b0 VB He ﬂ%ﬁ%{}&%\!&%ﬂ%ﬂ &raﬁ%g.ﬁm?{l] lle' %ructure 700-

ransm ssion I ne Sstructures

1 ext&fd intd e kibisiateOT02t DBy a Hlstdnte tdANAS shéw NN iS $és0 thahithedifference
substrate 700-1 is formed as set forth above in the

betwetadhe thickingss '0F" anddhavdenth “Rhefithe slots tisawd ISP dprmadria throepper

surfa%eggtﬁsnp t?ﬁi%: Z@el Eha? | ?rstyﬁg(\)zsfe% Efsj ts7a5rg oa ¢ reaI (giei%egl terri]:ﬁ separates
the "wﬂaﬁu@ﬂt}y&uﬁeﬁ ko 750%na g2 Zﬁ@t}@d'baﬁ&ﬁ‘! of Beldwersd @t 735hhd 764,
forma "first slot transmssion line" identified as "L

The deptihsl, toftliadawerslals 76end7B8 isdecrraoughijcedentthe surfices of conductive

e TR IR
middfe Jr%@&dffd%uﬁ&paté 782-2Whil ﬁjani v%hl‘éﬁ’ ﬁ'@.ééo?ﬁ%r ﬁ(ld&l@ %milti‘fé:h&hfél transmission
transm ssion |lines L1 and is also formed to have

line M0 s fodedand 764 in its Iovver or bottom surface 766.

" 05 S tgarel 208 o e i, OBl indaigoh foyti-channel

transﬁ/azkglo%rﬂn%lé%élﬁreﬁw 2 hg‘setw%l ﬁﬂﬁﬁarﬁhﬁésﬁﬁf lides f&’tﬁéﬁtﬂcﬁﬁ ¢he conductive

hese "lower™ slofs 762 and 764 in the 't
stripsnbttabuttha stodd formad grbsgh the sibstretesti0Rse t Amd 1iko (ﬁhe ﬂrst multi-channel

st inedrcings TQ@5h thgiondhBic SO0 b aeas foiave Sots 794
and 7?@ éﬁ bor ms oIbo?ﬂ'H sﬁﬁ?cedf?@t e gotsg‘ZQétt;{ﬁb 7@'6%%6 %ggpt?r(‘ld that also

per surrtace strate
exterid @hlydfattavayting the \ﬂﬁékr&lssﬁl‘&bf el dRtkctrit @ibeigite i702-2.

mat eri al separates
Finally, a third multi-channel transmission line structure 700-3, also has two, slot
transmission lines formed from the conductive strips that abut the slots 802 and 804 formed

through the substrate 702-3. Unlike the first and second multi-channel transmission line
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the "bottont of the upper slots 750 and 762 and the
"bottom' of the |ower slots 762 and 764. The depth "

wa205f064132 | ower slots 762 and 764 is deep enoBQIV/US2004/043548
cl ear the surfaces of conductive strips 780, 782, 784

sraciis T ant 1 ofP R TR oo 00 b rigtu 1 lower o

botto?m@gur?ac@@@ fromwhich a second or mddle nulti-channel
transm ssion line 700-2 is fornmed. Like the first
nultickn béssenéh FIG.2A0sthhisthe slotsl in tiee lotvetigirtices d&ch layehare formed so
ond nul ti-channel transmn ssi oq line structure 700-2

that {hg JOW e Uriape,glow ARe F do by b aFaclow g @pwsém%correspondmg

t I
oo A S e R P T Ut s
For dxraﬁipiﬁﬂ}&ﬂbwer-éurﬁﬁe slot 162 mrtﬁloméhdlopﬁobﬁe Gz B&fﬁﬂé@bt 750 but above

structure 700-2 is fornmed to have slots 794 and 796 in
the Slqt 499.0 ke lwr Berfacs el 794 ielorngnd aprosise iesimpeusufege 595790 but

abov{é @e/e ﬁlﬁt ﬂ)%ptﬂawgﬁsﬁl?ﬂ% sﬁ)lt % 2 f‘s)%e?cgg 5?&) ggﬁ/osﬁgr ﬁ%e%x %&ts?ot 752 and

ness anar rc supstra

abové e dot TRN&hicH is & the ﬂefy@r 700-21 TEOABREbrrhéRIMIAL BoSveP Burface of each
line structure 700-3, also has two, slot transm ssSion

layer (il ﬁeﬁlef"brwmmffmmlqtﬁa apovsientially peraliehto thpgendustive suifaces (and

ots 80 d..t hrough t he .su rate 702-3.
stots g Fpies Sac®l B 5%k pA B e IR A RPREY Bl 2 o
| i meeh tkkChIHoBS of7é4Oh Sulshdte1er %5 cdahtd, pldtaddthr Sfhwise covered with an
structure 700-3 does not have slots 1n its |ower or
electijeallyorondugtivg d@’eacwch ] por@(hﬁtlmelas@rmcmeﬁr@ff@@vc: Rlgetrothagnetic
. |lots, in.the urf ces f each r.are for.ne )
signd] sRERLET i g iRt BE S BoREr VG 8 knd R gy exists. 1
FIG.Bel &ﬂd@&@v&ﬁﬁ@ﬁéﬂc@v& | the S dr@aFRGRd bR ﬂmelﬁ?ﬂ&%nﬁlldffé@?seidenuﬁed by
slots 750; 752; 790; 792 but al so above slots fornmed
referencequyeral &1 és By@p@qmg thi entire ﬂzuwe@)aﬁm;ﬂs of thepdanar dielectric substrates,

inciug e 10116 B 8% e, P PR PR R | Bl gpupling that
matePidl 5@@&h§é}@¥ to@%&fér@n&%o@éﬁtﬁln\%lﬁg@ QbR daARAUIERE various slot

surface sl'ot 790 but above the sSl'ot” 802. Lower surface
transgligsion/ip®esiage diéictivelnbiclsiep doint ench pfer as@ﬁbmt@hdtelaﬁ@magnetic

. nd above the slot 792 i ch t he er. 700
interifencly B SprlirRatiedtneny Bhamdugieleictsp! L1 lyessurtaces of each
Jayerldre Soupldd 8 ze}ooows WHicha¢RsSkvwn ds 'Y Gl Bé&:ﬁﬁ?ﬂ' al l'y
par al | eI to the conductive surfaces (and siots in
uppke cadnétacesriafes| cmyibe botbm entower arfdoowd eacﬂljaﬁaaecoupled to the
slofs

othef i FlnfieoE B o SLERV 5t RO AL EM1E) FRURENGRE R 4 700-1, 700-2

~ and R08GhA 'eﬁ,@{rlcx%lfe&ﬁé@c'{ﬁe nh@é&ﬁfe’su%%rﬁhg ggg?iﬁtog Hdlaléi"r For

econes an effective el ectromagnetic signa
purpbddee of tlgimakenstractiore d "on" ih@nsidadd td be snyopmssagetviay khroingh a layer. An

cxaniigs Bh Hio R ENPRg PRBON G Rl hole egcl%%ﬂ?lﬁéét'cﬁ%fmef aapletely
throdégzagﬁ R QMOJI&BQE ?&réﬂ"t?ﬁatr Eos pf]eémacgﬁy-conductlve

ng the entire 1 ower surfaces o
pathetietheaighi acdile@ifit satistate bynehiollh Bebuint ¢ayet 64 né surfdee electrically

| ower surfaces, with a conductive material 811 and
compyRisHiehyith Bagther ground layer on another surface.
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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material on each |layer to a reference potenti al
vol tage, signals carried on the various sl ot
wonres®ei3si on | ines are effectively shiel ded fPoOmUS2D/043548
other and fromexternal electromagnetic interference.
In a preferred enbodi nent, the conductive |ayers 811

lines g desseibpdelaves dibe b@%@m&o%ﬁé}w Jiepaie 4p kis@alngpsioatgd pgth conductive
matehFl O 1URMYS plelleflly L8 A ALBUNG: 1 RAUEDD SR surfaces of

Ive S S on surrace

the oftfer @361 byay &/ ofithe sforphationed tdiduaiipfiaseush surfaces by

way of conductive "vias" 808 that extend throu

h
| aljagh ofte qondpetivestiprd/ SAOB30,48, Ei0ed80.i783) T84, 8%%&9&805 807 and

500 S RN RO ORL BT AR B v mace o cch

of thé e&ﬁu@ﬁv@ﬂnpp BRIFThLBOATRYEY 81 NaRYGRAd Y Mo plAMb of FIG. 31 so
exanple of a "via" or passageway woul d i nclude a hole

that mnncﬁmmnbehmdeéqtlﬁr&i@unddﬁyﬂr&b] §s well.ough a | ayer. A

"C t.ive.via'. should be.considered to n .
of BRE P G porBin ey o0 DR Ry RS Sbugs pE3 having
seveﬁy%wg%ife RYINE S90- B DOOUA IOBYE sta@RePidBetRLY, Eélﬂi%f which conforms
el ectrically comuni’cates with another ground | ayer on
to thatramﬂnassmuhlﬁeastmchﬁes(zlepmedsimﬁlﬁsaw emdi3Q.i BWFI6E 32however, each

oo R B B B A e b
conn'eﬁ YS tof B8 d@ﬂe&fﬁ%oﬁ@ﬁétﬁ@l&feré’ﬁ}b Gﬁboﬁ'ﬁé as J[e%ﬁlaﬁ%ﬁi o%]tﬁe planar

at cover conductive strips 754, 6, 758 and 760
termtriaﬁbnémﬂ@ﬁd:onduct ors of transm SSi onI i nes as descri bed

Th%% i %@’%fﬁlg%lg ?I}oZlMegét ity 3301 e?engelz numeral 900-1 has
uppe‘f" h&ft We? Qése A %é&oﬁ@ Fab b(\ﬁﬁe Fs%@éha&%éh}%%d

ott n1su aces o e ot her Iayers
electﬁﬁ&ibelmpledmﬂlé fosndarciiide nwidate 18 ddentiBad hy cd‘fefehc&: numeral 900-2. A
conductive sirips 7 , (58, 760, 780, , 184, i
third gy g modals is st ?fhbfewgers@&eéwalqrﬂt%ot% g\% fhagreofj these waveguide
t
modﬁr/lr\lg%%ﬁlrpgfaéé alg%]cg Fﬁnt?ih e"%@‘ﬁ%ﬁ& : a}gg}g?{ﬁ \99&%@‘%‘3‘5 hxﬁﬂ?leg %chpoeonductlve
stripgasode’crib sdyabo se, 8lebtrivab cormxttennd to Whﬁ:htdﬂ@erpb@died af th& hﬁremenﬂoned
31 so that connection n be nade to t ground | ayer
termigigls 904 apdpqditipmally marked by fheiretsrece rlem@xaiwbw high they are identified
abongw ti-layer transmssion line structure 903 having
several wavegui de nodul es 900-1, 900-2 and 900- 3,
st B¢lie@mblgg tdieral 18eshthafcadihok stanfaasmision lihbeand extending the
transm ssion line structures depicted in FIGS, 29 and

variogg copdycty gstrip (andgearsd suefaeds) e coguinee Mgt prd, aeswavoguide
struc?lf ?(9 h%paf?teéi HEIG 35)1&16&3?%91{ % % \? @mﬁ]%u? B0 u\éfl? &ectrical terminals

connections eren

904 braftepianaf endeIUFALSR cBfvdn@dnillyalisled Blsiginl téiﬁurﬁils%tﬁﬁ circuit board, the

term nati on end 906. As shown in FIG 32, one

locam@@wpa@nmﬂwh@h inepelt ihe tereningls PR en teceavagiide srucgge- The slots

h d rf
assof A5a SThe RRtkat bR Th eBitLIARE o P RSP Einytemafipg offset
pattefUBr&fhick eoﬁﬂlﬁgfuefv@éen%rtﬁﬁuy 8 aEBR e WaGeguid ek §iEiRtcFeneith $b¥elds are not

ref erence nuneral 900-2
used.
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third wavegui de nodule is identified by reference
nunmeral 900-3. Al three of these wavegui de nodul es

woeonosioast3e i n a conmon plane 906. Each of the wavagode43548

nodul es have conductive strips as described above,
el ectrical connections to which are enbodied as the

CLARVIS enent i oned terminals 904 and additionally marked

1.

by th(it.r ferggce numeral s by which they are identified
a 981P§§m£§ AP RASORPIBr s that each have

sl ot tranaRd-Asd&trid subRgardMavidy b AFhAIuthE MM 18Wer surface and a
conductive strips (and ground surfaces) to a common,

plthivhnessAY, t he wavegui de structure 900 depicted in
FIG 32 lends itself tq.use wiih circuit board. The .. )
gt darsicadine it h e S n se Rl diclectric

el ect ri&ast

c ' y coupled to signal termnals on a circuit
b?gpg,%i&h%gh1 ocati on.and spaci ng of which nmatch the

t er m nad sc8fbslontrdnkmissind e foemet inubd usper siiffeee oif edid planar
associated wth the wavegui de structures ip each_ | ayer
meffelggirigisubsates said sepopd plok ramgsvies ipe being {sicrall spliced from and
r q ' |.cak j.acent wavegui des
B e R TRV

mul ti-channel transm ssion |line conprising: a planar

di el ectric substrate having_an, u&)per surface and a . . .

| obiesrmyliirghepeel dpasmissinn drp eEelam 1 gwherpigrthg it slot transmission line

tr RS g&bﬁ&‘sﬂgi E&SBQ{?%% ehrd Q&g%&%hséd%é ace of said

planar dielectric substrate;, and, a“second sl ot

t r ansm sslbolrhéddirdughBsupper bit€acepfesid plinmbpdieleofricsabslrate, said
pl anar dielectric substrate, said second sl ot

t rebotdveving fispt and secondionposing tees yppced apartfiau eachgrhery a first
bstanti al | llel - | 1SS
000 e Rk B St AT e

1, defn@iged first §16t ddge SdndShOintdrERASA LS SdidFedohd 6p1§tf$ﬁl§ fa€e with the upper
second slot transmi ssion |ine are each conprised of: a

s| sufatodefining hsesanhslohedggpied sloUhavinga &pts B d pl anar
dielectric, substrate, sai,d slot having,first an .

Second bpbEMl RS B litabrdur Rl Pone elithr SBfericsybstrate and
a ddidceht dafitf £V Qbi digesPAceW the intersection of said

first opposing face with the upper surface defining a
first sisscomtigmdueting stripeon theawppertuiriane of the planasdiclsoigic substrate

oppasing face w t e .upper surface defining a second
sl 3&&%8?”@1580%%&50%3%%9 a depth D; a first
conductive strip on the upper surface of the planar

dielectric substrate and adj acent said first sl ot
edbeg maltidghannel transmission line of claim 2, wherein the slot comprising the first slot

transmission line has a width W, and the slot comprising the second slot transmission

line has a width W, that is different than W,.

The multi-channel transmission line of claim 2, wherein the first conductive strips and

the second conductive strips are capable of carrying differential signals.

The multi-channel transmission line of claim 2, further including a slot in the lower
surface of said planar dielectric substrate, said slot in the lower surface having a depth

that is less than T-D, and being located opposite at least one of the slots formed through
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10.

a second conductive strip on the upper surface of the
pl anar dielectric substrate and adjacent said second

wehais/oedge. 3. The nul ti-channel transm ssion PCHaSefo4/043548

claim2, wherein the slot conprising the first sl ot

transm ssion line has a wwdth WL and the sl ot

c chpnpsir wurfadedos easbod the st andaassondsdotgransingrgiondines

width W2 that is different than WL.. 4. The

mul ti -channel transm ssion |ine of claim2, wherein

t fhd thiRiL B YahbMRsioh 1inB o f 8Afn Qhﬁnﬁl@p&eﬁld&@wﬁm d1¥8n the lower
strips are capable of carrying differential signals.

5 suifﬂaee anﬁﬁlatd pletvarinedécttic sulstratessahfitst slet of the llcan'amSQrface having a

er n slot in the |o surface of

el e e S ;g et oenie Hiestotchmprgng dusfrst sot
s% ofaMi ol depth that is less than T-D, and
bei ng T ocated opposite at |east one of the slots
formed 4 decondtivhia theolever sufdceof stid rdle:leuthc sxfbstrhile faid scond slot in
and second sl gt .transm ssion |ines

mfh? iR e heing Il fothe trstalasn E}edPWPrzsurﬁaa? #iAlso having a
f f
AT 107 e by ol B B 3 cbomprising e
| avsesndsdlsiftesmemidionithea depth | ess than T-D, and bei ng
| ocat ed opposite the slot conprising the first sl ot
transm ssion line; and, a second slot in the |ower
AR g S PP PR TSR e

| NconbigetlveWefer Stlistzagiall R 66V eding thdTdwen Sirtacd @pthe plers dieltaitic substrate
T-D, and being | ocated opposite |ocated prSI te the
0

sl and sgbstprtiatlyegvering the ot and sesond platsipitbesionisr surfase. 7.
The mul ti-channel transm ssion |line of claim6®,
further including an electrically conductive | ayer

s Utsd ki éHahiel GRYiSHisEion 16 of eMBh 7sWhérRiesadf elbdifcfllyoaductive layer
dielectric substrate and substantlall covering the

f iip stectivelly eowhel tolageterénge patentidhier diigrantieksiggls ornsaid first and

mul t SE transnm ssion line of claim?7, wherein

saﬁeaoriéf @&%W@HSV Bi%uctive layer is electrically

coupled to a reference potential for differentia

signals on said first and second slot transm ssion

| i iesmuli-chpheelfransinissioa hine lof clato Spivheretmsaid re€eresfce pbteintial is zero
(ﬁ\gerel n said reference potential is zero volts. 10.

A nsmssion |ine structure conprised of: a first

mul ti-channel transm ssion line including a planar

dielectric substrate having an upper surface and a
| oAviransiuisfian dina stucurtetouipnieskofl; a first sl ot

tb(r;_\laﬂz n}% I on u# ﬁqngslat}aqns}cnllsrs%n Hc’r{ecﬁlcl% 1%2 Séml oA 81]?3160&“10 substrate

having an upper surface and a lower surface and a thickness T;

a first slot transmission line, said first slot transmission line being formed from a
slot through the upper surface of said planar dielectric substrate and having a width W,
and depth Dy;

a second slot transmission line, said second slot transmission line being formed
from a slot through said planar dielectric substrate and having a width W, and a depth
D,;

a first slot in the lower surface of said dielectric substrate, said first slot in the
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11.

12.

13.

sl ot through the upper surface of said planar
dielectric substrate and having a wwdth WL and depth

wORposmesBegond sl ot transm ssion |ine, said secequ/usbmi/ 043548

transm ssion line being formed froma slot through

said planar_ dielectric substrate and having a width W
arlawsr @efrcn hpping a depthdess shagt T-Dh, anddbainglecatsdibelawghefirst slot
Sfﬁ_d di el gatri,c d~3ubstrate, said first slot in thel ower
sulfFSEES Fﬁbm%’depth | ess than T-D1, and being

| ocat edh LRbAYKIbIR thé Tower Shiicelof 8418 RSO sdbsRfte, Alflsecdnd slot in
second slot in the |l ower surface of said dielectric

s ube taveer snrface htingproaltel & Ge first stdhén thevewersurfhecandpdsalgaving a

| el first. t i he, | f d
LGl o 1o Ba B il VBT B o
belMniQfAlIER: opposite the second slot transm ssion

line; an elecfrically conductive |ayer substantially
cover i regp dléndritadiyeonduntive tayenfubstaetigdlyacvxverinl tHedower strface of the

S B TS PR AN AE LR R the BBRSREPRd slots in the
b transm ssion |ine having a pl anar
gﬁgﬁtgﬁgﬁgagﬁgétrate, t he upper surface of which is
coupl edth fecotdhmultbuemnslurdamessioh Iswihdvinigagianar dielectric substrate, the
mul ti - channel %{?gnsm' %iell on line. 11. The transm ssion
| FesTtReE OF whish 1e pennigare thedouerpitasgiogsaid fisyt nyglgchannel
t ransSissRndhe | Ne and second slot transm ssion line
each include a slot forned through the upper surface
of said planar dielectric substrate, said slot having

first and secqond opposing_ faces spaged.agart fromeach _

ot Hesrtrapymissionrline SFYH?‘@F“\/‘égrﬁl%@ W) sibsrein snad fir slok Bansmypsion line and

of ' i ' ' f .
SRS BB 094 AGE ML ek RErRSBEor urtce ofsid
S 3ilghas divdevttiOnbesate gafdute having firkteand Bp&ndophb&aE faces spaced apart

defining a second s|ot edge, said slot having a depth

D; frem epehsethey; yf afishinteryendngyynace, dbg ingerengtiom ef saich Bpst opposing face

S . eni 'r I _ .

S ARG P APE AR} AP, Bl 900 o sid sosond

adjpposing fidsevigeheo ng?alsetfa@d@ﬁninga sedifl d16t2ddgE]isafd ét having a depth
line structure of claim 11, wherein the planar
dild ectric substrate of the first nulti-channel

of 't ne Chsbmerarer el AFrorE ha SuEk i g o Bt to
| nEoptd@dan end that is orthogonal to the upper and

a second differential strip on the upper surface adjacent the second slot edge.

The transmission line structure of claim 11, wherein the planar dielectric substrate of the
first multi-channel 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.

The transmission line structure of claim 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 transmission line and said first and second
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| ower surfaces. 13. The transnmission |line structure of
claim 12, wherein said first and second differenti al

wengsak4Bbri ps of said first and second sl ot  PCT/US2004/043548

14.

transm ssion |lines and the electrically conductive
layer of said first multi-channel transmssion |ine
andiffseentialf sigred stsipel o€ sedd fiekd iand sscend slat transyristiorstindspad die

sai.d first and second slot tramnsm ssjon ]ines. and the

o1 s ao e RA BT oo yisp B R el toni 8ion ¥ are cach
Mubibbir GBI YoGblcH hAR SHir bﬁ&ln% kdMhinaR bR t s O BfelHrbiGAls¥cond multi-
coupled to a corresponding term nal on the ends of the

f i emhnelidnsessiod limes.t i channel transmi ssion |ines. 14.

A stacked transmission line structure conprised of: a

first wavegui de nodul e havi ng upper and | ower planar
SUATspeRed fiflnssidd e RIRARE chfldall on end, said

first wavegul de nodul e conpris of first and second

sl ot t rafistivaseguidd moéde having dpper ah dovgapdanapbafeaes and a first
surface of the first_ wavegui de nodul e, said first and

s eRlBpa temERation£adniadk Hish vy prdddaaod vl cemprizade firgjand second slot
PP FRRHEL il ond G50 DG LSl HE Pl BAM podut, sid

upfist armivdcomalwiot tpinstddsichilidea badng differergat sipahl Rbaddtors that

term pation end, said second wavegui de nodul e

c oi¢pRinatedn said firstalangp terainabiag e8e0ds r ansni ssi on | i nes

formed | :

e bEAEHORER 800 UL BB P SR rics anda scond

weplegititeleninmidul edd, sitd skcbhd $hvepniiesaedilé cahpiised of first and second slot
transm ssion |lines of the second wavegui de nodul e

halyansgpiesiqoslaes formed 18 thaper plaaucudpes efifhe secendrivauggyide module

in ' e I ] ' ngd.. i LI n .

N A TR L TN ST ——
lines of the second waveguide module having differential signal conductors that
terminate in said second planar termination end, said first and second planar termination

ends being co-planar.
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