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WD 2006/ 065669 PCT/ US20051044730 SI GNAL MODULE W TH

REDUCED REFLECTI ONS FI ELD OF THE | NVENTI ON The present

invention relates to electronic interfacing and nore
WO2PR/HG68r | y, an apparatus and net hod for PCT/US2005/044730

substantially reducing el ectromagnetic reflections in

a signal interface nodule. BACKGROUND OF THE

| NVENTI ON i n the manuf acture” &f i ntegrated circuits

(1Cs) and ot her eI ectronic devi ces testing with

automati c test equi pnent Y(VATE) erfor nmed at one or

more stages SE¥4He MOUEEANT THHREEEED. REREECEENSng

systens typically include a test head and a probe

card. Packaged part testing systens typically include

a test head and a device to under test (DUT) board.

The probe card or DUFIESnOH THECIMYENIION patt ern of

contacts for electrically probing or connecting to

por tThgmsesent itventipe gelales do @lactignic. intB@cingsandeare particularly, an
apBQﬁfchéH@ %e&%odfo'r ‘é@béfé‘ﬁﬂlé?”ﬁ'eﬁﬁ’aﬁ&ge&reﬁ'!ab h@tlcplre‘?@&l&‘%r A a signal

board to carry out * particul ar teSt procedures

'"WPFFF MogHE- 1 C. In the course of a test procedure, the

test head receives O‘étg?g‘ih\l Si naI s fromthe IC via the

contacts of the prEl%:é( IEU?IM’EHUQ'\H. The out put
signhals are, indic f ectrical racteristic \
ot She’ 1 & i BantPitre oFinBaRied R BPH R EhEt Hedmpic
det/llces,ttestingwmu aat@mativ uqa’eéqulpmaﬁt (AT ds perforaned at one or more
t . i
s é)'é iﬁzgﬁ&% ng{t &gﬂ'ﬁ%%g?ctgﬁ'v t?gl@é\ a; |'nEMB%fF t%@tsltnegd and a
pr@nﬁjwﬁ tPﬁékacgeétpaﬁ'é@gtlrnwstb@sdhmﬁajkydnﬂ@@le ditestdreagtand@sdevice

un@@ndtés?@ﬁUT)pﬁc%Q@d%@%roti'eﬂ‘ara_ he IjtﬁsiSoa'F@ﬁ'Q:ldo% attern of contacts for
el ectrically coupled to the probe card or boa

elegtrigally QﬁOtr"Pﬂ ef F%‘E‘@C%\%Hr HPG@“S?ﬁé“ integrated é'f%*pamﬁ {gst head is
coffiyuree to HAve QXBOIH ®ntactg Of tha HrBBE thinor BOT beanaqa&etry%t

et R afhttsucs PR ik, TaAPEERueE o e 38k dIBES i the test
heatheedepsts dugad, signads from thedBevia BredcantaddiJof theaprdbe Thel or DUT
5oBRRCTHD bl AGEHAES AR P LSRG BAUSEL SUPAEIC urcer

Ins re spring pins
teSés Thiegivabe gard arNinepare midddhetest head ase enguelrepafioyred for a

pa?ch&l‘i‘érﬁb‘-‘éﬂd' Yh sGAERLRC 8 HaRGduTaraRst hiecdiupbe A‘é@dirglr%ﬁy, BT probe
oard to correspondi ng contacts on the test

hea The
Caeqo?r. RYT Perclcans of Hie tept ey HiHASdHENgRged SomdiffRtest ACS and test
predediiggsm ty of electrical contact between the various
contacts of the probe card or DUT board and the test
head. Wi teitehdadss eleetritally dopplod o thar probe cBXdTobDAT Hoard with

ana}lt\t%r&rc]? %?ﬁadramst hTﬂehlﬁtel?'%%g taﬁ)@a};at@g}n%§ebre \‘J}geﬁﬁgjﬁéduarw%r% insertion

pIns, hs res
forge Speketgr ﬁd‘pggo” un|t A pogo unit engages the test head, or some intermediate

coupling structure associated with the test head, and the probe card or DUT board. The
pogo unit includes an array of spring-loaded contact pins referred to as Pogo Pins®.
The spring pins act as signal and ground conductors, and are arranged to electrically
couple contacts on the probe card or DUT board to corresponding contacts on the test
head. The spring force of the spring pins helps to maintain uniformity of electrical
contact between the various contacts of the probe card or DUT board and the test head.
When the test head and probe card or DUT board are engaged with the pogo unit
exerting pressure against the spring pins, the spring pins respond with a spring force
that enhances coupling pressure. The resilience of the pins generally ensures adequate
coupling pressure despite planar deformation of the test head or the probe card or DUT

board during a test procedure.
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t hat enhances coupling pressure. The resilience of the

pi ns generally ensures adequate coupling pressure

despite planar defornmation of the test head or the

WP BHs/06368 or DUT board during a test procedup@TnﬁﬁhﬁﬂM¢Bo
2006/ 065669 PCTJLi 52005/ 044730 2_ In many

applications, the conductors are required to carry

signal s having very high fregdency conponents, from

100's of Mz to 10 Gz In the near future and to 10's

of GHz in _the nore distant future. Accordingly, the

transm sst@MANYRPPHERiIoASE el enidoctornredancieedfo tdrey signals having

vsnygngh fd%éh@nc?eéo\ﬁ%ﬂ?ﬁ@efrgﬁp?% € aF ngQrt?__ Gﬁfﬁr&\e ;- future and to

rrme 1 nterest

1@ P gh ﬁ‘?—?zt IpdRe e S@F%JHtLFﬁeA‘fC@é‘i'n@'b’e'é‘lert@@ﬂs@@ssmlm lintneharacteristic
inisadatiee betl’mgsugl%tp@tih béth%eﬁ hae %@(St%éa?’& bf D'U'ﬁ)&ﬂ?@ %ﬁd e test head is

Sed N he, si shoul d be cl| ose
ot mB R ol SloBBisaftatioqtiiann Mg 4 gleatropies Rid the
d¢Mseebeing tesies, the thedarestic impemmlf all 2famérfds irPthe/signal path

Ig" ge tgﬁtgé‘l\%gr%féggag%ﬁsgell g qesgr{aﬁtd Eﬁﬁtrpzlgﬁ{?@@agg have the same
InRegPnad dor axampele 28nE0; ot 25 D@m, tWOghi mhmyﬂm:r@qﬂlrg@ &hat several
differliHt SR 1eY R CRAbYe RS e%'aﬁl:gﬁg idy E\ t'haﬁa |'r|en|8gerface

structurally support e et ricar transm

These di eAﬁE‘iﬁtbﬁad@stl dl%oﬁjlﬁés"fﬁg llf‘@mlpgcl ec%lekﬁ*% m%ﬁeﬁlgls to

ﬂtl ng boundary between ad shT SSi on
StBi 2 WY SUPRRIE eLﬁF@tsa' Rfareg@sapaélm i hiogsei diglettnictrhaterials provide an

eletteicaltt igsilsting bbliﬁ&éﬁ@Bé@ve%an&Qaéé?\@ tl%ﬁ&l'?ns@fontln'lt% elem?nts, but also

EEQ% LS54, Di scontinuities in characteris

B N SRR {]%-%@ B CPRRSIRTSUF dPrdanse cland Redith of the transmission
llﬂﬁin deiscorainluéiesfif ebdractehiatic irﬁﬁéd&dﬁe lal&n@%ﬂﬁﬁﬂsrﬁi@,ﬂoﬁ Gihk @Bn cause
urﬂ%glrgﬁl‘é'eﬁ’g&z t"\gtv {;Iud? zr?ﬁng'ere @e‘:t\é?atcﬂe 'F'evvFﬁ l@Helér eonsequent

ransm ssi on coe
depfega@g@ icapsoégséanconfficiant davels; amsresf whick\se¢ edqededytiipendent, that

caD8d QR IBREIES cHSiel Hé%%arts:g cfelgﬁmﬁtnt%p?c! t gsglgﬁa’“rr:t\égrllanqﬂﬁe signal

per

m@‘ﬁﬁ? 20t disi ability o perfarmediTy signsil icbarerienization.i & manysapplications it is
thdedesiedyietd Eénﬁcﬁﬂé&ﬁ@ réiitibRE be EFeb@B‘nQﬂaQIfnetﬁJ f‘?&&.r gmg%rbﬁagate

ate 2s hr ou anc

thrc?ugl'é'o Fl"ﬂﬂ???%g% BE%’&“'B?S £ e&ltfyf F|d;1]f§]ermge¢ilg@[ctricc:onstants
t SUMVARY T t
?g\?:tnslnoﬁ I s enbodi éﬁﬁ\"h“% é%ﬁ%’%&l}@ ]E)g(resen

el ectri Cailﬂez%rag%}\té%\;e?ﬂo e%eg1 p éralta?ﬁcérg nl Cdél‘?g ¥or e?ectrlcally

The si gnal I'nclu
'“%Efﬁﬂ'ﬂ@t\’ﬁ?h ax eteatiemg dtemceugheaslm frecciglenincluldes a dielectric and a

coMLﬁdtﬁﬁéitéﬁdma'ﬂﬁroﬁ&ﬁ faas‘iﬁfagé of ll?l’?e HlefRlBRl it LbrpR Sf the dielectric is

rom perpendi cular relative to an
'°CFﬁeéjaE‘6%%8F%Peraﬁ'ad'Fl§a'r tRdalivedto aynads obihesgpnductor and is located
bagdceot arsgm@iniaynktie fidldirodUeRtaSs rasultastH SigRdl rRwHPARbugh the
co,{d&%rng t hrough the conductor.

The present invention is also embodied in a method of transmitting an
electromagnetic signal. The method includes the step of providing a signal module.
The signal module includes a dielectric and a conductor extending through a surface of
the dielectric. The surface of the dielectric is away from perpendicular relative to an
axis of the conductor and the surface is based on an electromagnetic field produced as
a result of a signal flowing through the conductor. The method further includes the
steps of providing the electromagnetic signal to one end of the conductor in the signal
module and transmitting the signal through the conductor.
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The present invention is also enbodied in a nethod of

transmtting an el ectromagnetic signal. The nethod

i ncludes the step of providing a signal nodule. st The
WOi280e165¢p8dul e i ncl udes a dielectric and a con®@CEUSR005/044730

extendi ng through a surface of the dielectric. The

surface of the dielectric is away from perpendi cul ar

relative to an axis of the ténductor and the surface

is based on an el ectronagnetic field produced as a

result of a signal flow ng through the conductor. The

met hod f ukhersesant dnyaéionts urther epodeddh @/sighah gonnpstor. The
sigafesrirEBd el idesH GRRICtAOhANG sa&rﬂérstm@pr@me%wach Bf a first

e signal ss mudule and {ransm (Hing the propal O
indRddsUiS2etuctrs 4HaCextedsTtheoyyheihe tbunteyenit bbthel st surfdaarof the

aiRfEaBd o el o R SEr e ucBtn L PR fE  Be gt
preddés miecharfical suppca'ta td theecanddctar.s €b® nourgarsinksare ppoddeadeat a
be%‘lea ? |at;f‘\}é[t& U Caxid BPH&J %ﬁahctsﬂgﬁkﬁiﬁtcgfed%a%@d oh %‘ﬁ' UdeS

at exten e countersink
eletCﬁr@nfagngtnc §eldfnreducsd ashr resylterl éaigma& flawingt theough the conductor
countersink of the second surface of the dielectrijc.

The di el ederRresentipandies inguHercewrdieddp s $i9rad mqsule. The signal

m&dnél mttutlres aTﬂ]@ra:iﬁWGﬁ Stfrﬁigrﬂiﬁs aicea Iﬁfﬂ\dgd@técaﬁd astalhem:ap Each
e relative to an ax onduct.or,_an

e fiegapi B ERekR BRielib: Fehy R R g o Uk S (P PELhnoving @
plutlily ofi c@paterélmm/\pnmgldebnmegth phe ficsd sdefatedand a'ﬂampnd surface
opﬁosg§e t Jr%yﬁl#a'cggﬂ 'dsa éMHIEﬁFEE%%?& le Q‘Fﬂ{e plu¥allty of
cogmermgkqnpwwdadm the firss suripee mmcser:mca'ﬁwéacec dach E%t@iner cap
algoeihél'uﬂgf aGRIR dostioH titHe8d @&Id’lé&td@i@%b %'ortld%aofher s‘?@@b&%fon encloses

uesato ortion aV|ng purallt of

the Bﬁﬁf"étflsqfﬁR@“GbP'ﬁ‘é‘l d&@ RIHralibcef spring pI”"Sr e %%norsaw Higcplyrality of
boP&; PBsheStiVIAC The @PPMBHifkd 41 provigdd stUs bacs ang@ relative to an axis

luraljty of bhores exte el ween the Iur
of B ansistarind Pt e B edhon AL el Emegnpvonge Brdiichy a8 e resuit of
a sleradingd of sighadls 8owracthrowdhaihegriu@ély df&pwhgmlmsn]céspeeuveiy

side portion that is coupled to the top portion. The

si de portion enBREERPESERITHONCH THE DBAVENEPNg pi ns.

The plurality of spring pins are disposed in the
pl ur al i t yThefinvessiossis begprdarstoed §ro folbemwing detailrd description

wHENE-cBH QY icikcadn dithevelacesrabanyi) atavieg.t & |§'érrﬁ19hb§lzed3fhat
t he conductor and | ocat ed bas?d on an el ctror%%net

achrQIr@ 9 oMY peactice, the, yjafioys agurﬁ af ths KAWig gﬂ%ltg scale. On
thé kondray, tiv dinghsiohe op ke ﬂdamdws fedtusgarara@grpitrasily expanded or reduced

fof SR 1 N e BRI e a0ae o SH R oY owi mg
detai | ed ﬂﬁﬁ& ¢y Rt §8e VW& g smﬁh@or%q 5@?%‘ QR WishBwidde

acconpanyi aw ng I's enpha
electromagnetic 5|gnal propagatlon and reflection through the conventional signal

module;

Figure 2 is a side view of an exemplary signal module in accordance with
an exemplary embodiment of the present invention showing electromagnetic signal
propagation through the exemplary signal module;

Figure 3 is a side view of an exemplary dielectric boundary in accordance
with an exemplary embodiment of the present invention showing countersinks in the
dielectric boundary in a vicinity of a conductor;
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according to common practice, the various features of
the drawing are not to scale. On the contrary, the
di mensi ons of the various features are arbitrarily
wax pndesdeoor reduced Le for clarity. Included |ﬂﬁ,{}§2 05/044730
draw ng are the followng figures: Figure 1 Is a c?
vi ew of a conventional signal nodul e show ng
el ectronmagneti ¢ signal propagdtion and reflection
t hrough the conventional signal nodule; Figure 2 is a
side view of an exenplary signal nodule in accordance
w th 2o Rigurexkiss ReTppedtivediavent a nbn\tm:opalemnﬂo coaxial
r Bo, I [ atl on
t érﬁﬁrhgvgérbrpfhez exelﬁfg) aglr@'%r{ggmgﬁpg} %&\dﬁl &:E?lthroﬁ ng terminal of the
PsgHde- cg?’@htfﬁnsﬁﬂsséﬁ@m:ary dielectric boundary i n
accordancFe with an exenpl ary enbodi nent of the
present iHRMEAA 6P ?H%WW%B%PEPB@KR@DFW sigaal module of the

prdsmtemtentucn 92%?8?“0%@7’?‘32‘;2‘5 oF E%ndéfct&s‘%%@ﬂﬁ e0diele¥¥c having
- igure 4 is a
be%gfglé)gg%&gsga e%ﬁps‘?t Ve IAYERY onal pseudo- coaxi al
transm s J OVVI Rg.an arr enent of conduct ors
t hr ough f en<§°J 'tg $n %‘?Ct'g?’ V{el‘?’eo gﬁ%mp HaR§eydo-coaxial
transavissandisieoin ddcorstange gmthan&':eﬂemrﬂaryl aehebadiensefttheqiregdnt
mﬁht%ﬁ%ﬂmlﬁbyﬁ\% &Q@Etr@%eoe%:l éll?qqo%ogﬁ Pl Irgélneg%tdl along the

showi ng_an~arrangenent condu rs t roug H

PSqi¢e-Seda! &fawam's’ﬁgon braiel angles for each respect ive
conduct or ur e is a perspective view of an
exenpl ar y'gé’é‘é%dﬁ ac%‘é'%faépn resuinehined Mg dpngeeofian electromagnetic

snmd:prd[bagmmg\l\nﬁrbug}ntwmpﬁry p%@t?@&“caébﬂﬁl t@éns"rhgsl&ﬁ ﬁﬁ@m

five di,electrics w th bevel angle

h
B S b

transnm s 7|s si nul at.i on ,
the | rrpegla?%gee Ségggr{)%r%% nzﬁn eXelinjY ATE Fibtertac?’ signal
MQsiudp Beeorgnenndbgn emmaa’e’rqm!wamps*euﬂmeqnaseralmventlon and
transm ssion line in accordance with an exenplary
enbodi mefitdU6t SPheapeedentiew m entetoner Eirguitien8a éxsnaplary ATE
intpEFa SRt aM LW A rﬁé}(e‘%ﬁﬁéﬁ?leﬂi‘ﬁ%ﬂgnf Bt ﬁx@&:ﬁ%&e&ﬁ iWion.
15 nodul e in accordance with an exenplary ment
of the presentDETAIEBD DESCREMIONIGH BiE &¢@ENTIORCCOr dance
Wi th an exenpl ary enbodi nent of the present invention.
DETAI L EDFigEBCRdeFtrdiesGrcoREntidNAENTE Qhteriagé! 6@ N3 module 100. An

AT?Z%[%FF%\%%%@U&QQ&@&H scf&r%ll 16%-[,:*5 r%grmt?le%ethro&%asllgn n%deule 100

along spring pin 104. The electromagnetic signal propagates in the region 108

surrounding the surfaces of the spring pins, (multiple spring pins not shown) and
encounters dielectric caps 102 at the module ends along with any dielectric shims 116
within the signal module.

In the conventional ATE interface signal module, reflections 112 of the
electromagnetic signal occur when the electromagnetic signal encounters the boundary
interface between the media surrounding spring pin 104 and the dielectric caps 102,

The media surrounding the spring pins is typically air. A typical ATE
interface signal module may employ dielectric caps whose dielectric constant is greater
than air. This creates a characteristic impedance mismatch, resulting in the
electromagnetic reflections 112.

The magnitude of the electromagnetic reflections increase as the
dielectric constant of the dielectric caps increase. Additionally, the forward
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20 ATE interface el ectromagnetic signal 106 is

transmtted through signal nodule 100 al ong spring

pin 104. The el ectronagnetic signal propagates in the
waeegioencskéB8 surroundi ng the surfaces of the spsd®Bsi00s/044730
pins, (nmultiple spring pins not shown) and encounters
dielectric caps 102 at the nodul e ends along wth any
dielectric shins 116 within-the signal nodule, 25 In

the conventional ATE Interface signal nodul e,

reflections 112 of the electronmagnetic signal occur
trahemissine ce¢féicienvswftane tdss caiigimaHe@nemmdrttarsaitdien through the signal
nReyRdary interface between the nedia surrounding

spring pin 104 and the dielectric caps 102. The nedia
surroundi

typi oal Aflﬁ_gltﬂ’hﬁ?@ﬁ a@gs gﬁ&%h'o@n Mﬂg‘iﬁ’é hipgésrrrg fhrough dielectric
Cafselgcrey ea@hhngggtéorameé@treﬂ%ct@aﬁéi%mtT hpgesyﬂ@m egflections may

pl%QuI:éW@rﬁUe%IréblerﬂbéistQk %@iv@%n%dﬁ'@n@@bﬁr‘d |§|¥1‘5 c Th[]P PRI
| ect r omagnet

PR S e 11§ @"ﬁﬁ'&ﬁ?c{ HHRUET tharenEpRan=bAEgALTPEule may
incletik eahsoEsidriosease cassthkerorfiRlfeht égtingasas.ant  of

the dielectric caps increase. Additionally, the

forward WOt2ope ﬂﬁ&sﬁﬁ@nl?ﬁél’dld&&@&ﬂﬂ%é?rﬁﬁedance of the dielectric with
hé% IS mSdi ?%uﬁ%ﬁ%m (’gﬁg%%ﬁrﬁjéﬂr N tpe?nsptg 9u§a|b2%8ibel dielectric caps

ecr eased ransm ss he SI'g
uging fragerials pf very |pw mielgatnie cortsbant, far eﬁa@ufee Clnipadtrogave

célpbrkigh rili-ebeRitelia h%@@?ev%g%drfg& ?ﬁe ?Jef‘%\ljl a) tenSIIe strength of

el ectromagnetic reflections
thoge materiabnis ﬂﬁé;ﬁuffm%@@ Egishy ezistrin @ecﬁp@iggtraw bet ween

adj acent %{?I‘I n % Thus, the final el ectromagnetic

si gnal %35 duFe alectomaghetialiedions it rBHHE igtejiege signal
mnumalhaveéraytempﬂé:di twleorhpenzatd ﬁbﬁltmcémﬁlvémﬂfeetf kel iélectric cap.

hav
e, 86 BB RleaReEh i ivef A Br 2 e R P Top béen
admsiedreﬁalaeé‘grtrtomdlenganhmpsqimiqegnphchs Attenpts to

fabricate dielectric caps 19 using materials of very
| ow di el €ét IGaccusivst dmn, OrtonuexErApseissiouidnegl aviecy” daal &licrowave

Tf@@FW@"T@EhrﬂHu&"‘l\ﬂ&eﬁﬁEﬁﬁgﬁi p§§%¥93ﬁe)5@a'tr@ditapr@tert &Qheglunger was

i cal (%e nsile stren 0 those materials 1s
TR S bed B R et Ol HESE AL LA 1] S A computer
sifafifativh snddz! terchtﬂ.&:t@:l et E:?Iﬁiﬁgfédtﬂhé ré@meelqtbh%mtSofl tRe &fipered
npdul e have 0. .
AT RS RER I oy TA'3 Db FaBbb PR Romifissian et
ca@alpie Of ﬁlemeltbmelwnSWMBe@prmqny;lcmsrofdl repgirabld ATRsignal module.

portion of the dielectric cap has been adjusted in an .
ef fort t o hechreess |ay¢thp@yg¢msmtej¢ptromagnetlc impedance match by

implementing the condition where the plane of the incident TM (transverse magnetic)

field of the electromagnetic wave propagating along the axis of the signal module Is
parallel with the surface of the dielectric boundary. An angle of the dielectric boundary
surface is thus determined based on the electromagnetic field produced as a result of
the signal flowing through the signal module. In an ATE signal module, this is desirably
accomplished by creating a bevel angle at the boundary of the media between the
spring pins and the dielectric caps. By providing the appropriate bevel angle, there are
essentially zero reflections between dielectric boundaries.

An exemplary embodiment of the present invention comprises a signal
module including a conductor and a low loss dielectric. In an exemplary embodiment,
dielectrics 202 and 204 and conductor 208 are shown in Figure 2.
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Theory & Techni ques, Novenber 1972, pages 734-739, the

di aneter of the plunger was gradually changed to

conpensate for capacitive effect of the dielectric
woeaooe/desednput er 2.0 sinul ati on nodel const rugicg@us206@i044730

conputed the required I ength of the tapered

transm ssion line resulted in requiring an

unacceptably |l ong transmi ssio®1ine not capable of

fitting within the constrained di nensions of a

reasonabl e ATE signal nodule. The present invention

produces &igues ddliustirtepesigoal mpdule26e ageardingoty an exemplary
enh BB @RS trﬁg (pﬁ'&?en? dhiibe M 't.%n@u&glenﬁyaﬂﬁgs Qﬁrotupﬁ dielectrics 202

|nC|dent transverse magnetic
Wo%&%@ﬁ@iqdé"%% ﬁ%ﬁagﬂtqie{gﬂtmwhtaﬁ@lalﬁr:lglc@rl6trna,=y also be

poSit@ﬂaH afBnguhe 1érfgth pRESHduRtoro tpRoidkeruFthet 8GBp &t té Bi%e conductor.
di el ectric boundary, An angle of the dielectric

boundary Arsalletta@raagmettdml@naieuemﬁwwsémsm e éMBof the

exgllng) P%{Eﬁﬁ 'dﬁ ];]'r‘@l S‘Hg{tﬁ ﬁéqen%ﬁlgfélgﬁs gf’ag\l etlcf%r%g%%gc wave that
orapasiEdes Motgts. a)ﬂh of carelugami 208b| The mmgr&hle(tldml desirably
pa§§e%qth'r6lgghﬁde@f§}0‘t‘?ics 389 a8a3o4t Wi G&H%P&gf %192{? O rgglg'n 212

bet ween rrng prns an rIC caps

belyesn Gﬁef?gtrtqﬁezoamﬂdo%m a$l§nele3ﬂél thahiglteansnritted oait ef signal module

2005 hbi@ Ha¥ neF-#hshRédi@f 1dse RorP BhWRRNhEb RIHEGkIdcrics 202 and 204.
boundaries, An exenplary enbodi nent of the present

| nvent i OMTEREETRESighaR §Prblly AR BahdWeibitlinhedGHz region.

S GREHEH B0 255 S s B R Y o o
306z ghdwighen Exeuplan2sighi® rBo8e @68 6&Y operate at a substantially
hlﬁlqlbg§a\ggigﬂ'géﬁl?tﬁg1 ﬁaerg 'Ilg'er% t?an'd}wld‘fl’?t ﬁ%%%(g%réér?%?&nal module is

not fenited e ATE inteviane slenalsm m@haa@s@r forrepheyaanplicaianggsuch as
cofh @t @G thaChcidBe intBhfi dRMediic ﬁ’!%gl‘iﬂntm%l % r%gghamg/ally Isupport

i on i el ectrics such dielectric
e'G&H‘C%&%"CﬁFB%&"m'fbH@ FREFOR &Fha'é? OB Al the Prerpgation of
eleptromiad@eticislghels thatPReEtthicughhtBe@onductor. 5 An

el ectromagneti c signal 210 nay be sent into one end of

t he exelﬁmgmﬂyncxiljgirlad)o gioaluh eereTﬂ)Tesefitedtelmmgﬂeﬂ iaé having one
anglI o tt@s gwﬁh%?“%qﬁ%#%%\ﬁﬁﬁ% g dielectrics
203 jagflad O4derei atdbe yamp deyelsandie ag@hAkﬂhcmgécdrelecmczzm 204 show
on@%é"édrmlh'tw@{ Whﬁ%orﬁ@ ﬁ‘Flt.Heoé?én‘l'pfér{l%%%'al%%gt all surfaces are

bet ween di el ectrics 2 and . Stgnal 214
desiralily af pSRECIHEPevS aﬁg'ﬁn Addigrnally qiglecigs 383 Wb?‘%ﬁ q’f‘e\% show one
sedrfeht 6 hEIsPELIAE bb RS Snh IO NInRa&tidgtHa Bevag En?é% 8G&bhic&Sshaped

o R Phrehs mehF s SvendnbiE Aeibative Yoo -
dest T ab LORRAES ] Aghes 1 SRNEARRAL0LOD APSLIRRN. Dia and -

seqppd AuETaze @0/ Aogpadacter a08@asm§hmgh aﬁlr$tysurface 204a having a
countersink 302. Countersink 302 is desirably at angle 206 relative to a central axis

along the length of conductor 208. Conductor 208 further passes through second
surface 204b, also having a countersink 302. It is desirable that surfaces 204a and
204b each have countersinks 302, both at bevel angle 206.

Exemplary conductor 208 may be included in a pseudo-coaxial
transmission line comprised of a plurality of conductors. Pseudo-coaxial transmission
lines are commonly known by one skilled in the art.
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spa%%Aé Hgtamc@%eép% asgﬁjmé s, ldhatihi ﬁle?ei:@xri@{:cﬁ'\st rb:]f“f:ﬁe ?rk]&lla between

carries rofagnetic signa
ther Bige- Jpeimefi @ﬁwgow}zthemr@e Pifise and heaer) sendustas 3d8onrdgion 212,

is t9pIthAY akl OtAS4madis rﬁaﬁﬁkrdd%éﬂtﬁéﬁ‘ deetirdetedidi With 3 1001¥ss
eudo- coaxi al transm ssion

ta nﬁéﬂ&a"drﬁraﬁeaﬁgqsrwrmg%em@m'rag?cmceqoaﬁtan

Pota for EEPRNEREnRBr Qe PR VAT Gk 4ol Tt perate with o
plahat elentici fisihecta! feph ameslédtedreggragtic sGpTa, such 35 hut Hoe limited to
TMBY & el 1 war\‘/\éj'ngédegrfor g cﬁlé’&lal g%ﬂrn&QCtaQrﬁBEHegt bt &nductors forming

arrangenent
a tygnggnission line, or TE10 or TM11 wave modes for a rectangular geometry of

conductors forming a transmission line. The exemplary signal module also desirably
operates with electromagnetic signals having distorted electric field vector. A distorted
TM field vector may occur where conductor 208 is a pseudo-coaxial transmission line or

in other configurations.

Dielectrics 202 and 204 may include dielectric material having a dielectric
constant between 1 to 5 over a frequency range of DC to at least 30 GHz and higher.
The frequency range for which the dielectric constant is desirably between 1 to 5 may
be substantially higher. The dielectric constant is desirably constant over a preferred
bandwidth. The dielectric constant value and frequency range desirably depends upon
the application of the exemplary signal module. The desired dielectric constant value
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printed circuit boards mcrostrip transm ssion |ines
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the exenplary signal nodul €.8 Signal nmodul e 200 may be
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t
the 0 pl s el i Ry R B el oy cond the
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electesmagidtic wane aodditionke property of a Ioss tangent | ess

The angle where electromagnetic reflections approach a minimum value
may be calculated using the principles of a Brewster angle. The Brewster angle is
common in the art of optical and quasi-optical systems.

For parallel polarization, the Brewster angle, 8g, exists where there is an
angle of incidence upon the dielectric at which the TM Fresnel reflection vanishes for
nonmagnetic and lossless materials. The initial condition is defined by Snell’s Law as

shown in equation (1).

£, sinfy =g, sind, (1)
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GHz and higher. The frequency range for which the

| oss tangent is desirably Iess than 0.1 may be
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in exenplary signal nodule 200 may i nclude
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to the present invention, an el ectromagnetic inpedance

match at the boundary of t wo |aW|th differing

di el ectric constants nayt2pé€ Ba-c ed if the plane of

the incident TMfield of the e éc tromagnetic wave

propagating along the axis of the signal nodule is
knowinAs| Brewsler s Leweansiybisally efpresreddissbedawri ¢ boundary,

and the boundary is at a specific bevel angle. This

bevel angle is determned from ngle 20 where the

el ectromagnetic refl eCtl@m‘“an'p o%; S a zero val ue. (2)

The surface of the dielectric exenpl ary

enbodi ment is desirably snooth and contains a

straight line parallel to the TMfield plane of

i ncidence where they intersect and where the

el ect r ondgnéhe wamWarymmeéeBoﬁﬂ@@gr&thdW tA¥ibdvel angle is
deE@ﬁden%ldBf) the Qlfe ttﬁﬁce&ipg}%?\ @%%g%s rH:elFIYe 8ienactrlc contstant of the

an ISOSUI' ace O
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may be cal cul ated usin princi p es of a Brewster

angl e Thae @r@)@&bﬁén@l@%ﬁphé’ed P ERRALdN® B&/elaé%sumes the dielectric
gﬁs??sahquas -opt i cal s stens, For paral

R gle ke éﬁ%F%“d%‘V't\é?P%tase fpRMagnetic. The
quvﬁ@eteangie huses 89 nezagirey i6thd meled&rtcmatwam"t lhi@l(ﬁh‘ EhLEsEY Since it
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le€GobLAtic(rblectf Q6/,06566
R Ca2008) oiitﬁoccdn\?%@r%eatgea iy é{%é‘)et 'ﬁ@ 39@@ ct r‘ﬂ“{%‘?“ 2as

constants of regions I %nd F aPee{—v—.vely—and Or is
the refractive angle of “PegfBn $\¢2 ~J/&,)74 - (3)

This approach is known as the Zenneck Surface Wave when the incident
medium is lossless, such as air, which is the medium 1.

For determining appropriate bevel angles and surfaces for particular
applications and configurations of real materials regardless of the loss tangent of the
dielectric and the distortion of the TM vector resulting from various configurations,
commercially available modeling and simulation tools such as Finite Difference Time
Domain solvers with three-dimensional capabilities can be used.

To accommodate distorted electric fields, the bevel angle is desirably
further modified to account for the distortion. Therefore, the bevel angie is not a
classic Brewster angle, but an angle that accounts for electric field distortion caused by



15

20

25

30

From si npl e geonetry, it can be shown that OT = 90 -

08, it follows that -6 S1110, = Sa Cos0O, tang(c)

known as Brewster's |aw and typically expressed as
woeiosweboa?i - (2) For the exenpl ary enbodi mentcaius2603/044730

signal nodule, the bevel angle is is dependent upon

the dielectric constant of the dielectric, the

dielectric constant of the metfl a surroundi ng the

conductor and the angle of the TMfield vector from

ekee romagnetic. i; aat propa ting
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vec esul INng rromyvari ous con guratlons S

CONMMET Ci ghL Y radeik #rﬁghﬁoﬂﬂﬁj&? Bé‘QXt@H&jecﬁorﬂJ!; ?hbl%o&@l@lvﬁth multiple

such as Finite D fferenc Domai n solfvers w t
CORGHCERIS GRSHERRW b Il 'Qléfﬁéabf'glifq §§h9‘aﬁak§éosés'5§8t'°w portion of one end

of am&mda&& 50b SMmt réd:oaha@tbrs soi | sYadkgnd sdtsse]gmwalthﬂfugh €he
ccoun or

aceicran B00 dn b oty BonehmonicAcaRiRdo r GEMAAY embodiment of

the pasentcinBereist er angl e, but an angle that accounts for
electric field distortion caused by WD 2006/ 065669
PCTI US206&u0a 5 &30ws begeltdnglasy§is, 6l 0cod duiet @rrespandingto

coﬁd&&?rg%zcﬁéa-" &Md Sa@nHd é\&é?%ng‘ég?lhusirﬂél&dcﬁér%‘?ﬁbr% dcirately

ectromagneti c | npedance ar e hose
depigt th@e&wnlqrmwaapn ghbgve) apgles oRehe idigcinesiriageonThe bevel angles

ardl@&difad Ry dbuﬁ'\@éiﬁinkESn 'ﬁlﬁ’éiufélé‘cQM Offthd huRfA@ BintE@inks are desirably
electric field. di tion in order to accommodate

ad%aﬁsgtetocqul?@ﬁeét eac ot er.

The conductors illustrated in the embodiment of Figure 5 may each
represent an individual conductor of, for example, a five-wire a pseudo-coaxial
transmission line such as illustrated in Figure 4 or other transmission lines, or signal
carrying connector. The exemplary embodiment is not limited to a device of three
conductors. The exemplary sighal module may contain any number of conductors in a
planar or other suitable arrangement. The conductors may be spaced apart and in such
an arrangement to provide an appropriate characteristic impedance match to its

connecting devices.

The bevel angle applied to the surface of the dielectric for each respective
conductor causes the electromagnetic reflection along each conductor to approach a
minimum value. The adjacent channel crosstalk, both even mode and odd mode,
decreases since there is no reflection mechanism to contribute to the crosstalk.
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5 At the specific bevel angle value, electromagnetic
reflections approach zero. The transm ssion out of
t he signal nodul e subsequently inproves to a high

wetoeosse® it is commonly known fromthe conserp@tii@Rososa730
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pgonductors illustrat edsl@g; the enbodi ment of Figure 5

may each leféﬁh@él@&trorﬂéghétﬁﬂ bR Witk RS PEleifric ffel?.irvectors may

do- xial 25 transm ssio
prifeRte firnCas coiers 5020004 ore S0F seshegively.f,Bspactive bével angles
508r ahG and Sitamay esxh, b@deﬁgr@mlaﬂor tt@easﬂejtlfhgalmm&ﬁ@rmflc sighel and

ma(:{)(t%m# 2opranodionent 'n’?mféorteﬂ{aétmng ?gr tﬁ'lglp% ﬁté%?r e‘ﬁﬁ;ggpmagnetlc

t'hr ee conducto S.
sighaht af s aHgws mepefactifre b @oﬁnsmab mpduha suitedl tareaparticulat aeplication.

The Uéé@@rl\dasnéﬁélafﬂmﬂﬁll hdea GRARRMGH U Shae Iggns:?pt%&eg\d a maximum

apart and in such an arrangenent to provi
OfEFﬁBFBt;b\fel sigral drpRprssion; st i ¢ |n'pedance match toits 30
connect i devi he bev lied to the

surface et'ﬂ\éeng‘P%I"\@ {FKCPE ﬁtuSHa t}y SHREEPTS/ @ a number of
exgroptacthe exaunpbs arbemcedmasct uroamiam@éarﬁ/ derhbesttate Rhab gl nature

of ﬂ%clggé% ﬁ'glﬁénsglegal% ss t a%fxggngﬁg Té?e%’rtgiagv%ﬁg &gd‘avention.

rmde decreases since theér)fﬁh no refl ection
mechanismto contribute to e crosstal k. WO

2006/ 065600, BB USRI B 83 Apladlpseudo-coaxial transmission line 600

with five dielectrics 606 spaced apart from each other along pseudo-coaxial

transmission line 600. Each dielectric 606 has a bevel angle countersink (not shown)
on both sides of dielectric 606 determined as described above. Pseudo-coaxial
transmission line 600 has five spring pins 602 and 604. Center spring pin 604 carries
the electromagnetic signal and the other four spring pins 602, which are arranged to
surround center pin 604 are electrically grounded.

Referring now to Figure 7, results of an impedance model simulation with
respect to exemplary pseudo-coaxial transmission line 600 is now described.
Impedance model simulation results 702 illustrate the impedance in ohms of an
electromagnetic signal propagating through exemplary pseudo-coaxial transmission line
600 versus time in ns, When the electromagnetic signal propagates through exemplary
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In bidirectional signaling, multiple conductor
transm ssion lines carrying any nultiplicity of
signal s sinultaneously, the even node is defined as
we kouslossseeous signal s propagating in a paral | eCT/US2005/044730
direction, in contrast to an odd node where
si mul t aneous signals are propagatlng in an
anti-parallel direction. Theléxenplary s enbodi nent
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canch L FOdh Pt B DAL SUBAPEIRETE BBrY St g ferfytion sos
includasi btpluvglityi of ihalelnardile eowitérdsinkaBe6a Arplhiratitsnodhperieen 808
extgrgé Be leh b%veq f%g]‘]%&%t{mgpm ?g 86§%Rﬁ%t éeY:SPﬁ'ng@ée of top portion 804.

rans SSI O
A setdngssurtece 310 wf kerf porsione80dds a flab sdaceppnd dremptdiave higwel angle

I e clearly denonstrate the
co ov%k?%u@ t6 nidRhiln ?Wfﬂrg 3oy, y

nat ure I nvention. These exanples are

exerrpl ar )& beDOtarghSERih 81y & &fdtélé&nt W@hbﬂﬁhw%ﬁﬂt Bufface that
ur es Il lustrates an exe

is flaF %ﬁgm EEPEhsYTare Wi ey W[éﬁc nteeSia E% gsvaaegﬁes%%m L
incligas afep@s ofresponeathtootheeiperlitsgn the velaireoaap 8D2 and the

L d
cou%nﬁ%rggl%fgu :l?{cem EPH% s?‘\j]%tﬁgﬁgﬂ'lme) illrgé ggéte of6er§ Pﬂ% @slﬁﬁl\@ﬁ is
dispssidetjadent aﬂﬁnemtendrsndama%m@s:op ipoetiornBe4 ef retainer cap 802.
The é&HQQSEQﬁ‘& &\Elgﬁirfcacr'e&é‘mélséa%%di Q‘?d 9&%! Eﬁéleféh}fﬁ 8§.§rfhﬁ&|on as

ter spring carries
On%r%émﬁbwﬂ@ﬁ@th W@@@ﬁé‘aqu\’ﬁ@@%@‘nﬁsrﬁm@prl ng p| ns

602, which are arranged to 30 surround center
ore ol oA GPUT SIS R8PS Ty erp S PR GLE LS 91 a irt

reté|ﬁ§HEé|§SOi aﬁ’dlalsiﬁéep‘tﬂ'tleﬂ grRdela sstand edtaionr ehj BO2.r AsgEewibly shim
81%%&;? )égglgp éaﬁesep%gl ln%otaoxthe apelttﬂpessrpn %%t%té hé]' aﬁ%z'. SAssemb!y
shim 818 is desirably of dielectric material with bevel angle countersinks machined on
both sides corresponding to the apertures. Assembly shim 818 may provide support to
spring pins 816.

A second retainer cap 802 and bevel angle shim 814 as described above
are coupled together to function as one retainer with both surfaces having bevel angle
countersinks. Both second retainer cap 802 and second bevel angle shim 814 further
include apertures that correspond to the apertures in first retainer cap 802.

A plurality of spring pins 816 extend and are supported through the
apertures between top portion 804 of first retainer cap 802, first bevel angle shim 814,
assembly shim 818, a second bevel angle shim 814 and top portion 804 of a second
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| npedance nodel sinulation results 702 illustrate the
i npedance In ohns of an el ectromagnetic signa
propagati ng through exenpl ary pseudo-coaxi a
WOrangoase®i on | ine 35 600 versus tinme in ns, Wigh/id605/044730
el ectromagneti c signal propagates through exenplary WO
20061065669 PCT1US20051044730 -12 pseudo-coaxi a
transm ssion |ine 600, the I'fffedance i s about 50 ohns,
as illustrated by region 704. Exenpl ary enbodi nent
600 denonstrates that although the electromagnetic
reginpnelap & o Sideepartibds Bo 2wl firsy aedrsdidridoretaihangeps §02venclose
spfiRf pﬁ%cg‘l #Erﬁh%&EHp?argq\ ?sgd?\% F\)@/é{ﬁéc ANgliGe GRRNL er si nks

on~ each dielectric si I can uce an | npedance

m smat ch,i, %Qéﬁ%gl’éﬁg %W's@ﬁglnEQ%dermsﬂﬂQ %%Oagll @Q%&nc’sgoundanes

ohns. ferring now t I gure 8a,
ar%%&ﬁﬂfavve%wﬁhsqogﬁﬁﬁrsmhtbewl@@e'q&rﬂﬂﬁlg@ed@@@eﬁﬁrﬂﬁed above according

to 5H|etxleﬁ1p%r§ metn@d B fife SréeritSnVeator & Sk sty mbdudd BbB®hus does
| ectr] terial covers and supports

"°§5Vﬁﬂbzﬁv CeAF@BE*&%n of retalner cap 802 is

further t in Fi ner
has a top ltlﬂg‘??'{ ghe %ﬁn%% é' %St'a" e‘?as'?‘ﬁ gSﬁcr‘Qﬂ%aﬁ'? |WHZ"§‘I reference
to spedificembddimeptsp tine irvenBois natdhteddsd & pé limited tty tiod details
el I l,ur tr
o g RS PRSI s PR of nU IS el REBE teRone ane
rangesefcestidvatants a%@edﬂalmmqﬂdwth%ﬁ dgpartingAreadbe thventibace
810 of top portion 804 is a flat surface and does not
have bevel angle s countersinks due to machining
limtations. A bevel angle shim814 is of dielectric
material having a first surface that is flat and a
second surface with bevel angle countersinks. Bevel
angl e shimfurther includes apertures correspondi ng
to the apertures in the retainer cap 802 and the
count er si nks of bevel angle shim814. The first
surface of bevel angle shim814 is s disposed adjacent
to the second surface 810 of top portion 804 of
retai ner cap 802. The conbination of dielectric
retai ner cap 802 and bevel angle shim 812 function as
one retainer with both surfaces having bevel angle
countersinks. An assenbly shim 818 |s di sposed between
side portion 812 of a first retainer cap 802 and a
side portion 812 of a second retainer cap 802.
Assenbly shim as' 818 has apertures corresponding to
the apertures in first retainer cap 802. Assenbly shim
818 is desirably of dielectric material wth bevel
angl e countersinks machined on both sides
corresponding to the apertures. Assenbly shim 818 may
provi de support to



spring pins 816. A second retainer cap 802 and bevel
angl e shim 814 as descri bed above au are coupl ed
together to function as one retainer with both
surfaces having bevel angle countersinks. Both second
retai ner cap 802 and secofdl-bevel angl e shi m 8ER050853 612
EP 05868 6n2R-221A¢cl ude apertures that correspond to the
apertures in first retai GéAIMAp 802. A plurality of
spring pins 816 extend and are supported through the
apertures between top portion 804 of first retainer
. A signgbmogaig (200;88Q) foeelectrigaltyl intestacing 8dith, an glestrsmintdleyice hsaid signal

. .hevel angle shim 814 and top portion 804
m°d“'€?&§v8?8§§%ﬁ5%’°§ooe/ 065669 PCT/ US2005/ 044730 - 13-
raeplaratityrof capd@ts (Zi&d 40402 ok 586:0604) configsiredatndarry respective
S ' : encl ose spring pins 816
ﬁ%ﬂ%&ggﬁéﬁp{@éﬁ}gﬁg’%}?‘énaI i nterface nodul e 800. In
et denst ang sAlitEsuppgrid203, 1204r $00c 80Rpefdidle @O matdrial having a surface
(2042, B Fborbb A ML Sy SBESohNTrg (908, (08, ¥4, B4, 505 604) said
solid sappawt (FI0Rg204 500; 80R)daring|depresaivnd (3020 B06 heynpnetse mith respect to
. inv i - I . f
seid il A 0o 8 UL Bl RN KBy B eS¢ R PRCwrBB () Bab) ana
an apéx wilkin rszice dolnsuppesci20Be05 6108i B0R), tshidr d¢pressiare (302p 806) each

provid g8 befel SROS PR B; 53¢ S120 YRl b sh L, S B End being
chosemagithit thete amgsaaytiaﬂjyszemdefleotiommteetwwatheyfiemth'q': hourivaries,
r : Uizual Sef ' , .

RS ARG la g ta0s U 502, 50, ek, 00F sSleBlig R said soii

supporg (202, B, 390 83R) §ie@h2pes olGiakd Nepredsions (S0Zn86) remdhlobsaid
; 4. regal ds. i aci '

Fadhlbis) cbB L k2, B o6, eBFELAG et BB each other of
said candrploiss(2Ag: 404, pO2irs@Ki $36; 604conduct ors (208; 404; 502,

504, 506; 604) configured to carry respective

el ectromagnetic signals (210); and at |east one solid
. The signabpodule((20R 800PagcordNy toddein biwhgreih eaitsolid supperti(202, 204; 500;

s02) UK 2 YEHPSS sl Moo 02 DEIP 2! SRR GRS o s
supporn(202, 204 5A0;RAZ) epaced2part fmdueadiogheBdR)g theaxispf said conductor
(208; @gpg@%bg,ﬁg(égg , 806) symmetric with respect to said

p

axes, 'sai ression (302; 806) each having a base on
said surface (204a, 204b) and an apex within said

. The si?%%%dg%g?eg;ta%#ggcoramé;to %891’1 1,8%éreir§§‘$i8i d%?&qr?csrﬁ}a@ﬂal includes

a loss tangent less than 0.1 over a DC to 30 GHz frequency range.

. The signal module (200; 800) according to claim 1, wherein said dielectric material includes

a dielectric constant between 1 and 5 that remains constant over a DC to 30 GHz frequency

range.
. The signal module (200; 800) according to claim 1, wherein said conductor (208; 404; 502,
504, 506; 604) is one of at least copper, brass, brass alloys, aluminium, silver, graphite and

gold.
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provi ded at a bevel angle (206; 508, 510, 512)
relative to said axes, said bevel angle being chosen
so that there are essentlally zero reflections between

Printed: 24-07-2008 di el ectric boundar es, where said conductors (ZCE_!"'05 853 612:
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404; 502, 504, 506; 604) e%% end t hrough said solid
support (202, 204; 500; 802) via each apex of said
depressions (302; 806), each of said conductors. (208;
404; 502, 504, 506; 604) being spaced apart from each

6. Th%%%;ﬂ n'%f:luﬁ 60, § %Eér&lﬁﬁ t&éi&kﬁn %ené&i’d co%@ﬂctor”{@@s 404; 502,

e SI 800) accordin

504, 5063i604) is \ﬁml@ﬁﬁﬂ §m 3 ﬂvélqﬂd “thpw {osg dangentoand 5%5‘@9 dielectric

consl%g. is one of a plurality of solid supports (202,
4; 500; 802), said plurality of solid supports
(202 204;. 500; 802) spaced apart from each other .

2. TG0 B P P SR PP oy g 4t 52
504, 506 604) iswtransmission hind (40806000 n sai d dielectric mat eri al
includes a loss tangent |less than 0.1 over a DC to 30

GHz frequency range. 4. The signal nodule (200; 800)
8. Thesigoaldnodyld (200] 800hatsording teclaing i whetrin| saisk transmissipe ling (400;

600) is Bistti8 L oadtn HaBlefislibd fin @S 's005, Petveen 1 and 5 that

I'ns "const GHz frequency range.
5. The signal nodule (200; 800) according to claiml,

9. Th? gx&&aﬁ odP@ 6{?0({; &%@rﬁm&%@ glglr gpﬁwheggg said éﬁdductépéos %@ 502,
504, SOGJ Iﬁ)ﬂl is ope of h\phurality mﬁphnduatomﬂos,gﬁnd 4%@@,7 (o 506; 602, 604;

o6 S 5 o000 000 8, 9 95 8 o101k o

from eavhathet and ¢x2aid thro0gh sabsid sexpert (30% 2043(5@9 502).
surrounded by a mediumwith I ow | oss tangent and

stable dielectric constant. 7. The signal nodul e
10. meemnalaeogulaaoo: 800)accarding 40 ¢laim lmd\e@gm%mnductor (208; 404;

502, §63 x oz%?%bné%%)m %Qg& @ﬁfbm{gﬁéﬁc b-% (210) and said

electroDagnetie oippal(2t0)ris am glecteoragartia Wava {3E0)shat psepagates along the axis
OfSNP BRIy oh‘“ﬁ’ ﬁgz'(’ﬁg-g’-“s@%?) is a pseudo- coaxi al

ransm s 9. The signal nodul e
(200; 800) accor ding to claim1, wherein said

1 A, s e O g o
locatésbat,a madary Be@yeen whid mdm ‘surzaynding ths eondoeier (22&24044 éﬁi 504,

506; 608 and4la solupRRaoB . SORon! e spaced apart  from

er an nd t ht'ough $ai d solid support (202,
204; 500; 802).

12. The sign_al' module (200; 800) according to claim 11, wherein said bevel angle (206; 508,
510, 512) provides an electromagnetic impedance match at said boundary between said
conductor (208; 404; 502, 504, 506; 604) and said solid support (202, 204; 500; 802).

4

13. The signal module (200; 800) according to claim 11, wherein said depression (302; 806)
includes a countersink (302; 806) having said bevel angle (206; 508, 510, 512) that is
provided in said solid support (202, 204; 500; 802), said countersink (30_2; 806) located at said
boundary between said conductor (208; 404; 502, 504, 506; 604) and said solid support (202,
204; 500; 302). ' : :

18-07-2008'



10. no signal nodul e (200; 800) according to claima1,
wherein said conductor (208; 404; 502, 504, 506; 604)
is configured to carry said electromagneti-c signa

pnnted 24.074?1%3) and said electromagnetic signal (210) is an 5905353512

a/8

ctromagneti c wave (210) 1% hat propagates al ong the
xis of said conductor (208; 404; 502, 504, 506; 604).
11. The signal nodule (200; 800) according to claim1,
wherein said bevel angle (206, 508) is located at a

boundary between said nmedi um surroundl ngé e con hg
14. Tesignal mqlulea(@@. 89B)according tosbaim hprheesin Bid brvelang [jﬁo@ vt5°8

| ri
0 e i, Syt st o e

impedapes of sid@]ecical deyice vounted taisaid siganlrendaln{200:80npedance

mat ch at sai d boundary between said conductor (208
404; 502, 504, 506; 604) and said solid support (20
15. TiROsignabmddule (200; 8003 accmbnstogqhm lnsaid susfacoofsaidgighd support (202,

200 SE5HE) Mphn bl e i ey SRR 1ol opive

bevellaﬂglei(zaﬁ;gﬁm f1@OH/12)508, 510, 512) that is provided in
said solid support (202, 204; 500; 802), said
countersink (302; ) located at said boundary said

16. The signat noxiuleZ2@); 800)} acépding soqlamsb,awhewnymdhaveé angle (206 508,

0, 52T g D0, 8090, 3 BB oty

conductats (msmmwe 503, 56501660 604 8 6l herein saidchews] angla (296; S08,

510, ?ﬁﬁr ac er I S +C%9?mﬂf‘32%§wgg§}ﬂ"?lﬁgggg?{ggwgﬁ @#g? (;I(lgSSOaZ 504
506; 60®,r609t 816)s s differamp Sobam the bevek angle £206¢ 5P8,c20, G4 efothe other

megm};fp ﬁ&iucl"g%@%’?‘ﬁ%oﬁ)ggg?ggg I(:Sci)blr6 Ejf?dr%gstggc?)al 1m51 TQZI d

surface of sal d solid support (202, 204; 500; 802) is

oLl s

(210)1i6 on& hfa plugaw oﬁddc;ma(gew si said phwrality, of eandugtags (208; 402,

bge! h
*@faﬁ&” ﬂ‘?‘glﬁﬂ?'y 4E 18 i §‘g'ng%{i St 508 T decfdi@gneds
Slmlaisouhmghsalplemmemlumhm nycoaﬂuct% rﬂ%ﬁ?@t‘*@?-&ﬁ @2 5@6:2506 602,

12) for "at | east one of

-respec%wdotalnueofpnoudmm §208; 402 re 503, S04.2596; 602 @4-46%?|'S different

fm?iﬂ@e 2"?3“5‘%28%@?%6’3@9‘3‘10 51.,5,':& Sthédd :e&,ﬁuaﬁvef SRS (208;

beve of the other
402, 4045621 5045050 60R. 6041183 6).208; 402, 404; 502, 504, 506;

602, 604; 516). 17. The signal nodule (200; 900)

according to claim 16, wherein said el ectromagnetic
18. Bieysighal ©ods (200;308) abcardipl asifimy 1 ¢ wherein; atoleasyroe; of said

clecn%umﬁﬁl:tf’c uéﬁisqnmﬂﬂt@h ttirdugdf safdyRsHeEd R plura BY D cofdidietors (208; 402,
404; 502, 504, 506; 602, 604; 816) propagates in a direction opposite from the
electromagnétic signals transmitted through the other respective conductors (?.08; 402, 404;
502, 504, 506; 602, 604; 816).

19. The signal module (200; 800) according to claim 1, wherein said bevel angle (206, 508,

510, 512) is one of a plurality of bevel angles (206; 508, 510, 512) for a respective plurality of
conductors (208; 402, 404; 502, 504, 506; 602, 604; 816), said plurality of bevel angles (206;
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404; 502, 504, 506; 602, 604; 916) configured to
transmt said plurality of electromagnetic sjignals
t hrough said respective plurality of conductors (208;

Printed: 24-07-Z808- 404; 502, 504, 506; 602, .604; 816), wherein &P 05 853 612

48

I'east one of said electronffnetic signals transmitted
through said .respective plurality of conductors
(208; 402, 404; 502, 504, 506; 602, 604; 916) is
508, 0] §2) Privideb h @iibstdnalatdrtion GP@ORIthlR beivgembaid respective plurality
transm{ted fhrough the other respective. conductors :
of elegtoomagneticste§n. 502, 504, 506; 602, 604: 916). 19. 'The -
si gnal nodul e (200; 800) according to claim17, ‘
wherein at |easjit one of said electromagnetic signals
20. The Signahmotle 208 499 ecouding 0 AR A VRTED | Lr al i ty- of
C HeHdRA Kippoit 1863, 268.2500; 862 comBrses 2WepreSin (362B06P Prbvided in
agates in a direction opposite frp

816) pro t e o5 204
cach ofe it pustage (304Rband nsesnnd sictace (AOABLPROlE $9id st Surfade, (2040),

i ' ' perpefificulirQé an a6 pf said
i 50051 ) Ll 400 o pp et o
condugtar 6208; 404:t 92504, 506 60Ahsneh depsasion (2026808} hging 5%'?576?“" with

id B ' ! ki s 2 @5500; -
respeit i said Bl bogbdcpleskin 8o ek AT bl s Sy (2071006550
802) andva lbnge on eids firsppafaca (Mda)and saidgecond ewﬂ%s bl sispestiyely, cach
Al ; iaf f b latfvie @ said axis; and
depregithiXp02. Ol v an 8 (236, JOWS65, 3 21 e g}%’:’y“’f“ -
5odercn gid epndyctpr GOBHS: 102708 16t O 15 é'al?f?ﬁ‘;_ oygh said solid
suppdgf g?té 3L KoM SH0IFRA Stk tRIOBEI kdidf BpeX! of saldi ddpressibn of said first

romagneti ¢’ signals. 20, The signal, nmodul 00; 204b
surfagepd eidoprexngf tsaidc depression (302+ 806). Of (saids 8ecp r {204b),
,espeg,mf},_ 204; 500; 802) conprises a depression (302; 806)
provided in each of a first surface (204a) and a
second surface (204b) opposite said first surface.

21. Tﬁ@&%@ modﬁvafeboE BO®) acSdiling ¢S clbialZm whaieih i sblid sepoet (202, 204;

surface (20

500; 8eRdaenapf z@éu?ﬁbﬁ%lﬁ%&-&?%%k% r ?:t {‘f@i?{lﬁ: isﬁq\ Slursify O solia

. suppdle(2652085003805%) sBABY abtt REmSASAGthéd dlony dald axiefaii conductor

sai d_axis, each depression having an apex within said
(208; 49 3025504 806: 6P9b2, 204: 500: 802) and a base on said

first surface (204a) and said second surface (204b),
respectively, each depressi g

' . (302:, 806) arovi ded

2. The iapdh mil 20Pp U aSGRIRE 30 S Py WSFYB 22 SR (S 404
502, ggfbso_bpag!) iis it %r fﬁlﬂﬁw of cdnd@diors ¢208; 46112!;04551:2. sggaos; 604),

. 'S | Spose rou | S or
whero 58 cop@Hctapb it Bn AR Ao 0% 10 Sk 70204 AT, pbebdf part from
each gm and &ﬁ&dqg%oggh ggté bag Pugu_ng af egmioga t:foazagm Z'”%M ah said
epr essi on . 8 ]

frse suige (OPAR o S8 soue umgers {30 P SO (9208 5§ of & Phuality of
depréASioRs gidzg 306) prbviiled 8R saidheEcidsupfaied(209b) of sidhpulidk support (202,

(202,204
204; 500; 802), respectively.

23. The signal module (200; 800) according to claim 20, wherein said conductor (208; 404;
502, 504, 506; 604) is a transmission line (400; 600).

24. The signal module (200; 800) according to claim 23, wherein said transmission line (400;
600) is a pseudo-coaxial transmission line (400; 600), said pseudo-coaxial transmission line
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500; 902) is one of a plurality of solid supports
~ (202, 204; 500; 802), said plurality of solid :
supports (202, 204; 500; 802) spaced apart from each
Printed: 24-07-860d®%r al ong said axis of said conductor (208; 404; EP 05853612
' + 502,504, 506; 604). 22, Thel8ignal nodul e (200; 800) '
according to claim20, wherein said conductor (208;
404; 502, 504, 506;-604) is one of a plurality of

(400; Gg?}gdgﬁipﬁsiﬁ% Q%%ﬂ-%ing”&ﬂdug’@}%@ 964, 609)5hatG9donfigured to carry

e sal d conductors (208; 402, 404; 502, 504 _ 506:
said gestrompguetic ggml @10 apd A alumlity of easducors r(“%ghg‘?z' aﬁ’g 602)
Eﬁng".- I |4 rénesdfosaid plagfity of
suxro@g pr%%%%g%ﬁng{ig gd&%?,r(g?ﬂ ssudr4¥ gg‘g' ?%84@ of salﬁd o
condugters (402;L5080306; 60%) beingglectrically grovmded.and one of a
plurality of depression (302; 806) provided on said

second. surface (204b) of said solid support (202,
25. TiR0signab 0@dulg (290; 8PQ)Ascerdingdo plaim 30, wheeein paidh h?veﬁmalﬁ 206; 508,

L O LT
said nmdium seroinding the dondectqr4208; 4660502, 304, 506; 604)agd spid gelifsupport

. )Qnn according to claim 23, wherein said
(zw’?ﬁg%g%séb?%'on line (400; 600) is a pseudo-coaxi al

“transmission line (400'; 609), sai d pse't ado. coaxi al
26T R 0 oo i i Bt Sl Gl s
510, 6t)dprovides @ AddracEtisic Boppriandeathal subsientially matghesp charagperistic
. , , . X | lit ;
mpedbd SRR SIE (o BRAaidsighll el Gobratos Y ©
signal -carryi ng conductor (404; 504; 604), each one of
L L, i3 06 i - - ;. 602
£l Tﬁﬁ'ﬁb’? Le# g@f Ird.d?a?é??' %r oun et rcligé‘i, Theég igmgglgﬁgrfodul )e .
( 2Wlwdlg) of xonducttirs (208 462,404 502, M %o?sva@Q‘}; BL&)e wherein at
teast 8 of }r(()eﬁglﬁmn 08¢ comgms@%%w;emw, 506; 602, 604; 816) is

gnet’i c | npedanc at respective
confipuredh thegaimy an plecimragneticsignak £240%and ur r oundi ng t he
T e gy O 3 i o
suppqre(992, wo;omcs@almvm plurabity:afieprossions £302; . Q) greyidsgyp each of a
first Wgﬁgﬁuhﬁg &cog& 1Gtace ¥2041) ro%Pbéi’@ Said firftodupfadéec(2084)] Wherein
I'npedance’ that substantially nmatches a _cha CterIStlé;
seid plvpalitesof conductors Q08 HOP.CAM: 07, S04, 60 408 816kare disposed
througia)g?iﬁlat [T BN &B?&h (A30)04;- 500; 803)undicaread HBGHN Qid BRIty of
0), according'to claiml, further conprising. .a
depressigna302,806) o ssidcfiret sy G9da) and 2aid plysaliyspixepHasions{ag2: 806)

of saﬁ%conﬁ%ﬂifaéj(ﬁtt %@&ﬁ&&%pe& 6262?2@4- 500 B0, resPR PRI i t Y
>Cof U402, 404: '502.° 504, 506: 602. 604:
O Dt 00t SR SO0, (802300044 517

relativé &an 236 a respective one of said plurality of conductors (208; 402, 404; 502, 504,
506; 602, 604; 816). '

28. The signal module (200; 800) according to claim 27, wherein said bevel angle (206; 508,
510, 512) provides an electromagnetic impedance match at a respective boundary between a
medium surrounding said plurality of conductors (208; 402, 404; 502, 504, 506; 602, 604;
816) and said at least one support (202, 204; 500; 802). '
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at | east one sort of dielectric material (202, 204;
500; $02), said at |east one support (202, 204; 500;
902) having plurality of depressions (302; 806)

Printed: 24-07-2008vi ded in each of a first surface (204a) and a EP 05863612

second surface (204b) oppodPte said first surface
(204a), wherein said plurality of conductors (208;
402, 404; 502, 504, 506; 602, 604; 816) are disposed

t hrough said at Ieast one support (202, 204; 500; 802)

and extend thro sal lural ity of .de S S . :
29. Thegoanal modle GRIOSHIN srebrdint 1 fIRA7 pDerein i, Vel S aoe; sos,
510, N2y biilics Lich ﬂ*ﬁ&étﬁ‘ﬁﬁhﬂ@&ddﬁ@&m S06stantially freitdhes acchaticteristic

surface (204b) of salﬂsug rtg“ag1 0 224@ gg 802),
impedaresf an clpetrigal dayiee eanpleddp Adsi Ewg‘lé@? h ‘8302 806)

are provided at a bevel angle (206-,508, 510, 512)

relative to an axis of a respectjve one of said
30. Thel signal mo;lulgf(zqg)@ ﬁqmcchqrgingggggxmé am‘feaswe sgagprt (202, 204;

BAS) cap ¢602) TEscbbrdathinePsly(802)200; 800)
500 8%ngugﬁi%ﬁato é?a m?eg V\%er ein said bevgl( angl e (206;
508, 510 512) provides an el ectromagnetic inp match

t 866y e aﬁ,moﬁ?rﬁ ing aCshiial f
Sk Tﬁets'gﬂll ura 5?‘3"90? congl&?t ort;%gg 402, 4 5&19)0
d.elecmsmateﬂa disposed betoveeny saidfiratand) said sqcpndelaines °§1§gg@?¢

802). 5/83 18-07-2000. P d:
said ship? Guayfiprilils 002) - 289 267072090 grlalme dul e
( 200l of shi depretoieps POmided e ach oF ARER SAace AP0 SRy surfce
oppos?tg %’g g’n% g@'ﬁ?ﬁ g?sal shifd (8§i')t Qm@ﬁlﬁféllﬁﬁﬂ‘ sEinFdepEeasibi dofresponding

at su stantl af y mat ches a Cgﬁl2 cteristic
to sald ppnedumiadepteswnsafe@d first and gregnd staingy, Fap sai d

S @ 92%9 46ﬁhm¢3 lsom amnmwm 608,816) are
8 accor |ngto cIa|m2

dispotetbrough 43d s andxtnd Hepislh W BIURIDCE b JFH O Aepgtons of
said Iix§9 g%rfi‘? %6388 Qi ($i451ahe 'said 2 -shitd deprésionss @fiakid second

800) ‘according to claim 30, harther

surfmfpmdsshmg(%%msm&s ¥) of dielectric -material

di sposed between said first and said second ret al ner

caps 02 said shim 814) conprising: .
32, Theignal pacbied30h S0P asvareing oo by wisroi s AL Bod fofia Shopor
(202, ?gd ?065 > Q0D ACHMS RARhe? sSrFacd havihg Hepressions provided at aiﬁsﬂlplnbevel
14 said plurality of shimdepressions
angleyelative 19sAdiaXes- to said plurality of depressions of
said first and second retainer caps (802), wherein

33. ngggg%dwx %gc%géfgﬁiﬁgggwpﬁ%daﬁ at leasg%ﬁ sa%support
(2022864; S500E862)! iEIRMEa Riihidr Blppor! witly aClurtiéri surfaéed Bjving depress.nons

depreSS| ons of said first aurface of said shim (814)
provdnﬂammhmhsvwaps'yrﬂ#“@ﬁm?‘ &%ons of said second

surf ace of said shim (814), respectively. 32. The
gnal nodul e (200; 800) acgordi o.cla I n
34. A aiethodof fransshitipg an SHW%WWP by, o me'm"l““\‘g}ﬁ["i

a) providing a signal module according to any one of claims 1 to 33;

b) providing said clectromagnetic signal (210) to one end of said conductors (208;
404; 502, 504, 506; 604) in said signal module (200; 800); and

c) transmitting said electromagnetic signal (210) through the conductors (208; 404;
502, 504, 506; 604).
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(202, 204; 500; 802) includes a further surface having
depressions provided at a further bevel angle
relative to said axes. 33. The signal nodul e (200;
Printed: 24-07-89@) according to claim 1, wherein said at |east on&P 05853612
< solid support (202, 204; BDO; 802) includes a further
. support with a further surface having depressions
provided at a Auther bevel angle relative to said
“axes. 34. A nethod of transnitting an el ectromagnetic

i gnal (210), the. methad i sing: | P90 ;
55 igin i i o B o 0, S 90  on
ofa pg%alﬁi BF sdfid %gpp%ﬁh @02, 204; 5007 802),Shidigharhlity 21 Slidtsopyame 265, 204;

sai d con

o S s e oo i s S 4 12 5.

506; &ﬁz,gpoe&.%&rs?e?@j @hidCeldokr@faknetic sibnal (210} trankmitted through said
conductors 0

; _ 87 ~404 5802 504, 506; 604), 618
pluratitg ofisolidopports | (R0 304:580080D 006 EP 05 653 612 .20 35.

The net hod according to claim 34, wherein said solid
support (202, 204; 500; 802) .is ope a, ol lj f
36. Tioipled ecordi0p clai 4, whigsinggd pordigion (s 4 7 sBi 508! 604
: ' 4 : .S 81 id
s ol ron 208 10— o
cond$085 (2584 402,306, 5060494, 96: S 1o0Fr18) Bfrcrnpsed oy Hom each othe
and eKlefid h{x&f@%ﬁ%ﬁd | pBR(2022204; 500; 802 ¥aidi dléceombgtieticigignal (210)
sard plUra

ity of "solid supports (202,. 204: 900: . o 104,
is one36f2) plulity ﬁnkc&wmﬁh@%ﬂﬂ%w@d Hgh sd ‘E%a‘é‘i(}%'iﬂm’ 404;

=Y «ildP6; 404; 502, 504, 506-,604) is one
502’%?" g"%?%ﬁ%ﬁlonconduct ors (208; 402, 404; 502, 504,
506; 602, 604; 816), where said conductors (208; 402,

37. Tﬂgﬁeﬂﬁucg}g&ﬁ 18 QBrim G162 whiietti atdd4t ond 6f siibeledromapneativ signals

eac t her d extend through [ ' [o)
transynited throogh sakb@ndwiiors ,<z®aﬂgz-a%s§q30§$€ Tkl _ pile propagates
in 2 frblon oppddfte fim Anp! Mchbinaineic Gl taamgnat iitough the other
st gnhal's ansmtted throu h.&%d conductors (206, 404,
respestive cogductors (98; m#@-#@%@@: 1y. 37. The net hod
according to claim 36, wherein at | east one of said ,
el ectromagnetic signals _tripsmtted thrqQu ido .
38. Thaoethest gcqopdipe taoglaimgif, whereins g 5‘52)6*’3 %B‘z.ﬁéeﬁmm"s ‘h:
ctﬁzlm)ym 266) contbridingishideldcabmagiees waee thapropagates along sai
ele_ el eCtronagne i?csoilﬂbnalg B{Q%D%ttm t hrough t he ot her
axis pfthe cendugler G851 80% 5PHPE0: OFr- 502, 504, 506; 604).
38. The nethod according to claim 34, wherein the step
b) includes providing the electro ti i . 500°
39, e rogthoshASGPOiNe B cLBh 44Uk BFBREOL 1Y U auapoft (A7 204: 500; 802)
is oriéof ﬁmgé 1€ SurPlced) SvhSRtithe @il fiple burfdves, cxheckin the mul @)@ surfaces have
404-, 502, 504, 506 804). . 4 el tic. sional
respective bevel angles (206; 508, 10, 512), so that in step c) said electromagnetic sign

(210) is transmitted through said solid support (202, 204; 500; 802).

40. The method according to claim 34, said bevel angle (206; 508, 510, 512) provides an
clectromagnetic impedance ma;ch for said electromagnetic signal (210) transmitted at a
boundary between said solid support (202, 204; 500; 802) and said medium surrounding the
conductor (208; 404; 502, 504, 506; 604).
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39. The nethod according to claim 34, said surface of

said solid support (202, 204; 500; 802) is one of

mul tiple surfaces, wherein the nultiple surfaces, EP 05 853 612
> N : rein the nultiple surfaces have respective beve a0ls
Printed: 2501 22%1 es (206; 508, 510, 512%! so that in step c) said

el ectromagnetic signal (210) is transmtted through

said solid support (202,204; 500; ). 40. The nethod

41. THRCHENEH Bekotding ke cling 44, sail debe angle (AU SOB26H), S3@gpprovides a

chamc;;igﬁp gpllé)gqq%g mit@ng\aaqgﬁgtﬁ%ﬁ?%& &f safd émgrﬁgltaﬁda%ﬁc signal

ransmtte

(210) RRHRSIHMBELNER Rofdctbr $208; 04 50RB08, JED604) 20ustanggly matches
R T T TR el .
208: @Ogoiggp 55?'@5 953 692, 41. The nethod according.to

( *claim’34, “sal %

evel angle (206; 508, 510, 512)
provides a characteristic inpedance such that the

42. n%-.h,ﬂ&g{}ct %}?ggaﬁ%cmi JRRIS) Yheftfin BidictbcRbmagneticrsigm} (219) is one of 2

S gn ransmtted, through the cqonduc . '
. pluralitp 6f cled@magneticsimnalsggaymistsd dhrg S&HQ %?“ﬁh‘?%‘ﬁ@%' é%%m’ 504,
) pstic inpedance of an el ectrical device
506’@%3%?%5{%{&561 second end of said conductor (208; 404;
502, 504, 506; 604). 42. The method according to clai 'mf
4 rl t 340 ¥R S¥vEICangie0(206; $08B] 5)0,i B2 treowsf of a
43. The mﬁ u?é‘éﬂ}g’,ﬁgﬁg‘g‘& romagnetic si e%nal S| “tg’&%nos‘r%bgggom (208;
pluralith o6 beyvel sagles 2960508, 519, Y12) dor isapCHYRP , Q;i Mmr'
o 108! 804; §1%), shitPelsdtiohfagnetie cignali (2 1) ixonel ofiarplurality
402-‘@2;3%23.9‘2“322@(;‘?@3%&& 0506. . 508, rg:lto, 228 abil 302384 067600
of eleplremagnetic sigrialisansmitted Shrough saybcongestors 415 39 ’ or’da ' ]
LesRect L e %%Hmé | dn¥le QP06 308, F100512) proviles a cubiRtantivd deduction o
'eswgbq'%&g’hﬁ* : 6()‘2,¥1884; 816), said.el.ectromagnetic
crossaally betve¢rpsadd respectivrplurality of MARRCUGFBMEECt r omagnet i ¢
signals transmtted through said conductors ,
(209-, 404-,502, 504, 506; 604) respectively, wherein
sai d bevel angle (206; 509, 510, 512) provides a
substantial reduction of cross-talk between said.

respective plurality of electromagnetic signals 818
18- 07-20dW '
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