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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 line
through the entire delivery path of the system, including through the circuit board(s), the mating
interface and the source and load of the system. Itis difficult to achieve the desired uniformity

within the system when the transmission system is constructed from individual pins. Discrete
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transmission structures have progressed from uniform-structured pin arrangements to
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elements to form a unitary mechanical structure that provides a complete electronic transmission
channel that is similar in one sense to a fiber optic system. The focus of the invention is on

providing a complete, copper-based electronic transmission channel rather than utilizing either
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el enments to forma unitary nechanical structure that
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The focus of the invention is on providing a conplete,
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transmission, i.e., signal in (“+”) and signal out (“-”), the pair of conductive elements being
disposed on the exterior of the dielectric body so as to permit the establishment of capacitance
per unit length, inductance per unit length, impedance, attenuation and propagation delay per

unit length, and establishing these pre-determined performance parameters within the channels
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yeb %p jprincipal aspect of the invention, the exterior of the transmission line may
be covered by a protective outer jacket, or sleeve. The conductive surfaces may be disposed on

the dielectric body in a balanced arrangement with equal widths, or an unbalanced arrangement
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arrangement of grouped channel conductors al ong and

t hroughout the bends of the dielectric body. In yet
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e power carrying aspect of the invention may be further supplemented by the forming

of high density contact sets within the system. In a grooved transmission line the opposing

sidewalls of the grooves may be plated with a conductive material to form continuous contacts
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i ncreases the current carrying capability of the
transm ssion line. A high capacitancemay then be
wee@aned2@acr oss the dielectric between two si gpel/US2004/043881
conductors to reduce the source inpedance of the
system The power carrying aspect of the invention may
that extiéndf tHe 1dnpth GLRe tren@Mikaen e AitEof kit PSlay shgrﬁﬁ (Hensitang «)

contact sets within the system In a grooved
may be¢ eafshplose éhf:sca Pﬂ@a@theAdﬂ’ﬂﬂ)éﬁSﬁ@bbﬁ rdaybg inoldefl, sukle as by way of insert

B8 RS L B SEBLSEY R i g st

groovdsfta ﬁkﬁéﬁlﬁ@hﬁhsbl‘a&qh@ BApRBPeSHth& paRh, arhitly will 38l t 4d infreased
"+" and "-") may be carried along these contacts. A

voltagg Bﬁagdﬁﬁsérﬂ@n@rmycmngmw@ﬁo beueshd asadhyevmyslmﬂarl ager t
i.nto the qgrooves,. either i i vi.dual | or as
AL Sy S oG e R g D P and thus may
be easil{ aﬂﬁ&HQn@rL@pérﬁ@ sidrfal ERRnORRRS Fgw&oaﬁ%?éls pﬂ'ler ﬁgla‘f"el'uﬁﬂels may be

wi Il result ITn an Tncreased voltage standoff
made withtondnetive staips ngpathgloféa pre-sekectedovdthy whdhb illevpwaer channels, in order
n lines of t i nyention

to carr;ss,%gl{ar ot s[)nlal@iﬁr E‘nglt aql e%WHieb SRS O ARy eqlﬁrlggg ,pgptnwgus conductor strip.
The wRRSbthis Ql‘eVén%Eed Pa@ FERA Bifp bl RMheSHARNSYS: AIhaROURlgh

channel s. The signal channe may
capacitaone UEhd signad and pewer clpatdis mal ba sppazatsébye wadk, mnh:hmwctwe area of

N T
fome@ﬁ'ﬁtﬁ{ggtﬁg fornfing bp’cﬁ%l’!ﬁd&%ﬁ@ge&rctrﬁ; l;dsQ the- ES cﬁ'nltrﬁb}pﬁe readily

are enlarged plate areds as conpared to e SI
dcﬁne@nrnmmnnzubﬂmmnmmmenghnnmnﬂﬁmm@mnﬁmﬁﬁhﬁms|gnal and

wer chapnel.s may. be se ted by
R B0t ghctls JTaalires ARLAqyRieRt SLihb et devaation pilbbe clearly
undersBfdRRU a%ﬂnél Qhiddd Qf(}hé ?cmo% ﬂé’c?@esl:lgffnd sol ation

region ornmed during th ornlng
underlying dlelectrlc base, the I sol ation reglon maybe

] eadj |y detti ned to, mnimze cross-contam nati on or
M—éﬁé@@ﬂﬁ&ém&ﬂ%e. These and ot her obj ects,
fIﬁQﬁéJ&ﬁﬁ‘ %%ﬁﬂ%@ggsﬁzﬁ?ﬁoﬁ hite RIEGREM Wil G 'ugrﬁlyyidﬁlﬂe to the

be cl ear y under st 0o ough a consi derati i'on
attachddalrhwmgmgmi'hicht | ed description. Brief Description O

;iﬂ E)r s |I.n he .course of this detail ed

§c 15Ht § maflﬁ@ ey of the tepmpipating fapeel Aeanvgntigngkcangector;
t

1S 214 SccHethatlk Bt ISy of i B deard it id a b B SERETRD G
dﬁfﬁnécﬁ @oschefatic eRvatoral sichesfat high pped cuimsstodutiAnng d @ead or

oo card used in a high speed connector; FIG 3 is a
tple; schematic el evational view of a hlgh speed connect or

S50 P S B4 T ok LR ccortn
with thapciaripased thd frasenhvpntiorci pl es of the present

Iqu}eg 1-isl z? schematic end view of the grouped element channel link of FIG. 4 illustrating
the arcuate extents of the conductive elements and the spacing there between;

FIG. 6 is a perspective view of an alternate embodiment of a grouped element channel
link constructed in accordance with the principles of the present invention.

FIG. 7 is a schematic view of a transmission link of the present invention used to connect

a source with a load having intermediate loads on the transmission link;

-



FIG 5 is a schematic end view of the grouped el enent

channel link of FIG 4 illustrating the arcuate
wezisnts2of the conductive el enments and the spRCT/H§2004/043881

there between; FIG 6 is a perspective view of an

al ternate enbodi nent of a grouped el ement channel 1ink

CIIGE 181k @ s eltnidtica56P b 2 06 hedol Blehidat BHiliZied BB %oxwenh&%al contacts
present invention. FIG 7 is a schematic view of

“A” andrthﬁ sengisgion links BT of the llpreesethlﬂmIém‘gecbdﬁtmi;pmlbms at “A” and
wp» t .a.soyrce with a load havjng internmedi ate | oads
B thefop Ay ALRE el pieste  indigtange 1nstgar9§e?féwa€¥s&er%ew of
FIERONE 6 Hefsp 8RR Mw BE heh hifdrfifle BOHSBuEQRH. rﬂﬂ?ﬂ
~ contact B bRHRpECR TS OF bl iferil POty O SIRAATH e fnvention with o
rlghtangivbnndﬁmnednﬂndwelanl ar ged det ai | port| ons at "A" and
"B ereof, illustr t he .occurrence of  inductance
'lﬁGf ﬁ@ 1% p8chematig é(leé*y%f ismisgigrd neyuiilizing fg\e ligkwedk thg present
inventi$hew of an alternate construction of a link of the
invention with a right angle bend fornmed therein; FIG
HIG. 41as splrspative vieweillustratingt altenmrd media I‘aoﬂnpmitlons of the links of the
utilizing the links of the present invention; FIG 11
inventio; 5 per spective view illustrating alternate nedia

90098k 4 ?&?}p&tlvé DRw 6%&&{}/ otfta?f éﬁ‘t?)ﬁgeﬂr g% dl%L gtrlc]b%d]le%

a perspec view of an array o apes’ o
illustra’d'ng labemptecohdualitive sittheesdrrangementsy| t er nate conducti ve

}# ?ge arrangenents; FI G 13 is a perspective view of
452 BYTSRIGHYE VIeR1pTaan atrayof neereirPelar gipestssetion dielectric bodies

matmaﬁ?,ﬁ(\?/@elﬁs?figﬂﬁﬁﬁ%}k Q)Ztﬁésﬁgeﬁtﬂ) formlinks of the

I's a perspective view of another

FGay4 @f a paspective wvear oftanotier ae8y 6 RTdnddiRuRE tFos&-sdrtidh @fclectric
suitable for yse as links of the invention, FIG 15 is
bodies gyitable,fos gagias ks Ahenysmitst or assenbly incor por ati ng

?‘gﬁg H’) \ﬁlsloe{ X )%kadrgg ﬁ/ﬁsen\% ég%fogr[qeua? a SQ%EWQ; %ﬁﬁ% u?tggg element

link of #ieGnvédlidnsthat ip esezine provde ¥ transneiksian HHOBEGEe! t\?ﬁﬁ@(ﬁlﬁ’@étb!rs
E@Vln two connector housings interconnected by the
#Qné iSPS PPtk VisH ¢fjasonneptorgsgzmbly hawing two connector housings

lntercor%&%m%‘énéﬁhﬁ%ﬁﬁlpg ?ﬁ@slrg ssi on channel of the

esent” 1nvention w nterconnecti ng bl ocks

F@Gma’ﬁ isad diagposidtie eew of o trahdirisgbaoheinebstdhe resent invention with
| ustrati ng the paotential flexible nature o
two mtfm%?ﬁcrlaa lockgformgdiag oppaste sprscafithechanael ad ﬂamramgat,he potential

onfigured dielectric bodies that maybe
ﬂex1b1e81féaerg11 < Sf?llﬁl fﬂkzkﬁftloﬁm : :

the with different |ens
Ehar s iser peddpective view of an array of differently configured dielectric bodies that

may be used as links of the with different lens characteristics;

FIG. 19 is a perspective view of a multiple transmission link extrusion with different
signal channels formed thereon;

FIG. 20 is a perspective view of a multiple transmission link extrusion used in the
invention;

FIG. 21 is a perspective view of a mating interface used with a discrete transmission link
of the invention, in which mating interface takes the form of a hollow endcap;

FIG. 22 is a rear perspective view of the endcap of FIG. 21, illustrating the center

opening thereof that receives an end portion of the transmission link therein;
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FIG 19 is a perspective view of a nultiple
transm ssion link extrusion with different signal

wae b@sned438 f orned thereon; FIG 20 is a perspecPCT/ES200€043881
of a nultiple transm ssion |ink extrusion used in the
invention; FIG 21 is a perspective view of a mating
| FIR RS e fkened pbishbetidre Ve bEE ehd APOTFES] 2N ilhisBktiff the orientation
the invention, in which mating interface takes the

of the gxferipigondadt®sl | ow endcap; FIG 22 is a rear perspective
(VA f. the endcap of .FI.G, 21,.illustratjng,the center
ShH 28 ds b R CRE ER athyRiE e iston ik s Rfhid, S Bommector

assemblyansm ssion link therein;FIG 23 is a frontal

per spective view of the endcap of FIG 21,

| Flugoriae ipagpediveondveof ant altamaié conseruetianesfi ame of thit taxrhisiation ends
£th Fl G t24 IS %lpl an view of a nultiple transm ssion |ink
O the Lo oL AYTE ™ ¢ ur ved connector assenbly; FIG 25 is a

PEIGE REGE b Yershb@We YfievPDf 2LdRIBRE SuitBRSiof HEd h QB cfctiﬁg Bransmission
of the termnation ends of the connector asse Y;
channgt[ligks abthepresepeinsgreinni to @ ciiceit/bofirda connect or sui t abl e

f in npnecting. .transm ssi on chann |inks of . .
Rl 78 A RARGE R PRHYS e ot Bopesoar 6 e &b Byskafigg,in
phantodn, SkBleCfdhe ﬁ%rﬁﬂ%%hfa&tﬁ ot it Rhedthe connector of FIG

26 illustrating, in phantom some’of the internal
cldkt. 2¢Bss afpetshectvenvime b Hihe ifteffor &hBict sssempBrpRetdnector of FIG.
vi.ew of the interior ntact assenbly of the connector
27A, fh tgpgdew ’sr%lce\f?dtaﬁg? qsg@aBgF spgﬁtyx{pe@ldéﬂ%pement of the coupling
staple fHetdépt rating the structure and placenment of the
coupling staple thereon; FIG 28 is a cross-sectional
viflEi28fis 8 hss-eemieatlonew bof BleGondéctort dl8G. 26, asignl aldigdines 28-28
h 28-28 thereof; FIG 29 is a perspective view of a
thereok; - ansmi ssion line for high frequency signal's and
Y. 9 i bERPSHIE Heiof ' ' i
Vi ew of1 ?her%?r algs %eg‘g?%ga [ negs‘s? nol\lliﬁl‘neqiboﬁ ﬁl%& eﬁgg;léy%?%als and having
a transRORiisg Bmpeeladceyi ew of the transm ssion |ine shown in
5_#50 g A FI G, 321§ﬁ¢lﬁs a togp.view of an alternate
dP et te viewpidhs wasarssiomlingshormgn FldndSor ni ng
I FTBe 9684 d Vi2¥i Han SR s s PRed &
segnment s§a€% %YJIB [ séan t}a[ﬁsdﬁﬁ(\glr?@v% %hp%ﬁg%gﬁg@h ssion
|lGe 38 Adswa topviEw@f a8 laRerbteEmiBdimbaws tdhdohissientine having

enbodi rrths %f ilhe sidewal I s used in the transm ssion
transfoymyfyg 1mpedance but having smooth transitions between segments;

FIG. 31B is an end view of the transmission line shown in FIG. 31A;

FIG. 32 shows different embodiments of the sidewalls used in the transmission line
shown in FIG. 29;

FIG. 33A shows an alternate embodiment of the bottom used in the transmission line
shown in FIG. 29;

FIG. 33B shows an alternate embodiment of the bottom used in the transmission line
shown in FIG. 29;

FIG. 34 shows a cross-sectional view of a slot filled with a non-air dielectric;

FIG. 35 shows a perspective view of a sealed channel circuit board arrangement.; and,

FIG. 36 is an end view of the structure illustrated in FIG. 35.



shown in FIG 29; FIG 33A shows an alternate
enbodi nent of the bottomused in the transnmi ssion |ine

wa bhaded4e8 FI G 29; FI G 33B shows an al t er nat ePCT/US2004/043881
enbodi nent of the bottomused in the transm ssion |ine
shown in FIG 29; FIG 34 shows a cross-sectional view

Detailed Des&liption Of 81k Miekdirad Bbdlimefis€! ectric; FIG 35
shows a perspective view of a sealed channel circuit

bBEY. ¢ Hpsteesenmonped elaaentrbanned dink SO0znngnted inacaiddnke with the

princi Gt Bl BB oG Bk e R e Blonies
dielec@icHoa9d 1 hRIRAYly & R cal fikkneal tﬁéf nedifiet & 1 feﬁgth of fiber optic
accordance with the principles of the present

materiph \Jédtffe@mthetetﬁ‘ouam that thebink S0 attstake pré- ndxglﬁﬁremwhtﬁ:@ﬂsdeemld a

i PRSP EIA s BBEH. ForeBi) Db gt
havm%K 4 Qﬁ’élﬂlﬂhbl%ctﬁ%tcgﬁétﬁ{t anll b plirhfi§ oF hRGIEHE @ eﬂts?@aatppﬁ&?thereto

50 acts as a pre-engi neered wave gw
In FIG@eéI méﬁediletcpmmws sleorentsed axe illustrated sis eke;ggattdd exthets edys or strips,

6 o1 B oy e L B ARk e
havm%@ﬂ'&i—iﬁfe' F&ss bt that Iﬁ%&ﬁ@ﬂioﬂ(ﬁq Jrg)ﬁfeﬁr%e a{t{ﬂch%g C%gh s ngheswe or

he conductive el enents 52 ar ustrate .
other méans datledlierttenbedy bf theémkcm dthey psay abd baf foanetiore thie eRterior

surtacdT8 SRSy 3 SUEL b TS e on SRBSL e
condu{RSEREESH LB P hS L G g BRI AR oy tends long e
penmaﬂe:reiifebet dmbcdegf the link 50. They may al so be ]
on the exterior surface 55 of the body 51 suc
%téwg &P‘iflh‘m“éuﬁtpégt arR gsesron each Eﬂﬁ*d‘é@@é‘u x ?féhlsfﬁ e sigaal
%% SO NATLIAC R R1S RRRAS it MRl Sk
differeptali sigtabarrafgetrieat phratie ok té Chebmﬂmze%rubtﬁa&tofﬂﬂ@ 1rﬁ)léﬁﬂibn as pre-
duct or?l are used on each i aillyl cally are used

. C
engmeﬁl&ﬁ wgvgasfesthatl g nitaped BY?ffsélP@ﬁlﬁtF the eptixe tength efitheigignal
deliveryPamh. VRid sedthe dle %cﬁ%lbtoﬁ 53;@?(%\}{&(% ]?I%He%d%ouphng to occur within

i'fferential si gna ar ranﬁ
the lin]chhrthe semnples eatbodinhent g5 1b1ﬁsttak’H<BmIE1Geﬂ,tth@ Bor@ldictive elements are
eengi neer ed ve ui des that are_ nmintained over
dlsposgi| V‘g(h

?1?%98}%2 fosfs, bt @e elestsical effinitnet sachiod lthwndv@wy elements
V e
is for egéﬁe ?thela_ E&go alei&tﬁ})cd%o%ﬂg%:b%ﬁ V\g}h?ﬁ@%}l] gt]el sﬁhﬁ e‘iji ?]hlnq{le case of a
condudgiveghastel emwdﬁbenaqﬂama&ﬂ dreatst deadibtd followlaad a51111ish@ted in FIGS. 29-

30, theCRBARvE STanbEaR® AR 4Pk Bl T YRR ey o ROB T pavitgavitis t
i e

estabh%{)t'ﬁg gglﬁa?fg c@dgglgl}g u%&oirﬁ: JSQ F]he %Q/Hy gﬁg fid {hpgu%?{%g aglh(ﬁelectnc In this

mannet, hiee lidsfdlie presan druehtlmemme I&ehsw&e&\hé ﬂhe b&cﬁ%@l ajuli\\eﬂjent toa

reater detail to follow and as illustrated in
fiber oﬁpcémamz _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
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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30, the conductive elenents are di sposed on two or
nore interior faces of the cavity/cavities to
w@3gaoalobd4s$h t he primary coupling node across theCT/ES1004043881
gap and through an air dielectri ¢ hi this manner, the
i nks of the present invention maybe considered as the

particle n@S/ihg G4 s@eited dir€dtion! @pRningh &1 tHRRfutes cSﬁﬁ%@ﬂ:ﬁédcﬁ’ﬂg will result in a
0

) extent. The present invention is directed
dispersal od ¢he liehi travgling thrdegh thevervagnideuildels adverseheafifacesbatight beam of
th invgnti n_are intend%p to na%ntain %h%%trical si%nalﬁ
e wavgeuides IVISEO W B(FeY &/ e8H198T RSP &) VoRY Pigh Trsaugieigy tg irect the energy of
the mick6WAEBEANE Fath&AMRRAMKMIL it s SREMPRAAT by €35 Patl Ricd 6 $14,677, issued
and preferably higher. Qptical wavegui des, as ,
Sep. 5, @8eXm whirhi amigr@varawaveguideds 8%, td directi the méctowpves aPthe center

i R PSR R B g 50 i, e
instancEBh&E Ak Pe bQatdotiHel afd sl &5 fIHRY bt dirdbt ﬁle/'ségn:egg?é)i?%e light of

_ direction. Openings in the outer coating ng I
microwazs whveling thradigh tlaers avharbastinghd prghdnt imvaugon, e érntirowgbeguide

h i de, whi.ch Ly aff the Iight beal
structu i e GO AR R FISKERS! TAV gL OS] SeGuetsBaeaA g Mmpedance

capacit¥fRe ¥n8lifdhddeguenci es to direct the energy of the
m crowave beam rather than transmt it as exenplified

A¥e effSctiRaess Mdhe Bnkslef, the presergdureahtiSe pre depe@iPupan the guiding

whi ch a pi.crowave vegui de i s use o di.rect the .
and maffitnARGR oEQEkel T I DR tgﬁ ehamoRl 97k, 1t Wbl tp prmare conductive
st SELRILE RS, Pl LB NGO B0,
controllingethie temibensandndindinizieg losh threwgdr by liak. The changbitlind® of the present
. .mcrowave traveling through them whereas in the
mvention et the, FleriromBREnctin E‘egjﬁtqf e sieRAlgtinnsnited Geretlranghsby
control Gt &RAteall & (B ALNIA R RE %édrﬁ@tliessbigtﬂ@ g)ﬁsgém g&ﬁb&rﬁeﬂts so that

frequency(1es) and 1 npedance, Capacltance a
preferrddrfctlid tamaling Wikbepbeited veined s stafed} the pkdsaltsinedntibh ereates an

. _present invention are dependent upon the guiding and

engineciy (FnsHRisRien Bpe By getining airegian of elactocyraitmyy. épateehiclectric body

I lohligd e i f of .
st B8 BTG, LS RO LY RS el s

and posithe diffeemtinl gigdls.t he signal, controlling the em ssions
i mzing, |loss t ugh the |ink. The channel

As g‘kg’%‘fcé& PRitepiEEknt: %@mqoaﬂuwﬁtsatfﬁcep R are arranged on the
dielectrfd %ﬁgﬁ?ﬁggﬁﬁ&%ﬁoﬂ Eoe&ﬁj:ﬁ o‘f’ﬁer.t H?Lﬁ ﬂie@&%éb&fﬂgfﬁﬂoﬁﬁé‘?g FIG. 4 takes the

t her y controlling e materra
form ofahmtindticalirod, veliit thh digdedrnebsodyesho®in ihFREGSY Bh£dn oval-like
onents so_ that preferred field coupling will be

CO|] . .
COnﬁgu&ngi dBgachsiuchistanicss thg condhistiye surdanes phiyeqss Perexsandfordistinet arc

b . ; ey, L ine i e
a4 TS0 B TR B e e
circumfeteatiali extliapaicked ldngticOrd ied ¥dScondubtive SOMREMECII 1Y the same, and the

. surfaces 52, of opposing charge, i.e., negative and
circumfgrsatial; gxdenis pr @edenathy CL 0§ e non-oaadpgtiviesxtesios surfases 2F of the

: ' c i e surfaces, 52 arecarranged .
dicectichofiy 31, gie pFd Ut CORS g he B RusHds § R A BRI Separation
D betw&}r]lhl@ef cordirtitle elréakes.i As Willye &dpl SR BelbW, the BnkmdyHeenbalanced”

the
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 dielectric body and link are circular, the link may serve as a
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formof a cylindrical rod, while the dielectric body
shown in FIG 5 has an oval -li ke configuration. In
weawk/oeueh | nstance, the conductive surfaces oOPCT/USO$043881
52, extend for distinct arc | engths. Both FIGS. 4 and
5 are representative of a "balanced"” link of the
contacti piv &d @ Be WHEZ&] falenfddterbpbRERIdhE. AThR6BHlr c185s-chon demonstrates
l'ength C of the two conductive surfaces 52 is the
the sarrseéme ofernsirpetian ascassmeprianahfovad centpet on. arc | engt hs

terlo surfaces 5 of,. .
s e EL M R T Sl i TR bS mlied fagrovide no
only m@lﬁp}”eoélﬁidd@tﬁx@elélﬁeﬁﬁ b pat 8f he@YerafRRREALHABMRRAMERL) but may also
t he conductive surfaces. As will be explai ned bel ow,

incorpargfe aldoficiany ab‘é coaxig) dibanepitt ware gnidathersfwithire for the transmission of

i.ve ces hav an.arc i th t i S
tight ang ARSAEE s B GRa thd RirtR Gy S ot eisiteaypgntcal
opening S’ﬁﬂﬁ’ﬂhg’ﬂvﬂ{bﬂ dn6ptical RS 153 Tutcn@S Hi&trisdl RS SRAAR trfdmitted
non-di fferential "signal applications. In’instances

throughyshisrlénle srewell o4 Bghtrsignalsoy and |ink are circular, the

b TR, BRoRGRT BSimEb0f L 3P Pt ot e

present3RPERARDhH 1Bt Rt b&RTBn h¥B& L1 ﬁﬁ@%tl(;aldcﬁ Ofhetd éuctlv surfaces 52 of
conventional round contact pin. As illustrat ed in B G

the linkgservierfe ihfendomnedt thtrsoupecemeivad wgeilhbr, (aBI weetas b&lerrm:hoﬁdzeyl loads 73

iterm Lo 330 4Pl Pt b daRi iadk s it o sign o

control @ﬁé&ﬁéﬂﬁﬂé@@f@gﬁ the 9}%{&‘&' J2Cl ﬁxt%gdéh%@ﬁ %ltabfhklli)e%ra[t ﬂg:;étoﬁrce and

wave gui de therewthin for t ransm ssi on of
may beammdliGpd bjzaddlsgge@lndaryllnadsho sher tegamiksidnHénedi el ect ric

S cor reate.a central open
? ﬁ‘? o%aﬁl Me&ﬁc ¥de 5}@%@%@6@&?@@&%11@ fthe preggnt invention
r
o corf AR TRAREr R iy MM oL by Bt St 7o
Two d1$qrcms¢nnsrsmtmnal corelué®rs A ereformdd figmacopperior afothér ddnductive

t en t _extends between a source 71 and
materiabancSrjendt @rlre’é1 &5 hiﬁf@t Tvi® 86 FRRBEEO 1P, fsHewR finfilargement “A”,
the twovi%g% ?’é‘fe thndL%gcrﬁ'r ﬁég%gﬁ%r@@ﬁ g ]_I%Q’?tﬂ £ Pag 1?;3&% ce (L?ﬁecause of

as ot oads n errre

the enlasgndrcnmmn thopheuiatiffeSutiiy thetinkdaftie praes inrytibe hﬁ@iﬁﬂnaller

he systemto control the inpedance through the
md“"ta%‘iﬁs@érﬁt a gopsipR impedanes due fastheproammityed dhegondieliveduraess to cach
othr oIS, IRALLSRB0Y' Mhe SRRV RREL P4 B po oot

in the ntahefadhfrfrgrocss bed weemidhwill bake padfelrb®ppiesf inanufactunng with
i nventi on and conventional conductors, which are both

the congycfiye pEfness bﬁglge‘m%@ﬁ‘ﬂ sathithe dielpcincdeadyias sppaseirlypplictlef the
extrusm%' ﬁfaileés% EP&T%’(%IQ’E 'pﬂﬂl 9(?&959&0 R tschZ S%{tl% fC%;l W%gc dlforrl X0 the plated

per 0 anot ner con ctive ITH eri a

plastic ‘tdmret},u ghhd Ysluble@dkhe/diclettictody Fananeg ltheDsfpa@ih@ $>etw%'én ShiMtive
in enlargenent "A", the two di screte conductor
elememﬁ dispepgdt SYF08 ety llee?aISﬂEé ?‘PQIEII]@FI sueh theﬁmsmﬂgﬁocess The conductive

ent, }.0
surface§éj}gitté25t§? %gté’%‘g)ﬁ ftﬁg ?E#I%ﬁl ﬁ% th S1e1 B{l(ﬂb&&?ﬂé@grﬁz{ enﬁiv i %ﬁt?y 1?1efore the
ends thdteofata lscmiolnezrfhdrél ituc tevivee td termatatethe @amiRtioh MRS €M Ecmector,
due to the proximty of the conductive surfaces to
circuit hogrdor similar component,
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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ot her as positioned as the dielectric body 51. The

di mensi ons of these Iinks 50 can be controlled in the
worealewbsir i ng process and extrusion wll be tPET/US2004/043881

preferred process of manufacturing with the conductive

surfaces being extended with the dielectric body or

the conde@iaiifhoes 3REEM tBfoulgh eheBdndBD With t1UGtheR8pdNtidh spacing between
sel ective (gl ating process so that the resulting

them andhthe sarpe wish wish whighithe portuetivpbuices studrnéeyd. Thedielectric body

ol u f the.dielectric body 51 and the spacin X
st and Y NG TR 2 BF BN S N0 28 o 0P EBR apbseaBiation through
the ben@as Eliin@RHnk Gbdt&fia3 Wbesan extrusion process. The
conductive Surfaces preferably extend for the I ength
&G+ Kaillystesitesca triansnbissign tinelusing thenldhks| of diiet inyerishoTke Lifie50 is
..ends thereof.at | pcation where it is desired to .
considef gy BT TLOH pahls Frien B Pieoi o s el Gitc bodies 51, and one
end 82 6 ft G teimiBORA Go Arprittdl iR%it HOTROSE M hi jrect i
“TllUstrates, the dielectric RS his mitdion fhay begireot in order
to minifégeeay discorsinewityt & thecirdwit oardn Afshohéraf@er kitig84 that maintains any
. right-angle bend illustrated or jn any other_ angul ar
discontigu s RS TS HATCL HEUc DIy 84 SeRRtEdaS S uped aspect o the
transmiS%&S k. TRHE RS DGt ' SPUE B s O
ransmls paci ng bet vveer11 t he‘%%ggsd@ﬁl\gy%g }&{l?\lld t ?/f/létﬂgeal \E/\lﬂél ¢ hé}{nﬁ%ated to the
connectop with ahinineurs |gcbamay dtcantimdtytbramgpedarive dikicentéaiityi ¢n Bodyanner,
51 and.the conductive surfaces 52 are easjl L
the gr °‘fPé%?§Pﬁ gondigtivg Shifaces ippigtangl ewpthedengh of thedtagnmisgien line
1tinP &0 Hoth GeShitid e js | osses FIG 10
rest ln|EI I u%t %gt es a tra%gﬁnﬁgdg?gﬁs%l% using the links of the
Fiw.dntillostrateEhee variatk obdiffegent ornss-dettiods aptha ttanankios $inRNS0 of the
. .caglgﬁfo nmed fé&ﬁ1one or nnr; single dielectric bodies
nventiegy In the gieBfost ke, greentral canduetor R eacirclesl by pholiavedielectric
body 94CkhRH i t | LA | ' L
ody 9/EWENA 5REIPpBH: mlic AR SR AlEYP bk Sehrpa by an
interverngsmce, Areftiabily fitledsftarpottions oB4hd dialectiibotlfions ThRYconstruction is
. OP scontinuities at. a mninrumjs also provided. These
suitable fpyse 1 poyyey %Rla}q%ﬂ%“e%rs ppear kepedad tyrthe pentral conductor 93. In the
iddle HifIROP6F B, 91, b LISY {sQef '
e 9OFYL B, 13, WS 0L BLARACS: PR o s s
conductiviet sorfavasiomsnpgenedon jt. dippeectiveviiténinailativejecano8is preferably
iscontinuity. In this mapner, the groupi

4 g ) J gg of the
provided ihpratect ud Qiiplaiedhe innehlipl aT hetefioiast link @2 PERKH 1dms 2
: - b6 $i i [ ' 0 tric .and
ot Gyl AOSFOT SR | BBy PR e
conductofe atiifstibatieators bels Poetiins A0$ ofthel ivgy 1008418 Filas&d with bicBkEctive
.50 of the inventign. In the rightnost |link 90, a
material GodaresgeraigisduRY BRPLOiSd partion te detine thy b RompBFonductive surfaces
. . . 9 o ltiole
sied S S5l £ e LA Mok o SUBBRL A core oo
link 92 iRy be filed with spaas] mpy bé syaebd ¥why Fogtaninhér RembEBYSWAS of suitable
fIhe diiel ectric body 94. This construction is suitable
standoffp gf thgdi&kei n power appl i cations where power is carried
t : 1. ddl .nk 91 of. .
T e
the dielestricetmtdg$ 1 do ébam diff@estrigpd’ af tansdiseioh Vaks UL inkaa b9 two conductive

S rted. gn it. A protective outer insulative jacket
surfaces%gip &b&fg GreBt gre ler?gths (i.e., unbalanced) disposed on the OIJJter 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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provided to protect and or insulate the inner I|ink.
The leftnost link 92 of FIG 11 has a protective outer
W 20km6942® t hat encl oses a pl at eabl e pol ynmeri cP€T/n§2000043881

that encircles either a conductive or insulative core

101. Portions 101 of the ring 100 are plated with a

differeﬁm@@hli()&rﬂmrﬁri al and are separated b y unpl ated
portions to define the two or nore conductive surfaces
désk { Bhasrthreeecopdustivstsurfhessrlil Ado supptoet twax diffeteptial signabeonductors

e el ts surroundi he. co or of the |ink
1152 aidn BSTRT ERgnd bR b R B Buesodtlegie durtrosm 116
disposddUiFits ATBREEC BUAy\¥Yin WhisiteRBhAuckt8RE1deR 196 i} RithérkiBelude two
FIG 12 illustrates a n array of |inks 110-113"t hat
differeniin} signalethanoels éor paing) orassingleridififierentidl phirtwith alpat eCassoaiated
dbody 51 to formdifferent types of transm ssion |inks.
groun EI nk 110 has two conductive surfaces 52a, 52b of
GG €1 BRtrafes ah GRFY BBodd-tyBe of HARArANSEL s@Z@Q%Qﬁat?BIygonal
the outer surface of the dielectric body 51 so tha
configuraigorisj svich s Gquay configiratéors] asglvigh tinkl@ a0 s ggesangular configurations as

o O s L T S an b i 125
that are?é}lﬁt%& bt ¥@dikise E@%rk@bvitﬁ'c%ﬁ%cé@@ %a‘.’i‘éﬁﬂ.nlndwti%l Lub@se surfaces are

ree conductive surfaces to support
disposedi drf indiiduiah kidss ghthle dodewitic bodysantilfrafesatdy diffeassial digghl pairs of the
round conductor 115b. Link 113 has four_conductive
conducyf FiTcES A tanest oL Qoo T Sdeh o a Ro e Hhsaglagd ppstions 125 may be

used toMREPNint & RBAY StV t igﬁtg%ﬁcsﬂaégctg&Xn lthdikr I WhUBGtact between

two differential signa (or pairs) or a
the congéatgt termiinffsqnenthiosin) pad theiohtudivedhees AR5 ds emiliy affeded.

s. FIG 13 il[ust . ar. f one-type of
BIE1 Ef iateaies pori a0diona SieTeatas biey Garemey be uilied withthe present
inventil&ip. E(EhQH&ﬂI | 88'% shath I%F WnrAUFhile BRHhGYR QRS 13 ?,ISI r%’)\gsatry shown as

120 “or rectangular cohfigurations as W th _
being gtRdrallp@mcaheirdéiaifigotation. Bodimsar ziossmybitoreofttheidiettcitictodies has a

rojecting land portjons 125 that are plated or
tendendy{hiepigeniiatashe lediriapl fold sframach Al e amers ofithe pandugi v @rfaces,
. . i L odi v Loai
vt sSHORNE LN U A R TS0 U | Uy e
strengtls ey, rggalting inflowheattanatitet The convaladedicsras il&[s_ﬁﬁﬁ:@%? 2déelectric
bodies %%gg%ﬂ% g sti I(l;gr?eps\tggzil %&;@?@%ﬁﬁg&@%&tggg&gg itt Ifo%rllges the electrical
. i i ' . t.
el n .08 A GOPIRAL AR PRI A IS, BEL 5 i 14
less that thedvidthi oreart dagthslotFhd &sp@:ﬁivg lto<|ﬂ35f $ided ﬁ@go?n@thehﬁ.
i1 lustrates sone additional_ dielectric bodies that na
P%%%Wﬂpfz@& tanswissioa Ipkaaenbe fomped ap asinglyrxtweign 200 @Flsz. 15-16)
o : r ies. 131, .
o yREE SRENE K, L8880y AGRPRL Rk o

conductivndurfpue 202-203. Aheia @nbactiversasfiessA0R] 208 sk stpt@ated from each other

dielectrjc bodies has a tendency to concentrate the
by the igfepyepmgdipleptrg hody 2P% it supRoris Rbere.chsevall & wethportions 205 that

. i fac ' | 4 v, vex f
r SRR G4 GE Sy DLt SRSy LG B
assemblyi 20dwhere 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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strength evenly, resulting in |ower attenuation. The
concave bodies, as illustrated by dielectric bodies
wa3ws/0d82%may have beneficial crosstal k reduct i BOT/US2004/043881

aspects because it focuses the electrical field

inwardly. The width or arc Iengths of these conductive

FIGE 8T HRastra®s ﬂﬁ%ﬁn%] n&itGf t4d tAhemiseda chhdleld e Efas

or arc lengths of the respective body sides supporting
illustrateqdenmd termpnatedintdng, end he atcoamentorsgdodnl 30 anid passibe througheairight angle

block @Itﬁ?tﬂfugg‘i eS&ﬁS)é%'lg% %gg (Faksas mﬁ% #553 fbnznﬁg Zl’ép&%\ §§Eﬂ1 receive the

transmfé@@ﬁ RBAndeNGhHsRGown. PR hrrdd e?r%%‘éh Wethat! Eﬂ(ﬁ&‘rﬁln FIG. 17, it will be
-203. These conducti ve surfaces 202, 203 are

unders@eé dad thedtrdnsonssmchamdldinkis yaytie ﬁmmml amg)ntlnuous manufactunng

i el.ectric. bod 4 that s orts them
procesiy SRRt 1y SHRSPHeAM ehta FUIhHEBEC HeH I BYBERGAed R inbinsic or
integraf¥ldoH&h e 2P TBY5 08 YRE %aﬁﬁfa@ﬁﬁ‘ﬁl Qf i3e ANRIALS the geometry of the
connector assenbly 220, where the extru3|on 'S

transmlsaoa ichahel iisedf may bewoingrdletiaasywelh apthe spapeng mgl Rdsitioning of the
The inner walls aof

conducpﬁg n@wﬁgﬁg@ﬁo n Ct é);lriﬁgaoééql gsgttﬁ%téh?trﬁqsgp%on ghannels w111 perform as
t 3 2

cons G LY SRR ESNOL O DRI Ao

signal (memﬁammaylpn)sumiﬁa,c Bermnsa ttheodielehtrimugldids @if ¢het t&iﬂsmlssmn channel links

17 illustrates the, arrangenent of
may bej %ff?sfonsgﬁs?ﬁeb@h%ﬁ:%@t% @?Q%erlaﬁagwnaage TS epnioEmabip e various
pathwaggfs){é@lr%?et% ?dgfueagﬁ{g wr?[lﬁg 931%11‘5321%‘{3%% ﬁ?%gﬁg%giggflg{g%er ormance of

the systns eFliecameabnneartendbigblk lﬁasm@gamnﬂa%t}feafamadldsmrdhmmds ina
i nks as. shown.

hannel
vertical ligheept g Blogk L2 By TRBDtaEn B mino e angnisrion chinnel links
on channel |i nks
in a right gl X AR IbORAn b I Giref BRRURAILOT BraTne
ﬁﬂ@cl&ﬁsﬂlusisaieha & olﬁyorﬁl)etxr dislectiic basults @abbdisuBh0-sdatinehich
manuf actured with_intrinsic or integrated

Sepafat@arﬁdfi}%ltqexlevwéﬁ@ﬂ fhe cve BAS ph e iarion suriach 30@pf theddacks rises
among ﬂe?ﬁ@%%{) 3t022 Irgglgﬁgﬁ et sfl&ﬂdtb %ﬂeﬁlg?sﬁ)a)cel ?lgat glgea%lgses of the bodies
may bephssenito @rmd@&ffbfmt lens @hﬁhhﬁéﬁs@ds&hﬁﬁkﬁmﬁ@ e dlétﬁncal fields

di el ectric bodies so that the transm ssion channels
develoggd whegdhe spndugiveelpmentsarm e%?ﬁalzﬁfhl tary el ectronic

S . .
:’P’?G{ llqsé tg\@é ﬁl{ﬂllt%ﬂlé éhe&%@fg ﬁ; Atdr'bgkﬁlil ggg}[&%‘: af lﬁlgeelecttlﬁc bodies or
blocks 40 Eine@wnnecﬂed By ebod02 ﬁlewﬂﬁcﬂnrtﬁﬁbﬁﬁdu@ﬁv@ hariees 403 mksnultiple or
be made rather flexible, the systens of the

compleﬁmemlreo rAswith thegensteting demand 1601 3 aneloas cpaisinnAly supports
I B0 RABEAE Sy PP U DR OO SR g ercnin
signal c'Bhd’udmre ele’Hn&ﬁ tHIG. ehidblstates hﬁ’s@aﬂﬂ&td mmizmotshal as that shown in
transm ssi on channels in a vertical alignment, while
FIGS. 1t5r?é‘dﬂl6ock 182 may maintain the ends of the
t.
LB AL O BRSBRAhsbb 84\l for e hovsings.

FIGS. 2183 fllustsite aheterimiin mteﬁ@wm shngdvat l‘:d)rﬁcéﬂeﬁ&lﬁﬁ) Whiich has a
bodi es 300-302 in which separation distance L varies
hollow hody $Hlewith pvents opemngn 802 xThe bedy way sunpest aqewdr oftetnpipals 504 that

mate with BKSnBLERR 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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anmong the links 300-302. In this manner, it should be
under stood that the shapes of the bodies may be chosen
W eoopionsgle di fferent | ens characteristics forPEDUSH04H3881
the electrical fields devel oped when the conductive
elements are energized. FIG 19 illustrates a nultiple
conicalGHSRMIEH erfdd10USheBnd@ WO HaPbs &ii@Ee@to RinalREd 6§ a single
bodi es or bl ocks 401 i nterconnected by webs 402 in
transmigkipog hine Aeisdidustratet iy BIGEr 2 kg3 sor4DBapbe panilof a phudtiple termination

. compl.ex .in nature.. A ith the construction.sh in

inert i t§inale B OHIE SRt rd o HEIFRR LS. 24 and 25,
QN 1652086hS end¥ap5 6@ G p1aEe S8 sGRRWTEHRs B G fRF ARl t¥rminated to
including a pair of differential signal conductive

an enddpedaddit that Hak @urfRe nidung $¢rmanas 522 s that trecendittockiS2 bmag®@ attached

. Su as, that sho in,FIGS. 15 and _16. The |links of |
toa le?lﬁﬁg%?fi%ﬁ?hqweﬁ?? B R95E PPBTANP i cop 2FeEcdeR fbRvpin the
drawingsﬂ QuPinBefakb ot 8lfes ﬁﬁnﬁ%%:a%%% LBl rt@{h%f SM¥wp and described
erm nation Interface as a sonewhat conical endcap
below.whi ch has a hol | ow body 501 with a central openings

...The bod support a.pair of termipals 504 that

RE2Er ecaae ‘J'ET)%trgﬁtﬂ‘?na@_re@ apl tg?él% 1 I Eneurangement, the
transmiBQEY 1iRds, orl fiksSVHCAP for PR BYmRSi LRSS Lad .iﬁdi“g& & @a[if StGnductive

openi ngs i n connector housings or circuit boards an
extents 392 fomied oprthéicexbtlior sunfacerd@dthathe rkteats 37M2shoivn@nlyesitdone side for

.. 510, The endc 500 may. be structyred to termnate

clrity g ei5 CRFIGYEIEF SHEHT Bein8 o HbOBTe Srippesd (hbie 374 that face
into theBIER ofe Saber OFFIC, 22 VTIRSe PRlduchlc Sullls 571 cqnageted o traces 573
on a circniahearil $34 by waiy 0€ soralsictilvé wiik 585 doknmed dnl GSintedosTdhé Bircuit board

FIG. 24 illustrates the endcaps 500 in place on a .
574. Sugyyigsmey alpg P constracteel arithun e hadiok dhcoerc dogls Hh alflesird. The

v 57588 ORI GRS TR 2250 kg b
intervershggay) 576Ttoen@ntdinageparetion pdthe taloecontigctd@rtiamsissiohbbtiiels at the
0 iin the drawi ngs, but nay take other shapes and
level O%Eﬁﬁgﬁﬁ“r ations sinilar to that shown and described
DR LB 28 AL DR 0 1R BRARLIRIA son. T
style oftendcepniOfskves s @mneddr hhdims ncludesrachdusihg®d2 f wilia@entral slot
.dielectric and i Ecl ude a pair of conductive extents

603 with oripuy kryiapr O rBRtracesidrpispLRg paTHEBS O P fTanyrpigsion link. The

e SRS TR SUAM UL 08 A 0 B8y s

conductwy fafl pegionf 606 ef the béistabisd b07hatofrapending@pbpben@tradts offthe circuit
e_paper of FIG 25). These conductive extents 572

he_ p; ] : [2
board 63 o b phARRSE BT MavEs 133 AR, Hereih GOdsBaY bavstheiporizontal
' i far. i £ ' f ..
puts GO3H RREHHE LSO 80 B8 EOEE, BLD L0 b0 s
needed,cn vadllr asahechpuditanidofithe spsteiyy avthd dicu@datd. ock 570, i f
gﬁgired, The vias 575 are preferably split as shown

YTheilpsteals aosmiinl skelptal et pbihe cadepsioparcerdPtapdghows how
the conﬂlaggs,e(l;r\{ SMiRgs 63Parg g@o%é@hﬂflﬁ'aﬂd%ﬁ{éﬂ?%ﬂoggh ﬁlfe Jo%ec&gﬁousing
conduct 1on ¢ he

Ive transm annel s a
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

-16-



| evel of the board. FIG 26 illustrates an endcap, or
bl ock 600 nounted to a printed circuit board 601. This
watybo6wbs endcap 600 serves as a connect or andPCTrusS2004/043881
i ncludes a housing 602, with a central slot 603 with
vari ous keyways 604 that accept projecting portions of
througH A8 chARBOIMSTHRE 602K pluYQﬁy%wqi%amﬁ ARNGRESQT afdBGrdiB ¥ach other by
have a plurality of windows 620 for access to
spaces glohgltheilength héthemoupling staple zktend dowindowagobe ofrcuitipoard and each

cont act 07.to correspondin 0S. aces.on .t he
such 1o§ R S idth af i SBEST (40 PGSR E LGB S0t pbE KRB Cpedfycgposes.
i ' tasiti ' ht Rh ks
e o30S, LoHeg . ey Reetontop danah, g9
terminal®e dlieetail pertons ofitltesd dual dvipatraimnats Gideubancedhe siebilityasf the

the capacitance of the syst at the .circuit board.
connecopcin 155 seaard doNFapiNidEs SURETAPT DRdMaHARS P13 PRiTith & channel
(nteral e P e S P O oS P Rics B ot
redundirdvg buodlsecdtdacesttha sndugtahoe of fheaystemrthroagh tie0érmmagls. FIG. 27B is a

e oo 2o L, SR 8L £, 008 L0 LENOIBRCK A 25

Ishe! L 3Rl Bounted withi
274 By OB B TG LR OULAR BUSR ot witi
respectB@ppporpblotksd16. t Biede sapporiddocdss 10ee kymesd apprt fiwe each other a
coupling staple 615 can be seen el ongat ed

€ o have an
preselepigd Kistmee thahssists Brpacing thg WW‘%’@{ ?ﬁ”&féﬂ‘?&@% nnect or
ousing.: 60 ld I r
PP SR8 R b skt SR I s SO0 R o v
providedodhid| thaytheSihplos ed beevadn divsverihimaby 60 7t dnd soppa@tiblocko@i(tto enhance
and each such leg has a wdth t IS great?r t han a

h
the coupbps befpserirHtrNPeg thedermiipgs 687 ilhe FoYiRE staplophblase series of
e 50 FAPAD sk O 4 DA 15 067 LG AP s v

pairs oPEpokdBsombcts (KR 28) 808 whd ehictr exitdidl dowatvardlyhaward thégurface of
stability of the connector. In this regard, it

L al s
the cirquiidprefesThestapicop 1 ¥ exterdidengthwisedough e COBREF by Dstween the
connecﬁo&}?&%% gf(g g@‘ﬁero %#%tg?%{)o%ﬁ% 6{p(§~I 2%41@153:5@2?0%4661 Ilqlglgé 607 '&f‘amcularly the
sidewall thersd@nayy kave opleaingt 606 tarmeditereimdtiot recsiee aigagtiaent plugs 617
_systemthrough the terminals. FIG 27B is a view aof
thereintt Boldrthe romembatsaaregistsation With pagh qther, (iher eans of attachment may
s onnector 600 of FIGS. 26 and 27A. The
be utlh?%?%gﬁlg S 607 are arranged on opposite sides of the

@CNET{sQh cab&ictr of thelwahaettov 400, whichsHastteseths ipagodition of the
_blocks 610. These support bl ocks 610 are spaced (gpart
couplirfe signl@brieen mpair of ppRasiGenEetTr S} anddhe ergagemen afithe popnector

Cl the term nal tacts 608 apart. A conductive
blOCkséguslilﬁP%lﬁcg ae|8 érﬂg%gmﬁ;é@?hg an overall U shape, or

N @dahahaieg ales tHeefofgoitigt BIG axvdilostyatéeariottiet ebs dithent of a
between the term nals 607 and support blocks 610 to )
transmispigg shannehidnlcmsiropigd i pogosdangs Witk ba gringiales of fiepagsent invention.

7. i .selj . y )
10 S35 S5 181 AE4 58 8BS AR Bl fgison v
formedaiitmvhilEhid & o RiOSethced WBRB that are cut or otherwise formed into a
dielectric substrate, such as a circuit board or even an integrated circuit substrate. The

metallization on the opposing surfaces are electrically isolated from each other. When a high-

frequency signal is impressed on the two separate conductors formed on the opposing surfaces,
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pairs of opposing contacts (FIG 28) 608 and which
extend downwardly toward the surface of the circuit
whoasae4Ihe staple 615 extends | engt hwi se t hr opgiTusive4/043881

connector body between the connector blocks 610. The
connector bl ocks 610 and the connector housing 602

they act@R @ tah&His@bh Yind. R sShE8&Wah IFSG {308 HROdikfeFBRY sVt TRt REimission
616 forned therein that receive engagenent plugs 617

line have ldefifeent spacitpbaiwebe themdeveilse Qthéntranegiistondinesagmenth have

. h other. Qh f . be util]zed,
sdevwal g pert ¢ Iviaips ARG "W TPHEECHAALY B B constant

charactef3li€ thﬁ%l'aﬁ&at JeRrB3ntdBy Y BERBREl iRRicRihct DR GRUAIENROof the
stapl e between a palr” of opposing contacts 608 and the
conducteregadperitint Thé ared and chinketss of the@okdudhit® naatetidl loa the opposing
connect or houysing 602. Notw t hst andi all of the . .
surfaces i kdsbirpgne ipflestaris: {1 1t Pt B8 SBAFGRERR G ORI idgvalls will
_ ik i N
determihd BRI AR [SePheliE MU UpLilk oA FRE i have o
transfor2fing ehapdceantic thpddtice becansdst tha transtofining capavithnkechlong the length
a multi-segnment transm ssion |ine formed by
Ofsudlﬁ%¥gﬁqﬁ-zation_on opposi ng surfaces of slots that are
Phid %i?fere?l{ H%{smis%?oﬁ gﬁg@%rhé}ftsom@ rga{(f?lly.q&tnrléd:intct}J Seb@k Substrates
such as a circult board or even an“integrated circult
such as ptibtet catwit bodnds, med @lven maddratad oicdihaubsppos.i Theissmilbsies enable
are electrically isolated fromeach other. \Wen a

them to spyfp hiebefiraveycysignnals afoynd sppheibeiitento drdiverfenatyrarragdon the
van SR AR TR0 USROS LRI o oup
impedatel HRkebytimpaOIRI K gnalf trdnbfer inte G ous 61 suthldenizelave

di fferent %gacing bet ween the sidewalls. O her i
hvpertsrlassFlon 2P shews adivetiransmissiondlinesramest 104eaf fixed-spacing,
. V. r S| '
el SIURLAT P 9100 SRUIEL 10 L ALORELSAASIORG A
conclusiofifdid St @desth oftredmikgionlmedioal sighalt ed thendealliasd sidawadlls 712,
capaci tance of the conductive sidewal|s. The area and
714 are cpirieh e s secopd frprsnpisaigudine pespentd0daving sideevallp fdbithgyspacing of
. rface 1 ' j X
i S0 B85 Ml 50 L NS AL A AR AR sons e
length of e stesdd trddingdionalRe sdeateme72(begment s with tapering
sidewal | spacing will have a transform ng ) )
thavegtioeey Eansmissigreiag ¢20 with dhewansfornyag ppgianes fepdpignal that it
.. i | h e S |. . S, .
s PF S A0RT R BRSNS Bl S QBB S e 740, which
will havie@rfifRd chixheteflitR #6h iite 161¢as t T Bgedswidih ailefll Bhathg fo albeit at a
circuit boards, and even integrated circuit
second ehpsacteristie §npedae¢s: smal | size enable themto route
high-fre n Lan ar.oun . S
Bl SR ERERG 2000308 AURHT L AU SRRy e v oro e

slot secBQUTE oPmEDintEite GRSFabOAD3 Bae sObstrae 0. eBétiaherthe Bibstrate 702 can
characteristic input or output inpedances thereby )
be madg fpmaYangtystigaproptiatmdieteetriomnajeriglp surh asglassiberglass, various

plastics,:j [?r\gr{tgc? gi'rcust%ﬁgllﬁrrggt%%g?:% H?L(L,g‘atfa g:%r%{ﬁ? \)é(\ﬁebds%atei I{lgtglgia’ll (such as undoped

nsm ssi o I'ne sed spaci n
amorphous silicon or other known equivalents thereof), the process by which a slot is formed

will vary according to the substrate material. The slot section 706 can be molded into a glass
substrate; it can be etched into silicon; it can be micromachined, laser etched or otherwise cut

into fiberglass, G-10, FR4 or other printed circuit board material.
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netallized sidewalls 712, 714, which will have a fixed
characteristic i npedance. At the conclusion of the

wo poosied4esigt h of transmission |ine 704, signal BCDOS100€043881
netallized sidewalls 712, 714 are carried to a second
transm ssion |ine segnment 720 having sidewal |s 722,

The it &ahdMisbn Mak Qébtl‘éﬁ%ﬂrcﬁﬁxtim@émoﬁ 188 TRl REOHioHEM6ahas two
characteristic inpedances th is transform ng al ong

opposingteads thagete iddntifted is EXGP by wiigmicesivorersls 763 sagifbht Those of

o] 8 b A TS Sl od b o e

"inpu nbpgﬂ)n(ﬂlt cg&pl | ength of fixed-spaced, netallized
dewal1 transm ssion [ine 740, which will have a

Tfhe(ﬁd;t sloasativnr70s thas tved op;g)sutnghltsngt"hurf% TiXand- Tddbé¢tween

i L RIS I e R RO I B
surface97 li LS, %mh%ﬂ@{‘slbﬂ §'é‘3t1<7rp‘§]06 Sre TBESc B Qfe cﬁelfebﬁétmactéﬁl from which

secti on ornmed into the surface 7
the subsitabesT02ais doridl.. ’Bm:tmmrﬁabms sel k{ﬂceahamﬂﬂﬁnmnh b‘élen’awle first

froma variety of ppr |aed ectr rrat rial
intervenfpg BARQT '§PHSs thatiis) Vait gfé ﬁﬁf #if diglectric, the
surface§ fhg Sk eLOR gotr@)'h?ﬁét %iec . gﬂarf@rgeﬁj tHh [eﬁrgf of co,n]ductlve material
Strate material (suc a undoped’ anor phous silicon
718 thabearfiésheecthioad ipraiiis Vatetehé(B’ tb leackeof the oppesing aafasss ’bl)& and 716, by

which a_slot is formed will vary according . to th

processes appronsiae o tlas ﬁl&qstrat?ﬁléatg,m%tso Lol asdhe somivisine watcris) Tekepplied to
one opﬂo?ﬁlgaﬁiﬁgéea@] C,?%ﬁ%;&(:r;]?? él(%cg‘sfcgar'ﬂytf & lﬁ%ﬂm éd}ﬁg?%véslggt‘gﬁal applied

to the oppd}s@ng‘ supfice (ids 5714GrIA 2 Rétonductivé ﬁfate}?rail ﬁl ®dn ohe oppdsing surface
material. The first transm ssion |ine section 704

(e.g,7 %@r{?ﬂﬂé that iseledtecallyiand Sentiallydsipios rompgondystive pgterial on the
opposﬂg ngr?z?ce Ege eggﬁ%%g??)%@ tggﬁﬂéf'l%k g%gg%s%‘g&lol% g{l%g?rhlgh -frequency

signals 8K ifd twiohoppbsingrcansudt@si on line art wil I recognl ze that
either end 708 and 710 can be an_" lrlJ or
Agghenld be apprecipfed iy thase & %@m@é’oﬁkﬂbﬁ cz@lémbaéedt%uctance of the

r v
contPRRRERE 10 20RlorpSULE S58Tes 7oA 0LLAR pOREURSMY o
matenal'ba)rﬁﬁ&;itl(ﬁﬁ tHel Sfadd Brea hhé tHOEIERSY dmghs doddaase ﬁﬂa&nayil@ on the
of the first slot section 706 are surfaces of th

surfacew B et andrigy heicase giloon dneRngeh thedpdagtangeof ﬁ@zlopg formed by
ando 1%;)’ cﬂ:}gﬁn 1 ‘telzsi ﬁft@ﬁl%saré‘ar §FRé ﬁ)%gqhaﬁﬁégént{pﬁ%&'t?@&ﬁrent path.
ng gap or "space’ that Is

i nterveni
Slmllarl}d ﬂfﬂdﬁthﬁdteaﬁaﬁﬂcwaﬂceﬁde@vee&ﬂhe Betdiidsiee hiaedtiah7€8 on the opposed
dielectric, the surfaces thenselves will not conduct
surfacegf Beand ?:h 4 ‘yﬂl blfh eferctipr of theppateriglspempesitiop e suifacs area of the
n
conduc{fge% 1?1 ﬂe al % %#Jeflﬁlze %Jr?a%lsa%’ Zfszaésnﬁ lglcglsdst]}éi gnckngss of the

conducﬁxlfﬁmaiéﬁam D}D@@ﬂﬁﬁ t@pfhapffaéd. eA§ fhle dohéugiveshdtedi#t 718 on each surface
material so long as the conductive nmaterial 718

712 andy i geéﬁclp@eroﬁ@/@rpﬁdm sigfaca ereacd ope ofbothof sheyponpugtjve material
cal l

surface? ln {eﬁgés ﬁle c¥1 'c{c%ﬁj\é%% %(t: {égt?&[@eﬁ ﬁﬂ‘:qk}f% AJo\ﬂﬁu%?Bh %%)ch P){a&:éSZIZ and

714) willih&rehsa! PZS]JS Wl -ty BROSh g asde 7RG a transmission line can be

calculated as VIL/C, where "L" is the inductance per unit length of transmission line and "C" is

the capacitance per unit length of transmission line.

From the foregoing, those of ordinary skill in the transmission line art should understand
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(e.g., 712 or 714) that is electrically and spatially
i solated from conductive material on the opposite
waemosacm28i .e., ., 714 or 712) will together arCT/BS2084/043881
transm ssion |line to high-frequency signals on the two
opposi ng conductors. As should be appreciated by those
that thednpRBSHB R ekt dectidn 6t st ShdnsRids@sh iRt @RWR reddifyRtermined by
conductive material 718 on the opposing surfaces 712
adjustimgidhe Elbd trandnhisdien bnd'udivensione fs wiel agthesthickness of the conductive

. ositj.on, the surface.area and thickness of .the.
material g g,y 4dgicng liugime1el Qippepignd rpglace 543 afip b fjusted by the
dielect@(ﬂé’orisfbnﬁ Beme afer fillRGMhd HIMELARGS thd 16t deBEbtEI@ICE Of

the lToop fornmed by "g and "return” current is

rAedl the adervenihg eir gaear spheet We, depomating dte susfases 7 12eandiiil 4tdeereases, the
current path, Simlarly, the djstributed capacitance .
capacitpjpaepl dhe FHSTHSHENIG WE HEPRTS oS ﬁsmaﬁaﬁﬁis)ggp—ﬁffé@ag the air gap or
space, thd ri&?&?a?ipg $EinBRnslidsivh illll% Re&iod, F04nEil d%@re‘a%e ﬁcjﬁgrding to the
materiral s conposition, the surface area of the
expressi@i) ke I IE/ORt Edrivatselytl e Ghdedragseb atithdacreades afigap ahe smpedance
712 and 714 and the thickness of the conductive ] .
"Z" wikrincsedsal lnpegsiap fhe deleetdc eansfariyvithindhe aig gambowever will also increase
e conductive material 718 on each surface 712 and 714
" gets closer, and/or as the surface area of one or both

of mh{ Be 8MEDIRLH Yo BIsRhtR| toSHIFa@Shdrivide@26@%: the AR gap of the
capacitive effect between the two conductors (on eac

transmissipf gectqEs ofithg iveajiomivith 4 diglestiiramatagial, praferpblylonewh a low

st B B PR LD R
dielecti®bdnst-RN ITRis Bfpelof 3RSdHS 3 @Seful Whemplefenti®e thB@ransmission

capaci tance per unit length of transmssion line. From
structurel of fherprepsitigyentivoyathit a eirgiii dogrdssavirpningnt gnd the filler material can

. transm ssion |i art shoul d upder st.andt hat t he
rosist epf g o an thaphd By Pilae S By o APGFAE §EY Pliscioles i on
: ITHevolthe FAIInPRW @aldbtiY coeétahihhRAabYnad benbfidigl ihfige fabrication
slot transm ssion line's dinensions as well as the
process ¢ff ankenehedded trasmisstmd instchaanelein arditghit board byrpragfaying dhe general

. .to.adjuysti s] ot di pensi on i,pedance can S0 .\

itegriyh 584 g Sl b e SR EPRE DB HE A B addiion of

laminafellthdtB8h1 i BreIPRE EniediBicly dBW ethOtir&EEbORA 18P whith doffiins the
intervening ait gap or spaceW1l separating the

transmissiof agegurel Thedidler matedelomazideereaseibe diglsatric conslenidf theair gap to a
. ransm ssion line.w |l i.ncrease. As "C' increases
nigher g B B i gtmaind  gae SREET AR Gonii of M AEHTITRER fprored
dielectfié. ARSHIsTR6h, lalsBRBIE Al érQRa tEPi4] ¥inl Be SR RAINNAGAAEFH T ohibit the
to the expression, Z =1/\/(L/C). Conversely, as "C'
filling offthe traswsissipn bhannelrgaps b cincvit hagrd prévprdgmpetgaslce " 2"

i1l incre | i .the diel [ t ant
3 e sicp 2 SEva e i g RS A8 pEEdR Wlilre o pybstrate 650
has gro®®¥s &5 G $ith BRE Qurfdle 89Tt S5 AHeRBddwalls of te chaRiiels 651 are lined
ot herwi se occupy the air g;p of the transm ssion

with cadnctisteunasriad 656 land thecbatriebs 664 are falladi witk a tmdterial 658 that may form a

e B LB 8 S 15 B T chamet
R dHo@inH FIG VY, Yt th8Wecond end 710 of the first slot section 706, there is an

inflection point at the second end 710 whereat the spacing W; between the opposing surfaces
narrows. The narrowing of the spacing between opposing sidewalls is considered to be the

beginning of an impedance transition section of transmission line and is identified in FIG. 29 by
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di el ectric constant. This type of structure is useful
when inplenmenting the transm ssion structures of the
w@e@smoed428 nvention within a circuit board envi POTDEIU4/043881
and the filler material can resist entrance into the
channel by adjacent |ayers of circuit board material.

referendd Hufnef£ll OB 1 el thé i1 23 kl@Wsé’dtﬁh%%r 1he iHpEEnds Eraﬁ@fiﬁ&{ scdtion 720 has
can be beneficial in the fabrication process of an

first and sdeenidiepbdsedawsltd assafadesh boirhmf rwirebh ang identified doit clamiarbd reference

numera&%%qo 'ﬁ‘tﬁe{g{p:g c% grg{x tchrgﬁaclrtvn SO %Pgag Wﬁlﬁcglelpngff preferred
embodlﬂ%tﬁ%?% b AR b@fﬂeriﬁistes%trge&@aﬂ 706.i N the |ayer

I medi a ove the circuit board layer which
mmhealmtesvetnlrrg dppanBiyibsisvexm the twie sunfaces mdéqrédses in the impedance
rmterlalrm¥ i.ncrease the dlelectrlc onst ant, of

transitiop qec@oaxbu(b 1H‘1e§\ﬁ:g}ng| spaes bejwieen the surfzes %ﬂnf;}u%{we mhatenal 718 on
Cc
the two Sstﬁfr‘fg{:e? 3?2 (\ﬁ% ?ﬂg? gé«{rl;:flfsg 9&35 Peﬁﬁlt 8; gfgﬁﬁ%r@hésﬁ@éagaaﬁ’%]ﬁg between the
two metalllided rsuff&te@,fth@imﬁﬁnd@&ﬂéﬂg thed el lagraduatigeldcrease, causmg the line's
prohibit the fjlling of the trﬁ mSSI on charlnel
charactﬁystlenmeeﬁ@%f@é}eareﬁ?ee@ o thedgngth of the trmseyssiAg gledmpg %Df?e
I teycture i s shown in FIGS 35 and 36 where a

tranSfO& S rsgcslé)ﬁbygg' has grooves 651 cut into one surface 652

Wi&lh&hé phykival diindasiehd o the oppesing auntfielks 7B8bhathahé dpeading surfaces

th conductive materjal 655 and the channel s 651 are
714 and 736, apd whemconduettversupee sepas AtheRRposine fidaqes yé¢ mpbdr conductive
t 866

surface%ﬂaa olﬁﬁ[gé réﬂ glég sﬁxff'iléegﬁé %Bﬁgr%%e 3 ﬁl%g?’rlﬂl Vﬁ&rlﬁﬁ %E?‘é\mé@%ﬁsecﬂon
720 wﬂatnatdhahe erond" @nekdddd offthé becohi efd 730 of thedirkt stlet sé&iton.

there is an inflection point at the second end 710
Accordighy, a stenehpopipatingigomthe sy ed /A% vl pet ise enddge dmpedance rise
o it R BB PR 5 SRS ORISR, RERARL e
transfoiniiagtanggor eafic 720 BusathdronillGet atsmbtnorsghdial blhamge am d

is 1tdentified in FIG 29 byreference nunmeral 720. Li
impedapege As thgspasingbebean; thpoppesing ﬁé’fa}cﬁb@%ﬁ’aﬁ%ﬁqﬂ%ﬂgng th@dength of the

1mpedaﬁge ttre%ngggg%g%f&? gf tﬁl&m@ﬁ&iar g %ﬂ" ?? ?%@g% %r?d@a[l]ty deBrease due

to the 1ﬁ@£e@fr@l’lﬁpadﬁmhwge&2he Ebadudiipe danatal 71808 Itlid &pposing surfaces 722.
section also has a bottom which in the preferred

There a&mﬁ@%ﬁnﬁﬁlmak@mdmcmhangwﬁ attFaasHEStonrng such petormakeimpedance

correct1?) 9 Bli t%%%\ati:l? non—ﬁm@ éQS anH ‘ﬂ%[ éﬁ%[} o? ﬁ%‘éﬁ%&%npﬁlfgﬁﬁﬁ permits this

WO sur aces ecreases |n

to be edsllf86hd in@ibsBets 1A af Plited A ¢1flﬁ1ﬁfbbafdsrh@d$]§>éiﬁlea bet ween
the surface of conductive material 718 on the t

Syrsheweén Fifh 24 the spacing brtweenthe sidevalls 722 obithe lgﬂoetimce transition
section 758 ! gr%gxgvg nﬁﬁg&% eag th%el%}é\%ﬁ%tf eHA@n % ﬁ}L %%oml inflection

surtaces, |ne

point 724 CTIRAGS in€lB¢ton1®irdt1e0 id a@ﬁd@b@b@mﬁé Ysstoral” loap@dpmc end of the
to decrease al on&rt he | eng th of the transm ssion |ine
first tranmléﬁalh lime sactons 7Ot sk the A ﬁg%’(':@l’ dapytd end gtk firfidmpedance transition

of G 0 "
soion AL PRI 0P SRRBSLAN 541 SRS ATA TG cn o
the 1mp§ﬂﬁri§é@1@nﬁﬁ@ﬁ§ec@d§h THRasOPE 9k NMBrsS Wi "agRE" ehdllofMiBie€énd transmission
conducti ve
line/second slot section that is identified by reference numeral 740.
Like the first fixed-sidewall-spacing slot section 704, the second fixed-sidewall-spacing

slot section 740 also has two ends. As set forth above, the "first" end of the second slot section
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surface area on the opposing surfaces 712 and 714, the
"I nput” inpedance of transition section 720 will match

w0 b@s/veaseput " i npedance of the second end 710 PET/URIO04/043881
first slot section. Accordingly, a signal propagating
fromthe input end 708 will not "see" a sudden

740 is i SERARE BICG.| Bhydeferdick ridndrd] 2UaMRkdas ikPmetdi"fehf OF the second
transm ssion |ine section 704 into the second,

slot sectipmp #disddertifizd biy seliatenge npmesil 726nLikedhé Brst FR0Osection 704 and the

et D D, BB PR BB o b mo
readily SHATES. 20230 YRCHERSRE MVAMERThd BRI 0PThelsBEond slot section 740

I npedance transition section 720, the inpedance "seen”
is co-plhyaravigi tha hbtteva [7116 gf tietlimedanfedrapsisien de@iono t he
i ncreasi ng capaci ce between the c uctive materi al
95 GER R DERAGh KB DEE s bAtR AU e TR s
opposil B Alld SFPSHARES (GAMRIRRntRefid FRIST LI SER encE AEmeHE7ASand 732.
to nmake I npedance corrections or to"match a
As shown iz Bi@. 20y the latvadp @an spacheWs thatist"inteveding hieetpeeas thetopposing surfaces
nventjion permts this to be easi iy done in sibstarets

728 and; (10 ofhe prean@slobsrgtion /3dit copsiderblyalass har the iRterveaing air gap or
U%WH ] e spaci ng between the sidewalls
Space \g‘Z of ﬁ{lﬁgbgﬁﬁéga?]@:ée? transition section 720 narrows

@arhowi @UBIG, 28] endutthe nategihh7 ¥ ort the oppedingsurfaes WL &l 714 of
second i nfl ection Eoi nt 724. The first inflection

the ﬁrstgsé,@trﬁpctm7 Qoexistnthr dhe pefing length ofthe dmpedagee frgpgifion section 720
b b . i - o
o 5P s e BIERT P00 DIBHRSI B Bkl
spacingl Het&antth® BorRkctivesurfadés chbgessstenthe idifffidremt degmepts] the distributed
724 is considered to be the "second"” or "output" end
capacitgice piaveepheondectivie spefpessolscsediengesn I i sgeongeslpt sgstion 740, the

capacit" cie I?att ex@{sge{\f&#tthe cec{ﬁ%ugfl %m?a?e%%p% dSt &flﬁ‘)%rgggg%g sides 728 and 730
I'RElSECoNd sl ot Sectlon that s | dent |
will be EfheF eaaehddiskibated C4Pacitankeof the firdt kit section 706. As a result, the
fixed-sidewal | -spacing slot section 704, the second

characteristie dmgpdpaga P the second glafiseetionet40; witl bredessdhanthephasagisristic
. d . ove, the "first" end of the
‘mpedaggeéc‘?;fn%@gﬁg?lgége%‘%’lg3@40 is identified in FIG 29 by

Lefhe pedteRed etiBddinert? fhydied] dafiedsivhs a8 & condliction thatdrial Mes of
second slot section 740 is identified by reference

abuttingglaseationsAB04/72%e/ 20405 T4 5Q) B0/ Ok are Areroglyanatchee By
iy ce t i ti0 |.Q 2Q, Ofe 4;
GRSk DR Bn SR 1508 pESRRT el rernt o
section§ €ieinipedimldes oR@e aﬂﬁbiﬁiﬁ% cpdEwEl bEshaRABOW eRAbtHdAE Signal reflections
bottom of the second slot section 740 is co-planar. )
on the tygnsissioa lingtcpesed byémpedanse disepaigamiies alongibi fagsmission line will be
ection. Li the first Sect.| 704, 1the. .
reduce i o8 B A g oohlsPhal S FL hiRadl cobbBRE0 R uoitorm
loads. Wal | s or "surfaces” that are identified in FIG 29 by
reference nunerals 728 and 732. As shown in FIG 29,

Whena signghis iprodysae entotlanBrst zrgnsmiﬁ%i%m lisppasgjon Hgﬂ Weidhinput end
- ' 728. 732. .
708, il RBR BT B¢ BLR G Rhuffof Mioe SRR 0 DR SRR et

transitiéd fec@@P720 wih a0 fwalvB @eflédtivhs. SOAte thesiichahe #Redade transition
shown in FIG 29, conductive material 718 on the

sectiondpp sigh#gvidlhercarried intpthe secopd ragsmission line section, again with minimal

reflections. The changing dimensions of the slot sections that make up the first transmission line

section, the impedance transition section and the second transmission line/second line section
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the first slot section 706 exists through the entire

| ength of the inpedance transition section 720 as wel |
WwW@3g006/0694b% opposi ng surfaces 728 and 730 of theCEHESINH043881

sl ot section 740. Because the spaci ng between the

conductive surfaces changes along the different

transfordEQEBIRE the chBRcRtishi¢ infpeliffte CARARLRA oa? RS BRA s litrﬁg?agates

conductive surfaces also changes hi the sécond sl
throughstbe different 4€ctions @04 R0 end ZHL: eAs $wath, dhe wargingstotdénensians provide

SR TR S 810 0 L SRSl 10, 1 TER N0
or even%ﬁ iﬁt@%ra{eﬂ retku® hNing 8 %ﬂlﬁ&lﬁggiﬁrgfi%e@mé SRbtits 18418,

aracteristic i npedance of cond slot section
340 refetringlie FI@S29, theagistshewie h sccaoddnmiztiance trapsidi@n sectah 750 at the

"secon(fgrr;;ge{aigp;}gﬁt:ﬂd? %F)?‘ngéﬁ% tae{chgﬂ %gtﬁsgptgéﬁls”}%ﬁdﬁggggr ' -Cigg)edance transition

section ?g%?f;g ghs %}9@% vt ok %lﬂ‘%cé%. Ot a186 Hak Abdttof AL ng)lana§/ with the

0; 750/760)) are precisely matched. B

bottomsraf thé firsg sloh yesitioa 704l thefist omsedamst tramsitiot sectomBEf@ andithe second
718_at adj oi ni ng end f different s|lot sections, the,
slot secfipg &tk nﬁé%omaosmﬁé@afsaq%@ﬁeﬁ @E bR 3SCQRg ImRsdanss EnsHiopsection are

also co?@c‘f@itﬁﬁﬁ‘ée&ald %18 R8hatkSd 788 td RB% 20%dtiRiohs @&Fﬁbﬁ% ﬁée}h back to the

I ne cause y 1 npedance discontinuities along t
input edd Assofithsiimnslot seetiva V04.be reduced or even elim nated
as a_ consequence of having. i npedance ¢orrection @o
A6 S} BFORPSALGRIBIO fopEsionT gmg*ﬁ%mcq ansionyRRGHeR /P hthe

bGP AR -2 RSBl
intervetihg epase bivaen Miropposing nalls/turtacenpedenes therebysddcreaasing the

_section 720 with m nimal wave reflections. Once
capacitange §elyreen Hie Gopgdueiisaraterial A3 on e QRRASIESUIRReS- si gnal
i ' ' t i.5si.an.: Li g :
£ht b SR R A R ARSI Rl s et i
FIG. 20thyvefesénes sunierdl 162.sThd otpaitor eeedntdaid THeke thipsdcbad impaiance
transm ssion |line section, the inpedance transition

transitiereisetio 7 dhig dvedhe Ewsher firptrnd ol adhbd slatsestiaacifd A5 thewn in FIG.
29, the %vsffﬁﬁ 0P tertﬁfgé %l%f %%é%n %6 ﬁrgréalge? l%ﬂlaﬁﬁ%ﬁlﬁ# S5t thé sé%ﬁ%ﬁﬂ%@cﬁon 740,
encountere y e signhal®as it propagates through the

which willf dagsetht chaadteani ifPédané6f the thivd Slot AsctivuGio) td herease. Because
varyi ng sl ot dinensions provide an apparatus and
the charpsteristic Inedprasat diedgneiion i Hhess B spctiqns §7fhangd 760) are matched by

. h. . . .
e ARELAL et SRR 1 GHAEHSBRE BBLAR IR AR impcdnce
transitiél @Bgon 750 WelhBé Barri&d inkd the €figt lotg:ctionFoG® 29, there is

shown a second i npedance transition section 750 at the

ltshewd de apparsutp hose aliorATBrbIKiN Fb tReds it Sedmpsdance o the
transmi%égn lil-lr@fo%ngg PR ?l]lﬂsggt% qg&c atcrn%ﬂﬁ 't%da?{ﬂ of @\%&1’ a‘ﬁrln%g%t@d &ftuit can
as opposing wallTs or "surtfaces. It also has a om

be trandfbated Smplg-H31 chaaginitelzebinetrpof the ppoking kendudtat fedwdd by
section 704, the first inpedance transition section, .
conducfppmaigtiak depositadomonprEng sides ¢lsipts 4bat arpalse fyeisdi a dielectric
| f t .SEeC Jd r it )
st S SRHIA5855 04 sEIBUERRI HIRSRORTS FAOSL bhRasie o matcea
input o' 1b8d irfipddahce wilL@eldi ifipaiied peisiiRne ehfoagh a kmoktht mdt dedtrolled

impedance transition in accordance with those of the present invention.

Still referring to FIG. 29, electronic devices 770 and 780 are shown as being mounted to

the upper surface 703 of the substrate 702. One device 770 is shown electrically connected to
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i nput end 708 of the first slot section 704. As a
signal propagates into the second inpedance transition
wQe@sioam2& 50, the characteristic i npedance of PEEUS2004/043881
second i npedance transition section 750 increases as
the interveni ng space between the opposing
the secO¥Rd that{sHiNsloRAGRR/sldh SbafaR 9401 N&IBRY d8RiEE 98¢ IsMotiRlectrically
capacl tance between e conductive nmaterial 718 on the
connecedpo fierlgstsrambmiss®n liflescaionpl4. df tedtondevered 70frequiires an input or

output fnge;?q%gggel eda tfl@} é}panSI I O i%b, 5 1&1%%@'1133'{) Ezptt%];lsmlssmn line
segment ?&Qﬁﬁh%ﬁﬂ%}7céglcgﬁs éd?ﬁe&@tf O&itlhd f&&?ﬁ Qgﬁst(aﬂ ?J‘ﬁﬂa{dh%rblgnal source or

section 7 I's also the 1 nput or t end of a third
load in sheofirssdaidediT0 By Farvisg thdinnensions d& the Slot tawehish (ﬂtdﬂavtce is

the third slot section 760 is greater than the width
connectsfl. t he second sl ot section 740, which will cause the

N . : | . .

FAG; 54 854 40 BobTRERANER R Wk M floR PipeB iy Oy difbouic

substratehﬁ Which:zt slonwith nichdBedtsidenadictis ﬁnmed?E[the a&mdeglﬁﬂ)e shawven in FIG.
hed by virtue of their match di nrensi ons,
30A ha§ ;ﬁ@mér:pqs@ts GRS, AwO O MHifhiATe HBD ﬁHaP%%QE é%ctlons As shown in
J | r

FIG. 344 DS W 0 T fs BB BRI e BpeipBicicnyic

walls/sofaien a1y aixk714, betvebh e/hivhtis thedlot hgtonpeslance of t he
transm ssi on I|ne fornmed in a substrate such as
Seeléan ¥1 Baoastant-impedanes seeticadyariaye of ihe sopstasippging between the

opposn‘é,ﬁgsa}gesvflﬁfsn}ggngh 2?(” ¥ n%gc%g)%b%%%gug% g 2;%1% Osfldé\{la?l spacings and

metal 2 RADHIRAWI MbARRG SeftibnS bbaRaRhed bRIvadihp &r adefle@loddess signal
fornmed in a dielectric substrate. El ectronic devices

transfebbﬁtwe@immrtssdmdcsi’or in an integrated circuit that

Sk S oSS Aeebeipe b R ARRRE e ikt [ spacine

betweeh FREHAEQivie Rl '7‘1?8‘ dbpbsA6d 8h@danE 8p ﬁx’hf_% Mfrﬁfé@s P2 4dde714
present invention. Still referring

decreasel derebyrdecreaing theshaaciensit ing@dancs aeghe é@gﬂeoﬁ@e second section

unted.to the_ u r.syrface . 703, 0f t rate /0
2. ASGRE Ser004 e 92 100eEH b At St Rout 3 CORRICRLG Hrarace a the
interseﬁﬁ)ﬁmhé {RRRMARIShRE sddtiBR! S2A3 wHsERhichdd im ? o?v%é)ﬂﬁ@ signal
evice 780 is shown el ectrically connected to the
transfef batwten seaticnsi Sis B2 and SAe Aseshbwnnthm“durth fectihe SHiingtases its sidewall
device 770 requires an in Qut

t inped .
spacingps shaPanthereh R o asing dh, %Féw@& 1171@83'%10%5? f aﬁ'g% seetigp S4.
the. H&Qﬁ(ﬁ“ 1398 o b&%nsa drf'xg%c%‘i‘gigﬁboﬁhéﬁﬁ fgx‘?x‘ﬁ!né ?m}:)edance

i'S connect e can e rea to match a s
transmfs@dﬁ tiae e¢ctibaa dniRIGt BRA fand EIGCBEI\B tke ﬁilﬁ)smngnsmweang;ldtlsecuons S1,
i mensi ons of the slot to which the devi ce |

S2 and@érﬁai@ smpeefh, forther reducingppseibly lr@zﬁéag%@w‘amﬁlaﬁltw Biwaf the
transml%mﬁog Eﬂe g%ﬂ'ﬁﬁﬁ?ﬁﬁ%{ﬁ% augée%@% gbdl%%la{‘:l{ld‘nglgss ﬁ;ﬁg(?etxnxyea tS%i?%ng.

[0123] wavRDe ildentoaiMent BhdwiGn HOA 20a@epicesppoeing sale/alls that are
sections, two of which are inpedance transform ng

substangially ogfhegonaktodhe,bettqmes 718 of the slot sections, FIG. 32 shows that the sidewalls

of the slot sections can be inclined linear sections as shown in slot "A" but also curved, non-

linear walls as shown in slots "B" and "C." The sidewalls 712, 714 of slot "A" in FIG. 32 are

inclined with respect to the plane of the bottom 716. In contrast, the sidewalls 712 and 714 of

slot "B" are concave and parabolic but may also be elliptical. By inclining the sidewalls or
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FI G 30A, a conductive surface or layer 718 is
deposited onto the opposing dielectric walls/surfaces
wO1dsaemd2& 14, between which is the slot bottonPGLE6S2004/043881

Section SI is a constant-inpedance section by virtue
of the constant spacing between the opposing sidewalls

imbuing Heen@Aath AlcbncdMest cBRFIX DbksJecHBREHR sRRS tth}nbesgroré &Rily coated with
sidewal | spacings and netallizafion of the

conduciye refenigl € 6% theeaby f@duelngéh@mtqlnmmf@hnmge i ourcmt board or integrated

. ref eetizan | ess si.gnal ns t ween

ciruit {flr85" P&l lpord3hs 05 Wit cod FAGHET o et S Sl e canstrucd o

included Wddwilis tiadt @RBogdnil I0ARE LIt bothnSRAGING RREVRE Ak Mclined as shown
conductive material 718 deposited onto the opposing

in views''ff{dd6. 72.2" NordliTes" sidewalashsult be cextsjzrwlzeldo exsnsiietals that are
ristic | edance al ong the | ength of the

Al
paraboﬁ‘é 8@}?31 @y Aths eoﬁ%et’f‘ﬁ ghapg dlgah és ot ipedh S2 neets the
tAitodgs ﬁfeténﬁi?)dln%)ht sh&én 9 %51?115& fot! &P@&?ﬁ&%ﬁ 716 Rat are
i ntersection of the second and t secti ons
planar gvi el plamat, al’wdatelelr{bbdumermgs dfitke mivaitadn carpinsieatot bottumerT16 that
shown, . the fourth section

are n°ﬂ§g$4ﬁg PEaSaaaia 3P s cnT sHare Qrglod SestOhpetimiahetsye cither
comc TSRS oI ORIASSEIL T hTRAGANED, o pOETAOHEH i

Makingaﬂnb okt hettemo 716 hxm pllaaz[rs:faﬂ improge theyregigraton bAS@usYeOfaterial
$ne sections. 3IA and FI G 3IB, the
strips 74 agpdngt t%%??&ém&é@ﬁ ‘@l%t 1388 i/ bhthersby rapking if easientocapply
i npedance
COmhwgggggﬁ%Fﬁ%ﬁ?ﬁ%kngggmeen gﬁgaﬁézﬁ§n135|on i ne segnments

Wikite tire gi“etfelbffd anabigideitycoapiitescinaigtisl dcfris efWatdlume in the
0123] Wil e the enbadi nrent shown in FIG 29

n
sots shgBp e PLIS bR gnp ded i ol b seiqrnaty. Parilyor
comple%i%ﬁﬂ%ﬂ% ih Qn# Eﬁhp 9 ctélgg? Ylil'ﬁ'n' S’ase tpg f%gél aﬁ? Clgeglg 2 between the
oppommmnbﬁctmrscchn be thdréanabeausing tai dNSonsitans hewbase in ﬁh&hcteﬁstlc
but al so curved, non linear walls as shown in slots
impedangg: e & dclectrigbebyesaihs prPoFRE surfaces yilldngreasepapgitance, the arca
t I of th
of the cgﬁcﬁ’tc‘usg 9‘%%&1&1} 21%6’%1% %gfgtd @l%e{gxgr}:‘se% %ews%f%ngﬁg suﬁafe ? 12 and 714

to obtalﬁlaqiamcﬁi'laralliﬁnbmad: eapaciedhde pal Bdethdd Thep@yre tiiehth of the slots
elliptical., By inclining the sidewalls orinbuing them

used to yjelcha partighien P danGeith 62 redused if smeniagndielasiriasisased torfal) the
VMKR$Qﬁn§H%§0ﬁ%.EE%t&% h&g wi th conductive material 718

UC ng the cost to manufacture a circuit

he aEthoﬁh abonee gfeaioﬁdudﬂvé bitdriad g b& ﬂ kiged bARheoys é}b@&ﬁ@rﬂfces of the
cl ai m cgonstructi on, "l'i near" ewal | shou
various SgHops QEHansipsN %Fefowmqaﬂy ﬁ«rpafatwm@mgl Inagmypleas these
ined.as
conduct%ksg%r\% Q@%ﬁ‘@l exvge%&&@e ?he%sag\ﬁgéz §onsR%}edﬁ|5 ﬁ)ga’r?i(ftlfere%té% gl pairs”

which ashiondweh foethe@nsiskilled thoarbRebe ik vehdust 3l Abat kLY alternating-polarity
par abol i c, elllgtlcal or any other geonetric shape
Slgnalsatth%? i§ 20 Refi- signabatieragaiprosenihn ﬁaveﬁm@moﬁmﬁt Dififerantial signals are

well—kng{v 0 B th%@@ b%r?i ﬁbf%{lﬁ ?r}ctthl LQ aB8 ttlf% t6 r§ h i‘)% alaxgoihﬁéents

anar or near erna
describédubent sluld e chaideral t0the b@éﬂlpzﬁﬂ:‘dlﬁéﬁnﬁdlaél gnal pairs.

FIGS. 35 and 36 illustrate the embodiment dealing with a sealed channel type of

arrangement that is suitable for use in a printed circuit board construction. They utilize a

grouped element channel transmission structure 650, that is parti cularly suitable for carrying
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are non-planar. FIGS 33A and 33B show end-vi ews of
sl ot section bottons that are either convex or concave
W@ depmedesig on the viewers point of reference)PEnus2004/043881
therefore non-planar. Making the slot bottons 716
non- pl anar can inprove the registration of conductive
high voIRE&Y drdll cusrehisREhith&leAGH ddstact PBCIARPOTHEBo Sy @ﬁh@@aﬁﬁmssmn line
712 and 714 thereby nmaking it "easrer to apply
650 mao/dwdgnmd/@omtardlpigctﬂg ot may gp}msrmgatsd dewal dirsuif bBardralyer and it has

o serie i Bra Vit el 6T, s ForreaTH RS 150G e DBk P thereof from
one surfddeB52 Aereof3 The dAeRalld 634 Sdhde bt &n@ﬁct{v‘e%di}ed with a

dielectric material. Partially or conplete
conductivemgtarial, angh ax byt platinge and inresfeoi definierrcseeias of ‘fpietes” 655 that are

tance realized en the. oppos duct
opposeh 10 AGh A ol T sl B B ety
occupydhasla&iedn| 3 e 1EBEARRS 95 arl 56,8 %'6@%‘?@}{0‘\&1 {agt ﬂ‘ﬁfﬂe channel
t he opposing surfaces w Il increas@ capacitance, the
and thisipleg nufy ltlded@m najfupdriioret Féadrerdnalor ﬁﬂc&ettdm@uewlfﬂlers 660 that depend
ot herw se t e used on the surfaces 712 and 714
from the 5 BOLO ﬁltw%t% feng P pd GoraBl el AErIRaiTEe Seagh ob e slots
t
5. Tt S L B S e o
conductivn swfacegiarel isilatecthes: to pexyehiarting frdrh ecsatihgbstween them. The

P T NTEE TN ST
affect tﬁéj&fu%ﬁﬁg b&lwebt! ﬁ VBRI s Sa%ﬁtt%ﬁ!é}i?lf{het di §t@c%%h%glltl Willbe one that
formeleéectrica y Separ ate c tors. naSI’mC

1s equal toes eraatan diighieothan ﬂ[eaheibﬁﬂt comstdnk yf gepdicteic Hodey Adgréund plane
al so considered to b "differential signa

659 mag e ARDGHIEM PR SHHOPEr TRGEROBAC SRAMIsFianding oF ﬂgs&-‘b& 36 to provide
lncreas&?éd;?ﬁﬁt&é’&ﬂgﬁhgrs that carry alternating-polarity
there

sig is no D.C. signal average present on

{ihthig menmeoaid e chewn bist fchematitaily is FIGaB6, tAé pposed polarity (i.e.,
those of ordinary skill in the art

“+” or ) ST G RTE Db AR A Eloisl Halried Hemcnrbomenbutevertheless
define a:%ﬁ;g?te%grfglgnﬂﬁgﬁé&qg%ﬁ‘éﬁvﬁ ﬁ'rel{%angfh il(trf %ﬁl%nﬁtls %k the present

inventi@merohitneng highaensigesvib bb achiswed!veich £ han iductaype delivery mode,

rr.an get that is suitable for useina%rlnted )
especiafly iy e e MBS OF CRDTIGR parpghcugitant pathsa Tg tpmeht of FIG. 36 is

shown &1oB{& ?ﬁ F{i{‘ %@éarﬁﬂl@ﬁﬁlg’fﬂﬁ§ hBiSh rﬁgﬁéfﬁlﬁy &1[ sai %%zifrg}ﬁ%nitting

parti c carryi
conductier suefabes ﬂaméiygllne mtfemﬁat:ynibﬁﬁﬁla@htn‘ig) 861 €8Gs$ confbendRYe 6ferall slot
ransm ssi line 650 nmay be formed froma

h
and lan% oy OB T W HS@Vlfi?ﬁcf‘é‘?Cﬁé‘faétféHIatm@raSOéatmLhe(twmath@l two
conduc(#@eys%rf% thé[';}fgl Egcﬁ?él{)gt%% %I; s%?féggso 654 6%591% b%Sv]éry small, on

or ne
the orddr o Dglahind andthelike s thamuﬁﬁﬁe tduging @fr ﬁlfﬁl‘ffﬁ ISprS%ﬁﬁé Ar8ing or

. 654 of these slots ar e conductively coated with a
shorting btwEeR Pays oheprfuciye clemenis é@lwe of eppesed paig in thedrapgmission

lines, ox%?f\xﬂf‘& 1‘%‘ 156Ls6P cffent R:As g&ﬁil# DAl S i’\?g Srq’a aces éhereof will

er and are separa einte
lead to @lovair ﬂqoptlhéﬁctalncb lof t}mmm@hisyﬁoﬁ) ¢1ﬁbl pystéme Hﬂe@bﬁfoﬁrﬁll cdating or film
ﬁ f FIGS. 35 and 36, plug 658 is shown that
661 pre;?elrzﬁqué @ngﬁ]ﬁéqonstant that is lower than that of the dielectric body and a
dielectric constant that is close to that of air, 1.0 is most preferred.

From the foregoing, it should be apparent to those of ordinary skill that small, high-
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and this plug may include a cap portion 659 and one or
nmore tongues, or fillers 660 that depend fromthe cap
w@orosioam2€59 and which extend into and conpl et BCT/US2004/043881

occupy the space of the slots 651. The plug 658,

especially the fill portion 660 thereof extends
frequerhﬁttm%isﬁibﬁ 1ABPQRIRFo MMM 4 HiBlestHcl a6 8Pat@BY miehiiHifk 8Bposing
) themto prevent arcing fromoccurring between them
sidewaltt ef oty guithyouigh dielectiid $ubstratet nasmdilehethierspacing(aadididlectric)

v LB RS B o SR LR ot
transmisyiBh Giak ¥n bd feghsBirRks ﬁfo'hg Gts GEHpeH W‘Eha\ﬂ'gliﬂ% 1€ sRBGafl BRcidg the

equal to or greater higher than the el ectric
metalligasiostcarthe siflewdlbasivell axcthe itypelaod pmotngeddiakcipicdrety&hdhe sidewalls.

eSOl Pl DB PesEbr LRSS Sl b provid wi

signalsi ¥ EARAehdd YSsh¥dRni 1. hi this manner, and as
shown best schematically in FIG 36, the opposed
polarity (i.e., "+" or "-") conductive pairs of

contacts are electrically isolated fromeach ot her

but nevertheless define a conplete circuit. The sizes
involved with the transm ssion el enents of the present
invention permt very high densities to be achieved
with a |l ow inductance delivery node, especially due to
the | arge nunber of common parallel current paths. To
the right of FIG 36 is shown another neans for
acconplishing this isolation, preferably with signa
transmtting conductive surfaces, nanmely the use of a
conformal coating 661 that confornms to the overal

sl ot and | and configuration but which provides

el ectrical insulation or isolation between the two
conductive surfaces. The spaci ng between the pl ated
surfaces 654, 655 may be very small, on the order of
0.4 mmand the like and the insulative coating or film
661 prevents arcing or shorting between pairs of
conductive el enents. The use of opposed pairs in the
transm ssion |lines, over which is traversed current
across and possibly on two opposing surfaces thereof,
wll lead to a | ower | oop inductance of the

transm ssion |ine system The conformal coating or
film®661 preferably has a dielectric constant that is
| ower than that of the dielectric body and a
dielectric constant that is close to that of air, 1.0
is nost preferred. Fromthe foregoing, it should be
apparent to those of ordinary skill that small,

hi ghfrequency transm ssion lines can be fornmed into a
dielectric substrate by netallizing opposing sidewalls
of slots cut through dielectric substrate. Inasnuch as
the spacing (and dielectric) between the sidewalls
determ nes the transm ssion |line's inpedance, the

i npedance of the transm ssion |ine can be transforned
along its length by changing the sidewall spacing, the
nmetal lization on the sidewall as well as the type and
amount of dielectric between the sidewalls. Electronic
conponents that have particul ar input or output

i npedances can be provided with
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signals frominpedance-nmat ched transm ssion
line.CLAIMS 1. A transmssion |ine for high-frequency

waledobmemes i al signals and havi ng a transfornm nRCT/US2004/043881

i npedance, said transmission |line conprising: a
dielectric body; a first transmi ssion |line section

CLAIMIBat is conprised of a first slot in said dielectric

1.

ody and having first and second transm ssion |ine
dnidansansbicn linerfor highdreguemayi differentialpigdaln end hating artranafoiming
tirigﬁgnd.aﬁgond.traggnission | ine ends; a second
PPRAERTS SHETAPTRHESIER UPF SAPHYES s conprised of a
second gsdl&irid ol d di el ectric body, said second
transm ssion |iné also having first and second ends
but hairstgraasmission dine kectmattlatiis ¢angprisap efiaficse slog tinesid dielectric
its first.and second ends; and, .an i ppedance o
b h i PRyt o Fa DB epHR o dapracteristi
ﬁﬂ)ﬁﬁan@é"@etﬁ@éipéaﬁﬁﬁfs{)aﬂ$§c§1§fﬂ%nﬁé@ﬁ)nQTne%ﬁg§! first
transm ssion |ine section and a second end ‘coupled to
t he f amsetondm@nghissian dine seiod that dnsmpsisedof 4 seeond slot in said
ection, the first _end of .saj.d i npedance transition
delerinbotig Segap(atrﬂl?ﬁ_r%lﬁﬂ%rhtwea@ﬁ%mvg&& &Sy ABe ends but
hi@ns 8 sld 8RLa Qb ridtiG i RRGLB BEG LA AV Rist hﬁ’cpse%&g&'e%@s; and,
havi ng said second characteristic | npedance. 2.
t r ans an §Bpalanéd trmsition shétiin dfiteguensyn dhé,fhavianta fitst end coupled to
i gnal s, and _havi a transform ng, i npedance di spl aced
e e Y o o TR SanoE, € PLACES o o
6 dasd 09e i el i . ficr sty .Sl -
SRTPY on] Mon s SR e SHRTH IR Bt Al ifpRlneg siion
s@tiontaeng said siadt dhfractstistid intpedant) theisdrand agl 6f fietinpedance
second opposj ng surfaces _and a bottom between the
frﬁ?%fﬂowag%f&y%ag HifpersrRd chasagtertsdls impegaRcepposi ng
surfaces of said first slot section being spaced apart
fromeach other by a first intervening space, a
Adransmissoh Ieifor HiphSieqaadyletaactiabppads agl dvid 86 eSnsforming
gac ha%hnq a c&nduct i ve surface caé)abl e o f carrying .
BRRsdppgecdisplaged alomg thespnprpssion ling, said Farsmisiombne sgmarising:
first, ahalasd &hishi.c i npedance between its first and
second ends; a second slot section in said dielectric

subst a firs skt setibaw sid HieletricvubsttckitheMidtandS8éddnd ends, said
gecond sl.ot section also having first and secon

d
phoet srgtienhadretirshare scard prrpsHgsdess enda bpitem batween the first
aciﬁf%@gncpc%ﬂ)gﬁ'ng GurFilel AGEEonrd&hg sORRES gf's%icis H{SI @8% Seon being
secC S Spaced apar rom each

sal ot sectl on “bern

siabet agayt feors eadnathéntyer fistinfgvanacdaca aPportion¥ £iid Hadt dnd
first and, second opposing surfaces of said second s]| ot _
$6CPNG MPPOSHIITUHaGES ﬁ@chahavmg a conductive surface capable of carrying electrical

signals, said first slot section having a first characteristic impedance between its first and
second ends;

a second slot section in said dielectric substrate also having first and second ends,
said second slot section also having first and second opposing surfaces and a bottom
between the first and second opposing surfaces, said opposing surfaces of said second
slot section being spaced apart from each other by a second intervening space, a portion
of said first and second opposing surfaces of said second slot section each having a

conductive surface capable of carrying electrical signals, said second slot section having
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conductive surface capable of carrying electrica
signals, said second slot section havinga second
w@b@sacwes i stic i npedancebetween its first andPGEHUSIVA4/043881
ends; and, an inpedance transition section conprised
of a slot in said dielectric substrate having tapered,
GQBEHAAIchY R cRARASIRASI¢e haREn it8 &t anAREAMIGRds; and
transition section having a first end coupled to fhe
secondn engedsincs tamitionrsseticsl winpsised oo a slodimdsdid didhestric substrate
gavingla Seco end couFIed to thﬁ_firat end of. sai d. havi
a¥p iprsTes, © HY5PPPOSINg SYTfecet, Sy dmpredange ranstiiog shction having a
O . . . | .
B B PRS0 otk  second
sad doupigakdahe Brst emhsf daidmecarcd dteactiary isaig fast ¢mipeftaiidmpedance
equal. to said second characteristic Lnpedance, 3. Th )
{BHEoR Se5figh %F‘YIH% o fmpgdaRc eatiak A anie ke s dppgdance, said
S of ud B fedah i ghon SERPR RS ag a1 bRaid
seq@ndlchpactessticimpélincetr ansm ssion [ine of claim 2,
wherei n conductive surfaces are conprised of at | east
one of: netal plated plastic; vapor deposited netal;
& IPI%QSIHEEi@{l 1in8 of d13h E,R?ﬂb?ﬁg%?ﬂd%gnaﬁ RreQurfabd ilsid ﬁr(sf and
erein at least one of sal Irst slot section, sa
iseqoad alut gedtioan snd inapidimptdamoe aadkitian secsion anddiffeedntial signal pairs.
section, is at least partially filled with dielectric
material and wherein said dielectric material also
' i StiC i : T .
A5 SR i WA GELGH! 1 bTRSHARRGe iy ot o
9at df: nhdtsltplstbd plasiteg Wiyeor depaitdd hiepgdaoheal neahsi ti on
section and said second slot section, have opposing
surfaces that are substantially orthogonal to the
996 "t@ﬁ&f?ﬂ&% e 8f LM Q,fwtfe?éiﬂ a§1eg§t oﬁ%@ 'Sy ﬁrg?élﬁ't section, said
i'mpedance transition Sectlon and sald second slo
$10p¢da@be transitidresetticnsii safll setord it so&ticd, as 50 12ast pheiady filled with
t he opposing surfaces of at |east one of said first o
dicectiematesial anghyhpreipsaid dirdectnie material also determies ghypacteristic
ig'gbiggond sl ot section, are linear. 8. The
ransni ssion line of claim2, wherein the surfaces of
at | east one of said first slot section, said
i mpedance transition section and said second slot )
Jée trapymissign e of ¢lpigns, voherqin at leps 9amiof spighfirst flet ssetion, said
o] aj in.the t.om. of I '
finphdhs B oI U B 50, LRPF gRoshl fyfpoes that are
aitsktftially sahesRGablohe SRftkpding Bottda oPbaad alot sdfionSsaid impedance
circuit board con risin% a planar dielectric substrate
agsitien sectinn ardheaid serondslpt sestions| ot section in the
dielectric substrate, said first slot section having a
first end, a second end and a depth less than T, said
fThe Stanshigtiot €6 E bOElaiRaY) wigkréih 15 oppBeinSE0efa esafR® &abithne of said
and conductive side walls and a bottom between the
first ot serdion evairh R pressitiagsition section and said second slot section, are

linear.

The transmission line of claim 2, wherein the surfaces of at least one of said first slot

section, said impedance transition section and said second slot section, is non-linear.
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10.

11.

side walls, said side walls of said first slot section
bei ng spaced apart fromeach other by a first

WO niosgEes ng space, the conductive sidewal | s bPCTS2004/043881

capabl e of carrying differential electrical signals,

t he spaci ng between the conductive surfaces, the
diheltRGéthis§ioh lind 8f Elaifr 2 SkhdrBin@he BoHJIAY 0SRACEs e of B&d first slot
area of the conductive surfaces determning a first
cptioncsaid mpqdanqemsuann gegfonsail daiflise@nd sloit sestat, iisomyn-planar.
second sl ot section in the dielectric substrate, said
second sl ot section also having a first end, a second
enéiraithrdeRiftislpSSplhia Uidectid bR AR dﬂ Plhidaeld AN

al so having first and second opposi ng and conducti vée

si de wadlrbts QirSdCt@nbmﬂteGhelbanmebstmfﬂaeseﬁd fisst shotdest@achu¥ing a first

SREe i i pl AP EE et berid BroAleiSsehion PRURE Byet nd second
2BpGNEh Adl‘ltc%hﬁﬁ‘dﬁwe Gide RASIS and Q%}pﬁ@lﬁ%\%ﬁﬂe}{ ‘:{Ihg' Igual Isg'cond opposing

bel ng capable of carrying differentia ectrica
sidgrvedlls, saidhedepalt ofpatefinedot debitorcioioly spiziceé apatt ﬁaﬁﬁ&ph other by
ielectric in_said, second interveni ng space and

t
B G E oG fercc R dardichus Sue g G rgrng differential
SRELRA &Qﬁﬁ@%e%?h«?ﬁn%ﬁﬁ%’?%r&ﬁd&fnvé Shhdds’ #k d#algcilt%cé in said first

section; ance transition section
fniteryeniag spave eod theapposfithgemiddetiwiasut facd eletaatinines firkt st

d second ends, posi ng sidewalls at said first
a%?nﬁtﬁémpﬁ‘gaélﬁ%ﬁg% ‘?ﬁ’éﬁ% Ipt $ssHOBect i on nat i ng with
an dc f
Soct | PR St sicn B A bt ol ke Pl logpogip alo
hayieglaffice ehd,anstdridendsadtbidepthitedsitheh Wisahd seudng @wo k&ffion also

Lo th Sld wal | s of the second slot section, sa
and sexpad opRgIgGRd coRiusve vige wallg apg |ashottom between the

S s g éegzgfr% B@ﬁ)ar g@ﬁg%]eﬁfsr Qatld Eltdg VJailE 3% a?ci] gf:@orlll% sli]o% 8cqg)n being

teris

graded bpeet ppesdnghaitde s@blh&;m@efrvédﬂ% spapeths @6nduct1ve sidewalls
r.ansit n section heing tapered to transformthe

HBE Senable ofcreying difteasnti! gieciia $&1§@dﬁ\@c@aﬁm§rb§tw¢6@ﬁhe
S&fdub @Rt X%eﬁ‘lfe'd‘i%ecfnllé %Osa?(fl cgl?d:ﬁ’lﬂs%e o‘g‘% Spase athir hl'ée area of the

circult ereln sal

smrdﬁlam:\&ssuaifaeesdiefeﬁmrr&mg 4 sdcond ghah@earisiis 1m§édaﬂ'd%%f Ghid ikt slot
board of claim 10. wherein at | east one of said first
8°HPA8€t i on, said inpedance transition section and

said rtdally fil

o2 9 SPEIAcRlnh ooyl L3R A Gnlbld.
bétwiem itOfirshvinet eond dnels sthed epp@idgssidfals al eAtHNRIYT the

said first slot section, sald inpedance transition

RS LERRGILIOR SeFon ERHABSYiHh andeconplsd to theesidewillsrof therfirst slot
élélaﬁo& 't{i&%ﬂsﬁosﬁg %&aﬂ £ seﬁ{ij @%Lj&l& %nd p‘ﬂ?le %lnyec{ance rla(:rjlsel’u\(/)vréi‘t sec%on mating

of at’ sal I'rst’s
with and coupled to the 51dewalls of the second slot section, said impedance transition

section having said first characteristic impedance at its first end and having said second
characteristic impedance at its second end, the opposing side walls of the impedance
transition section being tapered to transform the characteristic impedance of the

impedance transition section between its first and second ends.
The circuit board of claim 10, wherein said conductive surfaces are differential signal
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section, said inpedance transition section and said
second sl ot section, are non-linear. 15. The circuit
whoasaewds cl ai m 10, wherein conductive surfaceBCHDS2004/043881

netal plated plastic, sputtered, vacuum deposited
metal or etched netal. 16. A circuit board conprised

pairs. of a planar dielectric substrate, capable of carrying
el ectroni ¢ conponents thereon and having a thickness
T, and a transnmission line formed into said planar

el ectric su rate, said transm ssio i havij
12 OO R P S B dRe B ORGSRt T efpspid
ShipedSRE tiafftibsdclibn RhARAI sédbhd 86t decfios Ub st Fe@ét%aftﬁ@l?r filled with
fornms a first transmssion |ine segnent’ wth a
dhielectdc sratetal.c | npedance, said first slot section
having a first end and a second end, said first slot
section having first and second netallized opposing
13.  SHfi0Bi bdad cRiRA0! FHEERINESHe Wﬁﬁs BTE Eas"i‘ %ﬁ of Qﬁﬁ' Girst slot
opposing netal l'ized Side walls, sald wa ?s 0
settibnf said impédanceseatsitom sbeﬂomgarmmaxclesdcambsld)t dection, @ hinear.
other by a first intervening space, said conductive
surface capable of carrying differential electrica
14.  SFHN@cSit b@arﬁ%‘f@ﬁﬂnslloo%ﬁé‘éﬁltthé’ﬁdé Qafl 06 £ BY dl@m bne of said first slot
dielectric substrate’ that forns a second transm SSion
| secteons sgdrempedantditransgencactionmd aaidesecsid doti srpeig peenon-linear.
sai d second slot section also having a first end and a
second end, said second slot section also having first
15, at AR6R Bﬁarﬁ%?f@ alrh 480l RABATCAG 6 SultBlds BrfithaR n RRL! AAic,
between the first and second opposi ng neta B4
wabittaed, vacwins delsited hnetabbr ctelied Betalond sl ot section
bei ng spaced apart from each other by a second
i nterveni ng space, said conductive surface capable of
[ : 3 .
16, PRCEALR L BLAR T pRLBCAHEER: ST AR, S B Bbining gleotronic
KhaqmnmﬁsﬂmﬁmhaﬁéhawngaﬂﬁdthﬁTfkat end of the second
sl ot sectlon I d I npedance, transition section having

a firdf a@ﬁl&lﬁmm ing fpigned; iptersaiddange disl paiic subsirpice saeé éransmlsswn
3 ndvi g %Qﬁﬂsﬁl:ﬂln%p%g@@anﬁé ‘t?‘e%‘f nﬁll}?er %%taq{xjﬁtsglé)t section in the
i npedan sal 0 ance anSI sectlon

fplaat diatedtrkestbstchtohpofirng a Sird eramhisslontli'me ssgnaitaiuﬂoél first
L which is tapered, tQ provide a varying |ngedance )
SPhegeT e impadinceoridhistslptysetiembaying a Hsst epdand aseqond end, said
[ [
B8 eSS p REAALE G LY BRSO 8 o b

(bemmleﬂ thd firssaidketondsdppdbiag nsedlizedsidesahlts, khidSide walls of said first
eggctronlc devi ce havi ng an_input |npedance
St e haanﬂ@pwdtaa@t fffPP’sftaCE ﬁﬁxeaby @ﬁrgttmf@rwenﬁw’m said
ductive
et S R o SRS S SR ! ReBIR 2,

| n p ut aiseqexdaiut 8edtivhdh €tk flenas dietecabcabdireBaliadhefd $idcond

i npedance,
transmission line segment with a second characteristic impedance, said second slot

section also having a first end and a second end, said second slot section also having first
and second metallized opposing side walls and a bottom between the first and second
opposing metallized side walls, said side walls of said second slot section being spaced
apart from each other by a second intervening space, said conductive surface capable of

carrying differential electrical signals; and,
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17.

18.

19.

20.

17. The circuit board of claim 16, wherein at |east
one of said first slot section, said inpedance

WO eas®eoHN secti on and sai d second sl ot sect i PET/USHOH043881

| east partially filled with dielectric material. 18.
The circuit board of claim 16, wherein the side walls

of at af, §ApddaROErRkitRAIsEetfdnbetwshabe $R6Ad MY oﬁﬁé Cﬁrst slot section
i npedance transition section and said second sl ot

gt thedirst endeof tHerseeond sl@ sedtion, gid tupadaheseransiion deaiion having a
ast o

6 i d | f, at
Fi b0 G adts ettt Trdatin bt Assaiiond heSBigmighsocond
@ﬁ‘ﬂfa@t@tﬁ&c%ﬁ@@&ﬂc@ |sQi'ii 1%6&41@9 trafdifor\QBribt RAAe ik -and Récond

circuit board of claim16, wherein said conductive
sppdsagesdawallsg) ﬂfefSepiﬂ'HMOIHd)f etk &.tapered to provide a varying impedance
along the length of said impedance transition section;

a first electronic device, mechanically attached to said planar dielectric substrate
and electrically coupled to said first slot section, said first electronic device having an
input impedance corresponding to the first characteristic impedance; and,

a second electronic device coupled to conductive surfaces of said second slot

section and having an input impedance matched to said second characteristic impedance.
The circuit board of claim 16, wherein at least one of said first slot section, said
impedance transition section and said second slot section, is at least partially filled with

dielectric material.

The circuit board of claim 16, wherein the side walls of at least one of said first slot

section, said impedance transition section and said second slot section, are linear.

The circuit board of claim 16, wherein the side walls of at least one of said first slot

section, said impedance transition section and said second slot section, are non-linear.

The circuit board of claim 16, wherein said conductive surfaces are differential pairs.
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