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SI GNAL MODULE W TH REDUCED REFLECTI ONS FI ELD OF THE

I NVENTI ON The present invention relates to electronic
wonv@rdksssb ng and nore particul arly, an appar at BETAISA005/044730

nmet hod for substantially reducing el ectromagnetic

reflections in a signal interface nodul e, BACKGROUND

OF THE INVENTION | n the manutacture of integrated

circuits (ICs) and other electronic devices, testing

with automatic test equi pment (ATE) is performed at

one Or nore sStEageEs: YHPDULEeWDRHe REPUCHDr REHESTIONE t est i ng

systens typically include a test head and a probe

card. Packaged part testing systens typically include

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

probe card or DUT boarmp oehudasnvanpmin ern of contacts

for electrically probing or connecting to portions of

an iTat qbgéﬁhedn\,@hnam tdlated e eteetonhkeaidriasing @ntiingorregshrticularly, an
apPar8¥e Vac{/ H’f’ dg%r ﬂl S’nt%lfll%/t 0 rﬁ%%léatﬁ@ggg%t c%e%?o@rsqn a signal
inte@acd madulee course of a test procedure the test head

receives output signals fromthe I1C via the contacts

of the probe cardBACKEBPUNEHPE THEANVENTION si gnal s are

i ndi cative of electrical characteristics of th

under t edb thamanyfashae éﬁl'@e@)rratﬂﬂ'r%‘&é&i:%ﬁ&dtq‘i@ert %%‘itm”'c
debiead] tadtfhgunitie datomaRnEseBsmE ey (ATEP& fdrithnall dtGnand more

stoq3e 3 MmNl PHERr choeteena U S DO BEad el 8 egiieas and 2
prétestarte Rdckaget daet trehtzmg;e)lktéms tybitdllgriecitdd Csesirmeati@st! a device

Un?%logegggtg bo-gl?g tTﬁ%B[IJE%aC% rb %l’ %ILﬁCI:;oralrc? ﬁ'IICILMTeg %gﬁ‘gtﬁqn EPCOI’]taCtS for

card nter
elea;pmﬂapt@lngrhecquteetnﬁsatpep@r@pas af as intagragrd cifqyit. The test head is

coﬁ?@ﬂ?&l ?o dAvE G5 RousRREIO8r fHRrfiebs esk e UT @oarBQQQarry out

unit. A pogo unit engages _the test head
paytiguEr Fesl RPEeRGEDHYith tg? fGctlnrthe SWss Pht é%ﬁt»arwdeiﬁee the test
heb@$éceRRabutpndidg i Psahhe ¢anih the daHiracbsoafrme prbee pag@r DUT

boRB PR P SerRa g PHIsarrS OF SRETER R p L g of BETE under
testi gialpraive cadaurizlTcowid @ndrtbe testdiead ereaumlanqwon@gured for a
gglc%?atr tca%l l ¥h SGHRC l g°§%§&¥c§nla‘?%§tﬂﬁ %.rdg ISR, @;}dﬂdﬂbly probe

dtfo cb rrespon ontacts o
cagher PiGT bgal@eartﬁ/om W@ tg%trheﬁg plsisbendlanged forraiffereat HCs a”d test
proafiRsm ty of electrical contact between the various
contacts of the probe card or DUT board and the test

head. \Whemetths ARgtis BRatticamd c&.ﬁm&ftd?ﬁtfeqarebe B4 draswTboard with
o BT SRl o FBBE2 HBh R KPP PGRTS g moerin
forae Sptkdengr BA3pogo” unit. 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
wdespitessepl anar def ormation of the test head oPCTHS2005/044730

probe card or DUT board during a test procedure.l n

many applications, the conductors are required t o

carry signals having very hlgﬁ -frequency conponents,

from100's of MHz to 10 GHz in the near future and to

10's of GHz in the nore distant future. Accordingly,

t he trandnirsamoepplicatéonshireactrduictors erei ngpeidethtecarty sipeals having
veﬁ} glﬁﬁlfré?q@tehc;b&tn\{ﬁﬁ% $§1?ro% 9B86's GRMILZQb 1B BHPRAfR: @é&@' future and to

head rime i nterest. For op timal
10351 @’r@ﬂz wtaﬁsm%r@ %%?Wefé' renAcqsdinol tia FRTTESSIaRANE fearacteristic

lmgé&érﬁ:@ dﬁ@hé\glgh@ﬁia@d betvli@nctlhérpﬁl&ﬁé‘-‘éar&tolr (DUTnlﬁtﬁid%ﬁ& td test head is

of RHTEN BT ts ol PR e faalPLRediear the P FRBPaend the
dehma@etdgetesi&matherqmachmmstncflmpeeaam@mfallwmér&s imthe7ggnal path

shgﬂ %%Wgﬁnaltéhe r %%Hés@r%dttn%al§§¥ﬁélq:l§é@§ F\g\fertﬁ@tsame

ar ac r| st edance
Imgmcremoesreﬁawle 1% SATEr 7ﬁt@1m$adéomfglﬁ@nam (gaaired that several

diffrBhCA 1hds mwapsetéﬂsal:%béaéhce%earb@héd in SheSdanbiC fnkdrfdcky

support electrical transm ssion |ines. These
dielectr |/$rEn‘ﬂ§e$frat@Ei§;n§f PBHgles Wbl&ill?(‘emﬂl&abie)éctnc materlals to

suiaF et SPPglh SIS a! cROSET s Bl AFes BEREHIS Ratenale provide an
el@hﬁfaﬂyﬁr@uﬂa&tngdoaunﬁa@&mt@eah en}gcéritetrqm;hhssnﬁn il elements, but also

cauge &%ggn%‘%h&[és ulx B ?lgrg&gﬁéﬁcﬂm ldgﬁcel zﬂo%]a{eaﬁétﬂrdé%é fransmission

ransm Sssi o can  cause
lman desdontibliisies frf @@r@:temstc impeHanke dleng e Aeagdmissidnding @n cause

unegsﬁa‘ IS RS tﬂa@\r@duﬁde iRERR S Rt S LERAGSShE IARRT Sdeqlent

coefficient Ievel both of which are frequency

deer@séwd@ﬁﬂsmtsa'aﬂ CE%fﬂgle@,t \gMeley @It P vivighane fiRAuesFhEFRSEdeNt, that
cad&étsrdrfl@d@eai cHePntinRrdr@aate Uéﬁ*mﬁriténto @he ts@ﬂaslln&’gﬁldty of the signal

R B0 ST o 412 B BTG TS g gpptcaions .

thukedediablectot renmogabive rdfleetiores dfexdedtmnmonktie Fielkls rasrtbgnetopegate

th%‘ugh Qﬁ Ejé({%ﬁ}é% B%gﬁ@g@ﬁlﬁeg&ﬁ@d 8#‘9% &ltﬁl%rl %i@&ﬁ@constants

cont e di |ng Iectr

const ant s. SUMVARY %MWEYIWM%NWNW esent

invention is enbodied In a signal nodule for

el ectri CahEyDré%@Hv@ﬁtl&g isérhBocied # @§fgh@ﬂrh1@>ddl%\fblcélectrlcally
The snggiih nodul e |nclu es. a dlelect

intedacing @y@l@q&?nﬂ@ @\HF%L@He siggglpad ed@c lthi(;:eé; a dielectric and a
cobd Rt@Céxtefding ligroagh faa;oefaﬁé of the dikletteict mhe susfabe bfathatddelectric is

a fro er pendi reI |ve X
|°C@g%y%"g?yp g'l %é)P%n |cuLII (Batb i émon sa%fqg gcbc:f%c?rér él%els located
bagédcebml apredni:thdagastuaﬂeldsmbtﬂu@ﬁ ag agiiegwigof ﬁls\tgnahfjowung @ugwgh the

cohdlfee&onductor. The present invention is also enbodied
in a nethod of transmitting an el ectronmagnetic signal.

The met hoghel fredenbfivehtion & Sk @ifanﬂl@é!'n‘i“aﬂﬁetﬂhoalcﬁﬁ%hsmlttlng an
eleré?r%lrjr!a%netlc 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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O The signal nodule includes a dielectric and a
conduct or extendi ng through a surface of the
wdaizedemesasbc. The surface of the dielectric i s ae@yuskoosni4730
perpendicul ar relative t o an axis of the conductor
and the surface is based on an el ectromagnetic field
produced as a result of a sighal flow ng through the
conductor. The method further includes the steps of
providing the el ectromagnetic signal to one end of the
conduct orThierprédeat sivgntibn 5 fundiat emandied imastignal Forpeckrs. The
519?1 neHUr%ng 5%%@l%@ﬁ%%@[ng@@om&%mtpHoOMQ@Bh QBch f a first
er enb

N a Si connect or The si
sud”@q'cmam arsefang| sydiase QPE@%‘leetB? firgt SHEdrdg The étsaﬁ'tf@mf%ﬁfer also

lno‘iﬁcfé‘é'éj@cg'nd&@to?m é?(ftelﬁisft'hFcﬁIghStHé E@@rﬁtem 8f $REPssurface of the
surface oggo& te the fjrst s

A BT TR TROKRICES SO HERG: of RET R BRgdhe dielectri
préhdﬁl@r@bclﬁd’lﬁca@@&{fﬁo@f & e @hdudter. f Thistowtiefsadke acd ptdveded at a
tr| d_the. countersin I ace
ool R 208 OSSR alloPlnd PR 9 Sychoce
elestippgnetio field @rodirugd sar resTh of c@mtaéﬂ@w'msrhmuah the Conductor
provided at a bevel angle relative to an axis of
conduct orTharidesent inveatinadelribar amberisd @n%@??éf’?%d“'e The signal

mdduid %cﬁfd@glécpﬁﬂ'aﬁﬁl & Jp8idl | dinstdndea fits@RAl sktond ﬂéﬂalhé}f&lﬂ)ngach
t he conduct or. resent |nvent|on is f

ret@fﬁ%&pg(y phdi %l[e‘étlr'(j ARptepgh JFash rﬁ?@'\%lcaﬂénclwgw top portion having a
plirBftyUstesuatepinksabrotieafin @peH ofgs frisnsurdaet @nd a ssdondrsdrface

second ret ai ach. retainer -
OpBPSéTeetg]le firgt %5? |‘35E FEng{lt\{, eft %qrﬁsé?théﬁgln ﬁ%%ﬁensthae F%Iuo'ba“ty of
copatetdinks pravidag irathd finshkbifgceanddba rseecm;i W@Cpr Gathlegfalngr cap
als%%RHFQ sfd'er ?Ptloﬁ#fﬁag@ccﬁ{b ﬁoﬁﬁg 93\51 pSHfohaC@eQRROSIAiBN encloses

ace an bores extendi ng

the ety of ﬁé“fﬁﬂ pinal iThg b2l atiseridg ﬁl&s e slisngses ineiherprality of

bokds| %sp%Hﬂi@@ﬁ eTI@@ @o&rﬂ@rsﬁﬂ@;%@ pedliderc: a Eé\i‘éﬁ ahgilte akREle to an axis
I NC

ortion that
of BRSSPl g s PRRgEed 8 o resutc o
a plrig) bt sigedfls Apwinaghpduys. th pturplityradispting einss prspadgiveins
are disposed in the plurality of bores, respectively.
The count er si nkSR&#FRDPSORIPTELN &F TalERRAWINGY| e
relative to an axis of the conductor and |ocated based
on an el édweriovengioatis besti widgrsieastiiemdhgdolipwing detpiley dgscription

wH¥nUeal i YofecBbdRAhtnb |a@¥8rﬂ[§hr&h{'god+ghl Clgjeltﬂl; 'éﬁw@hbélyecpfhat

spring pins, respectiyvel

aceAiNONGSOTHECT} RRASHES: d‘.ﬁeNgng@f@%@@p@{h@ﬁawp&ﬁr@ ﬁngF to scale. On
thé ebhieayNehd@@nkieds deaws Waﬁtdu@ feathien areaebitrarigaxpacdedor reduced

fortaa g ot FERRaB e By Rena o . T eat ur es of
the draw ngq,lcg?'rltelﬁ I%ostldé 9le§lcc§| con%]ntﬁcn\%l glﬁﬂé{)ﬁﬁaule EF@Wlng

di nensi on< & VT 15U e are-ar
elexparageetiosignaldropagdtion mddﬁflﬁqilonlthtqtlﬂ@e@el q@“l’%mna' signal
mad ng are the followng figures: Figure 1 is a side

view of a conventional signal nodul e show ng

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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el ectromagneti c signal propagation and reflection

t hrough the conventional signal nodule; Figure 2 is a
weids/msse@w of an exenpl ary signal nodul e i n aceoTaAamme/044730

with an exenpl ary enbodi nent of the present invention

showi ng el ectromagnetic signal propagation through the

exenpl ary signal nodul e; Flgu+e 3 is a side view of an

exenpl ary dielectric boundary in accordance with an

exenpl ary enbodi nent of the present invention show n

count er sFigkise fris aperapestivectiew ©f Boigndantjonah p%euﬁ0c¢qap<ta$

traﬂgm%sfﬁgnﬂ@csthg{}w@ &Véﬁraﬁgén?erﬁ o@%Bﬁcﬂlﬁ%l*s\’tﬁro‘(lbﬁvﬂnoén@termmal of the
conventi onal pseu o-coaxi al transm ssion |ine show ng

PS%Hf’Oa?qaéﬁbHﬁﬁFﬂ‘“séPnd%ductors thr ough an end term nal

of the d t [
S de vi EIOUELBIoR AR i SRR A ey A Spie pine

prezeat Eménticrwﬁmwmm a8 heranggmannt &frcoad gewenthrafghca dletos Baving
beverz]r %@Cts fc?r éjac% g&&{ lge IE@)(AUQ% bevel angles for each

i've con ure’'6 is a perspectlve Vi ew
of an ex ¥ 9?@, I
accor danfgﬂ\%\ﬁét% h g}%p%%c )ﬂb@eorfrtt?%?émn@g? ge%ddlg?ée)gaent
trangmission dinedn @mcﬁgamqev\eltla aeleéew!a@é e{ji borintrig ©f t'a%ereéent

inveRHBh @l'io?/hﬁb%v@rofél@&ﬂég #ltA BevéiRgRsSEARersiPRX bAkinged along the
transmssion line;, Figure 7 is a sinmulation result of

ps‘%q:é) ?Q?E@H'éfﬁﬁ%m@s'oﬁr{m@l' ectromagnetic signal propagating
thr h I d | L4 _
203 e R SRR i L AN 3
sigpaegrepsgatimgethtaugh; thEiegramelaBa psaudr-praxigh tensmissipndinedh
ac@orll%i %'Mr@éé/ efgrjr:r{/)faw ngrrnggc?iﬁeﬁ't g %mgéﬂtqn¢ght@900r dance

an exe ment O resent I nventi on;

and Fi gugg, u?@Sé% § §F‘s‘%te!:tﬂié \Né\ﬁWf ah e%eh%ta@\} ﬁ?E i@Frace signal
within an exe ATE I nterface in accordance with

mo&#'eevaewmrgﬁyceewﬂbcﬁnrﬁéﬁfnpdﬁrv@ﬁ@OSrreefétrﬂf theypEFFENHvention; and
DETAI LED_DES PTI ON OF THE NVENTI ON_Fi
descri be5'94 " BRVEASFPEIRR V'W‘l’@ PAE ?%&8"3&%?”%8@%”" ATE
inté8ce iAcédriahcd with atexehpitry emigpdehent «fithe areskBBinvention.
transmtted through signal nodule 100 al ong spring pin
104. The el ectPorAdgEe DESCRIPGHAN Qb ToHaldENSION the
regi on 108 surrounding the surfaces of the sprin
pi ns, (nbiourel slesgibesd @nﬁenwiéﬁﬁv\wfﬁrfw'@%dnm%éoo An

ATg'lr@Je?fgéé'éléct?ﬁﬁﬁgﬂ&?e Adnd h6s @Gaﬁﬁni@m&h@ugﬁglgﬁdaﬂ e 100

dielectric shins 116 vmtmthesngnal ﬁ
propagates in the region 108

along spring pin 104. The electromagnetic signal
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 signhal module.

In the conventional ATE interface signal moduie, 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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I n the conventional ATE interface signal nodul e,

reflections 112 of the el ectromagnetic signal occur
wohers/doheo el ect romagneti ¢ si gnal encount ers t heCT/US2005/044730

boundary interface between the nmedi a surrounding

spring pin 104 and the dielectric caps 102. The nedi a

surrounding the spring pins i8-typically air. A

typical ATE interface signal nodule may enpl oy

dielectric caps whose dielectric constant is greater
trarisanssiinr coefiitient suarsdesscaghing steceaaised fransmiseigarifeough the signal
médgdrat ch, resulting in the electromagnetic reflections

112. The nagnitude of the el ectronagnetic reflections

i ncrease Wﬁtlbl@%pdihg|pﬁ%t(hb§smﬂﬁtnaﬂgur@f1)tda€sﬂg&h&ﬂtghlcnelectrlc
i onal | the for rans

caeagff?’% :rf?ﬁc&:’req?ﬂac}%j’ﬁf/égf%%mggagng 'éqflﬁﬁtl%{bsclr a efae resmtlng r@fections may
prbd@asmidesiaine tusstathbdtiveers edjaaéntrapdiob @insMiThusptige final

el%c? oIrne%PQtI:iggl QPIH%QSM‘%M% th%ﬁgﬁ tlu cmﬁ‘clggalt%%f%dule may

rre aps ve el ectromagne
ingledd wansnoinsion 1gss aﬁldecrwééaklk fiorgadiafendpiiemeNray produce
undesirabl e crosstal k between adjacent spring

Thus, t hétiamels have depbmagRde ineatsh GrrimPergnes aﬁm qiglggfric with
th%ﬂr"gfﬁg?n h;é&‘@s@@&‘{rﬂﬁﬁg ﬂ{éadprﬁbtqﬂ?d /:msmb@ tﬁ&ﬁbmmb Wiikectric caps
si on crossta rom
BB eHp Bepiesy oty Belsel RHant doR ST Ere R eve
Ccﬁ?f)orbhtﬁh AHel @ atatetalphdve rehedledthdtitbe wrmdhanlsalrteoﬂ_ledstr@gth of
L G i e
exanpl e, eE%& g{j&{ oé@@éﬁ%n% neBE %f*le%ﬂoﬁ%’fnle% PR ﬁ{tbﬁﬂace signal

have rev e mechdani cal tens e st reng
meodios ba\rﬁa@@emat@ foscomrensateffpicihertappgtivg gff%ﬂtfféB%gtenleéFrﬂF cap.

Foﬁ' Reamplel B irltey plﬁfdfé?ﬁétﬁr IrCa b@&l&ﬁt%f%@@fel&ﬂ@@f@ h&s been

efl ections in an E interface sign nodul e have
adéi?@&ﬁ‘t}’éﬁ%@ﬁé%ﬁﬁ'@ﬁ%%?%‘@%‘? AR ”&Y%’ém tive effect of
the die cg

exa t he spr .
di anmet er Cg&ﬁ%\?’lppgﬁagppttl r{})naﬁ'g?résg? Is,s‘T’c;:)n ll_llnlg Tﬁggr IEEE Microwave
Tfﬂdtmtredwmquﬁn Nel/émbér IWZawhba/éBZ&ﬁBinQothmetm@mﬁ pl|unger was

gr?%L:age ll\(}f' @é\/\% %2 o?tﬁ%egfr’%atgé{)h_g%ﬁ;gcﬂ\%géz@tsgf' tH8 dltéIQ&n::r%QE I A computer

sippaligtisn msmevgg\strtu@tedcﬁhamr@nautéﬂ th‘h Eqyirge gb%’}gtmé’é the fapered
tr ﬂﬁ%‘?&ﬂ WnERBNMES it @qﬁ@i‘?ﬁ'@%ﬁﬁﬁia@cé&ébl?Wﬂrbhé&ﬁlsg‘ﬁ)ﬁaﬁé not

dielectric cap. A conputer si

caeewgtof (edngavittRe the 6&1&%}{%64 i er“élﬁ’ﬂ? pﬂ‘é f?aeSﬁaPR'eo‘}d‘% fignal module.

tapered transm s
p ion line resulted ﬁBﬁ%g”eU nce match by

unaccept akheyprleﬁ 'Wegﬁ'gpn% SRS P veC apabl
ln’fplldrﬁenﬁ@gvmte lkbnditibe V\Lt[ere;theamlalmﬂjoﬁtheemsd@tsTM)Ktransverse magnetic)

fl%f g ek?ec%rom n%{t g(ﬁ)}%ge F&Qggt"ﬂ%ggjnﬁggé ﬁgfscdf%g@ Bign@Nmodule is
parallel w1th the surface of the d|e|ectr|c 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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I mpl ementing the condition where the plane of the

i ncident TM (transverse nagnetic) field of the
wehewtossssagnet i ¢ wave propagating al ong the axpPeTal2008044730

signal nodule is parallel wth the surface of the

dielectric boundary. An angle of the dielectric

boundary surface is thus detefnined based on the

el ectromagnetic field produced as a result of the

signal flow ng through the signal nodule. I n an ATE

si gnal nodakes 2 ilkiskates agsighal apvdriead@bdapiordinedo gy exemplary
err?tfo@ﬁﬁérﬂ%f%h@%y&,lenlaﬂ%@a@\t Tﬁw@%oh@&t@w){}l Phsd HﬁoU@QH@Iectrlcs 202

bet ween Sp rlna pI ns and dielectric ca

a”B@Q@l'&SW@a{ Redyisdiop riddidonsd digleckigisech taﬁé'ﬂeée‘gf'% 21¥ may also be
poSiG6EEY hlahl thad RInath ef dodelittonso bAdweartleeb@sdort & the conductor.
boundari es. An exenpl ary enbodi nent of the present
i nventi omm@ﬁurommﬁ\eﬁcsi@naklmlb@ dent intdiomg eand of the

| el | |
oGRS Pl BeL YRR ol LS Hyfo o ALHRIR R v ot
prepagatdsalend theRbpguefecopdpttgn 2882 The lelestroatagsetic siggaldesirably
paggég%?ou%ﬂ%ég&ﬂ%jb@ﬂaﬁ@ 288 mﬁ%ﬁpbﬂi’dﬁcnﬁﬁt}gﬂé&%ﬂ& iPfedidhe212

resent "1 nvention. The conduct or pass through

beﬁngn&glppig@s 2062 a@ﬁ@Oéoﬁlg@plgléﬁgpt i Eﬂﬂsgmtﬁ%out of signal module
200@d5i-dN Abs Boetfshiidsioh I8 froaSpabsipl @btduigh dAdiBcthy 20k aad 204.

be positioned along the I ength of conductor to provide

further guUgpotdfate sighelsappidaiiyt ltave afverelvaedtthriartag i@tz region.

.signal, 21 i |
s R T B0 SR e AP oIS o a
30dihcandhighaet Exermpiory sidnal edpagded swyainshetetdia substangplly
hl&lgpggﬁ&&lﬁt@gﬁwltﬁ RloRST lﬁ'\@c@B%ﬁH\}vﬁtﬁ' Qﬂélexgﬁlilarr?gig}ial module is

asses hr ou ectrlcs
noghr@&e@ t‘h@TFé'?qeé‘éf-? garals gng é@athe 29162’ fBéPWé‘ér?PP“CE‘t'O“Sr such as

cofH Rt A6 thatGhcld82 |rﬂ@@l\aQ%IecﬁiCGHQértsZﬂﬁeﬁdBatto lrﬁechanlcally support

ed out o0 na 200.d
e S g i A
elaatrdm20detiddiBnalptieatf e tiwogglaliserhypi cal | y have a
bandwi dth in the GHz region. Signal nodule 200
desi r abl wiomdmudats 260 showvf herguaesepty diglestricoe@4es havbey one
an% O%t Jrrﬁ??st bé??th %rﬁ%‘# II'USGQ‘?% p%@@é 3ﬁl¥/ Slhgﬂfﬂre 2, dielectrics

operate a substanti al

ZOB@ﬁdvaOdtafecﬁt e same bavﬁmne'q 204 t@H‘%‘QﬁcﬂAﬁ'@?‘}ﬁ'CS 29R@nd 204 show

onfXHE Rale S/\Plﬂi"l?éven’é’rﬁb—lé QOB,SmrBhE éxé ta@ﬁ ebrbolibent, all surfaces are
i nt rface SI | s an

sebi L6 Sor OB 2R T BB RE i 365 au g aphaon one
seghhehtedfithe Gpetiiebévl anglendecbracctlcaﬁimhamveaémgle $Rp parrital shaped

o g 563 Reeger%%% il B0ehi: BPRASELGE, U al o

ropdgati on o el'e romagnetic signals

that pasggt; | fe\]'i Oy Inhﬁ Ure gaﬂ@ileleﬁ@i@bﬂoﬁ I?E%Oa ﬁhﬁ‘@ﬂrfﬁ@é @04a and a

presents ectric 4 avi ng one ang
se¢0§dtfelrfﬁge 2Rdn Af@ﬂdwtpngw REPSEE tb"@#‘%@é‘%t Sé'ﬁﬁaye 2P4?1 having 2

cofﬂt@#b:‘rﬂ( 202. dtg%ﬁg&‘ét*sklﬂ@ﬁoi%%ﬂﬁlﬁ@% afgie Zgigzﬁem:;/%&% cerr]ltral axis
alongvtﬁe len %h of conductortZO%u ondh&o?%)g ur%her pasggs thzrglj"gh 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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only one surface with bevel angle 206, in the

exenpl ary enbodi nent, all surfaces are desirably at a
wepewidks@wo bevel angle. Additionally, dielectrieeTa82005044730

and 204 only show one segnent of the specific bevel

angle. | n practice, the bevel angle is a conica
shaped countersink 302 of Figlre 3, which is
convenient for fabrication. As illustrated in Figure

3, adielectric 204 has a first surface 204a and a
second stfiduae ¢ iRG4fatesta koodadt de H0@seHdns eeaxidhtigngmission line

40 ic[) oS LAkR O&Qél?el%ﬁ?’hg%g% FOUMELLE. Nt BLexample, center pin 404

ersink 3 esl at ang le 206 rel ative to
cargies e electrasagneticoTigna! r@edlteﬁ@tfwr AT HHAGAT 46dghich are

arrgﬁgé’dJ&; Slirrdi Jerérrtﬁrﬁ 4l@%$@§letﬂ9k@ll«kg§ro%ﬂ66@dTﬁisfli aﬁIQ one
al so havi ng count er si.nk esir

arrpﬂgemglaﬁ, ?faq:@%eugg Afﬁa)é' AGtrapApissy Hneha;/l'gls (’a&ﬁlnq g ?%Egtlaqu useful
corfiiratirisharatshben efor am@hBIeZ OBRefEvemp IDaty fardedic Engin&os, 4™

uded in. a n
colft R S R PGB E R g R 0B, 359 thd e
invientios s sai lonitdd We@rmg@le@manmwe%n‘tﬁmorb’sp @ peeusir qopxi@!
trahBmiRfnalde: Figure 4 illustrates a known in the art
pseudo- coaxi al transmission |ine 400 conposed of five

paral | el 1RidMgmMRsHH 12 2Bd ifedemplary dighs n@@tﬂﬂ@t@o typlcally

center pin 404 carrjes t el ectr ne
seqlh® FRVENE % eharadpiisticgmpe en%dg%%ﬁh@ﬁ JF*&JS 55?%5&588“? gnpedance
mai&lfds&lh@dm@éd‘dr&é olﬁ lt)Fplélaﬂ)éoamel a2blest piirtal Icircgjt boavde dnicrostrip
S 0on |
tl’a{lFl‘ngS§|%n I&ea?ﬁ: re eé e1: |°%?g§ ﬁafam% d?o( 9\?5 t@ltheT e>femplary
sngoahmogwheatSlgnai nmcelesmmayfhﬂdeemnélte ,aChIRVReff@r eheracteristic
Radi o Engi neers, 4th Edition. New York:
ternatl onal Tel ephone & Tel egraph Corp., 1957. The

present iRY@RALjaeRristic ﬂﬁbeddn@é bes tﬁaﬂs&l@'sidﬂglr@ l’ﬂay be governed by
arr angtenent 400 or ttg]ﬁ SIIDFls,eu o- coax al

the geRMEtgATANRBANS S ABSMEs HIF FIAMEE rn%'}ﬁ? ﬁpfé”%ﬂ%?rs' the
spatntttigtatee bewpdehalpriyng e and the bie&t&l@CWﬁﬁCﬂf ¢tié siedim between
th%%%ﬂj@%terﬂ%cfi? %rg%q?t&e%%rf?@%ﬁ‘ar %ﬁcoa)rggé gndg%?oi%%%ﬁ region 212,
is typicathedirciQtber metbieemaissI@@E@h%d&eleﬂanmcﬁsmmtﬁ p ey loss
en95n§[¢,tﬁ%l|ee‘%lter hgﬁég iqgé(lf)cé'}‘ﬁj%nf méltecﬂﬁy copStamtt ached to
I e

e exenpl ary S|gn Si gnal nodul e 200 nay be
desi gned gb.@mBEh 8¥RaIThb&lie PDoMGE &rddkids J08NAERABS@ate with a

val ues. The characteristic inpedance of a m ss
PIaNRBleisl A YRR TR 45, SIEFHEOBRBIREE 1ok Fh G R O i ted to
TMmebrSﬂEIlilW@avtéi n‘iﬁdesthEa diramet @éonﬁ)étrlt: la&a&gemegt pf codduttoes forming

spaci.n st an
= i BRuETRT . GREATEr PR nriructyt B Spaler ssametnpr
combdiars SommiogRdrartseissior e, pTlnsexemnrdal'vemglealmﬂnm@bP desirably
opgrg§e§ With %ga'c%m%&getic signals having distorted electric field vector. A distorted
TM field vector may occur where conductor 208 is a pseudo-coaxial transmission line or

im

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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is typically air. OQther nmedia may include ot her
dielectric nediumw th a | ow | oss tangent and stable,
wonemweswy | ndependent diel ectric constant. Exeapiuarons/o44730
signal nodule 200 with conductor 208 may operate with
a planar electric field vector froman el ectromagnetic
signal, such as but not linmt&d to TMJ or TEIl wave
nodes for a circular geonetric arrangenent of
conductors formng a transmssion |ine, or TEl O or
and e uereyeang@riewyivery withdbe Smpuefdnpyfcdgral withept affecting the scope
of GRNHHSIRNSBBRI NY @ transm ssion line. The exenplary
signal nodul e al so desirably operates with

el ect r ompgBQditien $b eHAdiSlcB@i¢icBstdht E@Hstiethte lo€ Biefdcrics 202 and
vect

ield vector. A distorted TMfi el or ccur

204, G IS D biastha) oy AT T g RS PR REE Fpgent tess
thani hé aver _tma ﬂndéch&lncy_c mﬁgegmf_rl:al ﬁocntsiegsﬁ)i&ﬂ @H_t and $ighe?. ahe frequency
riRdp BN FLAS L 5 LN gt gty e
The lesgdangfenbquiredtdepeads uBD WriaPahertiongHdhe sigRal module. ATE
mtérrfé'&tg@%r%rs rréygsqéa% loWak f3s thiReftLiRatdther sfpNedRiNs, | S

desirably between 1 to 5 may "be substantially higher.

Thef di el g@tnrrﬂadéq @ig{éﬁir&ﬂhaﬂeﬁalﬁfiﬂ%éd abbyeraplas ﬁt@ﬁalqilcf@iul@ 280 may
. rererre an . | e constan \Y/ e an .
incP G b oo B, T a0, e el Pl e Byviny'-
chlofid¢ Aied eixe@phar yatirigisanaybeubed pidvidedichiey ddvel b dbve ddssitangent

ns t, Vv : i

(rof BRh R gk Al 1) P GHRREY ARAR: FRartEfol L bifcdfon
requiremeniss et diefegtire ineterials, inchuding these distedHerei uhét sdree loss,
albgﬁgéférﬁéﬂ oSOk rnﬁ‘éWFé sidtir&d p&dilgime, 202 and 204, the

ectric materi‘al also desirably includes the
Pr oper ty pedording Q§f$hébgf?€ﬁlt igb]&&ﬁ)n:, Eg(r)él&trbnﬁggétrilé h'ﬁpedance match
requency range of DC to_a a n i,gher., .

at S P gt S Mt SR Bl R A Y HEpenieved If the
pladle of kiedinyideeisTM tilethofOth afmyrobmgaatis vane ipeddagatingbleng the axis of

The l.0ss,tangent, Ireguli e . |,CcAat |
el 5y LRI PR SSL AR B0 RGREBRRBLY Al G
bouretpuy iseat] dspecificdmyet argenTlys bRl anghrels deppimineg fremsthe angle
whgn%;m%glg%ran%@%tie r&FRIcEbh @‘3&09&%@ 4 fer8XRM. ary signal

O may 1 nclude polytetrafluoroethyl ene, FR4,
Ul It en(r) l‘l’ﬂ%@@ﬁfax%edﬂhéHﬁglé&r)od)fﬁ%'e)@émﬂlaﬁ‘vl‘émbodim%nt is desairably
pol yvinyl chl oride and air. er rjals ' be use
SMBPTELAHe nltfﬂa@aﬁsr@egfﬁ?'r‘swaraagktottgﬁgﬂﬁe‘éf%?neg%ﬂﬁﬁ%me Where
thdyarteridtaand wherathd ¢ect@ndgnetic arvetmropagatied albhe afliopar axis. The

su r#g% ec?}ﬁﬁl? igfze?eltckrgﬁn%%s?r%ggiy)t’ (ﬁoggogﬁ\%:to %Inl 's%u?‘)‘a%g % Fhlceb'll'l\{l figlg n%)r other

i'ste ere, ex
eletiwempgedtievaveacaditidns] oss t hat may be consi dered
negligible. According to the present invention, an
el ect r omdgpengle whese glestremaanetic mflectiensppiepehy? BiniMpe value

ma?q% @alé’MéétE? @%1&5 Qhé PEinibRL BF b BréwstePshgie! STheBreRSter angle is
cor?\r%oln%x%he !':lrt of o%tical and quasi-optical systems.

For paralle! polarization, the Brewster angle, 6g, 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).

g, sind, = \/EsinHB (1)
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pl ane of the incident TMfield of the el ectromagnetic

wave propagating along the axis of the signal nodul e
woo@awssdsbel with the surface of the diel ectri @CT/US2005/044730

boundary, and the boundary is at a specific bevel

angle. This bevel angle is determ ned fromthe angle

where the el ectromagnetic refPection approaches a zero

val ue. The surface of the dielectric of the exenplary

enbodi nent is desirably snpoth and contains a straight
wherges: pad at:1ae¢ the didlectmardnstdnds of segionst 1 pnd Rdesrsstivplgraad o is

thb he¥adiNb @heRdr regidnwher e the el ectromagnetic wave
propagates along a linear axis. The surface of the

Fr@lmednﬂgre dge@nféw, [Ny thBt b:0=30°i- 39S W tbAGRes Batt he
field for other electromagnetic wave conditions.
The angl e where electro %iéc B§f1 ?lons approach a
m ni nrum val ue may be cal he principles
of a Brewster angle. The Brems r angle IS common in
the art of optical and qﬁg £j cal systens. For
paral l el polarization, t Bréygfer angle, B, exists
where there is an angle of inc fence upon the
dielectric at which the TM Fresnel reflection vani shes
knpywp asdiRueRES Lawand typisal|Yes®rensee @ dePW The initi al
condition is defined by Snell's Law as shown in
equation (1). / ~sin# (Dwhere Sl/and e2 are the
di el ectric constants of fegidh d 2 respectively (2)
and qt is the refractive angle gion 2. From
sinple geonetry, it can be shown that gt = 90 - B
it follows that known as Brewster's Law and typically
expressed as bel ow For the exenplary enbodi ment of the
si gnal mFQukhe exdmepipeicimbegigent efsthesignat ipdulgpsite Paeel angle is

degél%e‘?\@h?bﬁ tI‘Fé)H@e"émc Qhnstah€ otk @eikkire; tﬂehﬁel@!:t@ic%hﬁﬂaﬁt of the
const an he nmedi a surroundi ng the _conduct or

and
medig S‘érﬁwréj'ﬁ tft%@nﬁmorreqn& t@é@ﬂ‘@le ?frtBFnTﬂ"hfée'd Vector from the
elekR6iagnBRQEIghaIprepging RICREGatdoRguabang t he
conductor. The Brewster angle conputed by equation 2
above asJusEsetbter dheglkestputedipdequativa 1 assleassymes the dielectric
meﬁcf%'rar% I%)g%gsrs, %hgﬁ'gtg i: 9@}]{)g?e%@ﬂéé{l"%ﬁﬁ&c%vﬁ??n@%?e nonmatT:Jr%etlc The
Brewsetedaregl@d:qsres its meganinaif tmmdlel@gtrmmatar@l Inoegipns? ﬁd@sw since it

w:%kﬁlb@%momﬁle@vﬁgéﬁ’h@%cﬁf@ c‘é‘ﬁgtawt elT‘Pl‘étEfré\Qst%PQﬁ l@ri'ﬁay B_@ @hodified
Brewster angle may be nodif by speci f he real

by sraciivirgytheaiey! and iadnary Iﬁérté&ﬁﬁﬂ‘ee‘korai"é?(@&‘ %%C The

eletRiagasmanrgtitor &dd gsirbah £ afiniafi Qack iBwdirdistat@equation 2 as
value if we re-state equation 2 as qgBtm {e2R - j e2i

) I ex . (3) 8, =tan™ \/(ng — 7€)/ & - (3)

81r

This approach is known as the Zenneck Surface Wave when the incident

medium is lossless, such as air, which is the medium &;.

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 angle is not a
classic Brewster angle, but an angle that accounts for electric field distortion caused by
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Thi s approach is known as the Zenneck Surface Wave

when the incident nmediumis |ossless, such as air,
wohiwhes@ot he medi um ei . For determ ni ng appr eOTiUSR®S/044730

bevel angles and surfaces for particular applications

and configurations of real materials regardl ess of the

| oss tangent of the di el ect i€ "and the distortion of

the TMvector resulting fromvarious configurations,

comercially avail abl e nodeling and sinul ation tools
thestypR oA SO ustare ST 357 BFRUSOTRIRXIADEIRAPTRISSENVIBRs ey qiteria for an

elebb @8y U tiERT B Ate ﬁa&ﬁmrblthé@asﬁ@éfmba mJé@@atlo'FD(Z) but the
accommpdat e di storted el e‘ﬁ ric field t.he bevel

P SR CAIS e T TS0 T oo REC TN BRoL Rl dBrtion in
orddr 36 acdontoddtaehedendarizterid.ne bevel angle is not a
classic Brewster angle, but an angle that accounts for
el ectri cAf ke spatifstherel ayle valsedelegirdneaangiic refiections approach
ze smi oltofth m bs i s't igh value
ONFHIGE BlorniSHGH oASortn SEIHAPREABNK] RbsdduRRBYIRBHUS k) B

he criteria for an electromagnetic 1 npedance match
as Hrie cernowalyalsneht frﬁ@orhrerﬁw@@ﬁmﬁl%hof(ez)er%t t he
i mpl enment ation desirably requires nodification t

acoount | To¢ TBPEVERER i UpRFPSPG % PORTAH R ppendent upon
thea§i§RMREatRcyl, NBRquéaidytdebeaderdt i$ ditepegithé Erehesedy dependence of
the?gig%str'\hfsﬁ’lggtiee;rigﬁlg?eﬁ%éf\)/ Mg 8% agferxf%h%)?acr%l 3 Sodﬁtqegll; \ﬁl%]'e the conductor
is & trasgqissioh llipej frpqueney deperadenicg s aled urelta@ biytthe @lectromagnetlc
mo%%%?%"fyfr u%WQy Weﬁ%&bﬁ t& OAREYRIoh e HesRREFIY - The

fransm ssion Is broadband and not

dependeml’hé‘Qp&ehhﬁvéhwrnaﬁlrtﬁoéﬁ&%d tgraeﬂéll%lcrﬁodule W|th multiple
dependence is |imted e/g t he frequency en ence

copqsts ATIOMNCiNFig B ical Figwiem F*ﬂ?"\’ﬁ ? §ir°S¢6P e@%ﬁ?%?fy"“e end
of 8 iRAsH:REBip w@rreumb@ ©ABALt6E0501, $0a atnﬁammrmsn@nhﬂougiethe

frequenc al s
ol 0 g 8BS BB e o B e DY b ey srgeament o
thd pansitiiagerdionl. i ne desi gners. The present invention may

be extended to a signal nodule with nmultiple

conduct oFiguras shhoahevel arglpsrx985 S1fagd bd 230518eR@NdINg to

cor&%&@oﬁ‘s %861 S?fi‘ %Cpﬁet R3308 E’éve‘PQﬁ%@E ﬂlu@fra@dq'le@é %‘dré'a@cd?@ﬂély

e conductors and 506
depif mgmpderi@er&ﬁap@eﬁ beve! Bagesn thm et iace, Jﬂ‘abe"e' angles

ardTBEHNaB2RPESIsings be tidRKREAY. arhe eutpid crmtergfniks ke desirably
ad%fesent inventio ure 5 shows bevel angles 508,

BNHR PSS IRESF F %‘bth i'ng to conductors 502, 504, and
°06. Theﬁgeve' D SRshat 4P @%%%&%ﬁrﬁ?wf%.m%@ Ak le¥ch

depict t on o
remsdrm@hrln@lvsiuaf alr@uctﬁhef e exaraplg) @ﬁv%rrv\ér ede §peuds-goaxial

tra%QM%ts%F\Sﬁn%ks%cﬂ%s llﬂfstlgtéﬂ ﬁlcliléurré -4 Jh&nhBMtrbh&thBsion lines, or signal
countersinks are desirab jacent to or intersect
cagyiog cgnnpﬁgtor The exemplary embodlment is not limited to a devnce of three

conductors. The exemplary signal 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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The conductors illustrated in the enbodi nent of Figure

5 may each represent an individual conductor of, for
wexepbsseoa five-w re a pseudo-coaxi al transn BETMIS2005/044730

line such as illustrated in Figure 4 or other

transm ssion |ines, or signal carrying connector. The

exenpl ary enbodiment is not "limited to a device of

three conductors. The exenplary signal nodule may

contai n any nunmber of conductors in a planar or other

sui t abl elmﬁmﬁg@w@hslgnm dowdoletendugialy trpessjsaiea dines carrying

an@ﬁﬁﬁtﬁpl%ﬁg ok BighHis BirdtHdoBBgEFRNveh %M@M'd@:ﬁn@@ as snmultaneous
propriate characteristic |1 npedance natch t

5'96%'ﬁ RERRAIIGNA Y P pallerdizeqiione N conglegt thpt PEY nt%fetvmsre

sinfiltahases anélb@r@pr@b@@étﬁngﬁmfaﬂ artephrallelsqiatiod e The exemplary
the e netcrflecmnal

onductor causes
eGSR oL es aha ey btod T eRe i bdf e o batd
coraliji@cemnutthmemely. cr osst al k, both even node and odd
node, decreases since there is no reflection nechani sm
t o cont r Itbigtuaderstaodehat Bwsingentian ia npt tiinited e omdtiple

cleStrGRakhd&th S|<_5WAI§ pg?wmrsah{eﬂtﬂ%&@lS IafHﬂ\gI rhUﬁ@le conductors,
carrying_any i Ci Ih%na s si mul taneousl

reSPﬂ‘ét'V@!)/enF?Ftﬁﬂ@”"lpJﬁ aoiehgltaamap [ FEYSPGRaPe ifto the end of

cor&rugﬂﬁ%tzl Wiigild @séi:.oﬁalreiﬁctr%hdi_jlnéﬁ@blgfm ,may pmmga@séutto@ tigdend of
0 ere Si t.aneous na ar e ro |

o O o SeatoE PCe T gH e o i, Il SreBeSAtEaH fafptior

oppmiteithe ficdteelatrpragnbtinaghan of even and odd node

propagati on conditions sinultaneously. | t is
under st oBiffaraeit elediewnragreticisiamalsswibodifiering tetattriofield vectors may

béﬂe&hﬁoﬁhe&ha &%2 %Osf' SHa g6 REPRELBN NeedpBetiB®evel angles

rection a pl e conductors
50%%1;%@1(1 82 wavm@Fh é’ﬁzﬂ?ﬁlgéed £°ffqhﬁﬁe%ﬁ'%%'ﬁF%ﬂ‘ﬁaﬂ%ﬁthé‘g”a' and
may! W' a OE¥rdit QRGIEab einbl e rédietiendfopthe QMMGFaE klebfi@magnetic

St oy PPV G S CUFITLT Ao 80RO TR GULEL K Porteur application.
The testtthansgree maiusd giidhavelumirpmopagathesnelincrassialieetd emaximum

of '%ﬁég‘%k%%%”g? Ehdsksighect romagnetic signal. Different

I'c S|gnals with differing electric field

vectors Ry .Weﬁﬁa%hﬁnéﬁrb%ua&t&,%w Hﬂ«%ﬁen'ég%o aﬁ%@a%f

506 resgectlve tive bevel 08, 0 and
examplegmyNe SEAMPES B3 iNG dft@rmqrﬁéle@ﬁé‘giefqoestrate the overall nature

of BleORVERITAINEILE etdriplal apd Exdmyahlg not rastiibdthveastans invagtien.
to renove reflections for the particul ar

el ectromagneti c signal. TEXamalt ows manufacture of a
signal nodule suited to a particular application. The
resul ti nglgsl'r@'fallluamahelsenvd%emdim‘yepsaudﬁ -poaniarh tofnsotigsimmeline 600

mtﬁrf(\)/‘(i_sdleléél‘ %s %B‘é}ﬁe | nv %&‘f’l era?ﬁ’ BERY 'aYcﬁlgsﬂe'Pzﬂal) coaX|al

Ion W next ['ustrated
trapgmiseipa diea &d 0t dragh diglerdric §06 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 signai propagating through exemplary pseudo-coaxial transmission line

600 versus time in ns. When the electromagnetic signal propagates through exemplary



15

20

25

30

35

exanpl es. The exanples are included to nore clearly

denonstrate the overall nature of the invention. These
wexepps®so ar e exenpl ary, not restrictive of theCcT/US2005/044730

i nvention. EXAMPLE 1 Figures 6 illustrates an

exenpl ary pseudo-coaxial transmission |line 600 with

five dielectrics 606 spaced &part from each ot her

al ong pseudo-coaxi al transm ssion |ine 600. Each

dielectric 606 has a bevel angle countersink (not
psesHowepxightraesnhisgipritise §00dths) ispedarcegs @bgat a9 aAhmedasidlustrated

by HR3& 7Hed ERDRMEry Er%SH@ﬁﬂ*réh@@bb @lemtohamtr@s&ﬁamtﬂdu@ﬁ tﬁ@o
has five spri n% %l ns 602 and 604. nter s &‘%’8

elegigomaspaticcaehen URESTF diteRpvadiaty onghian ARG
dieleotiic 60B)ithg bpvdl anGR2ountdrsinkabe each diefpettid sigsificamtlyreduce an
. center pin 604 are eI ctrl n r
mAEIn o RIFe s Rt R kel B A o s hina
S|nulat|on with respect tpyeygmPbary pseudo-coaxia
transm ssion line 600 is nom1descr|bed | npedance

nodel  si ﬂ?ﬁ*emdgoﬁbv{? €5 Figlise 892ar &ldasiisat £re Qﬁnélm%@ fhodule

in ohms of an el ectromagnet’ic signal propaga

80Q witbupH tieleeipping MinH3 B B0 WbASSCHPEY r ASHAIIYIGR BIO%rﬂaf digjpctric

ma¥8a$ Usvdrk BRd killpptits MG gikesed.ect romagneti c si gnal
propagat es t hrough exenpl arypseudo- coaxi al

tr ansrri saisectidni crfe'eﬁﬁrﬁ)er dalpes 02nip &daires-allussradibd it Figiredtins Retainer

ca pgz?o% ug tt?paéor?ﬁlq %04 Oap sué(g ?Sﬁrtlz:))ﬂ BN r&%?fgk@gf]{o#q?gtlon 804

at aI e el ectronuagneti ¢ Si
incledesa nvﬂte‘ﬁhtym bbwmr‘wcmmsmk@ R0ehAnplesality woampasku r@%\@ﬁs

extg %J S&We'eﬁ b@@e@anﬁ;l’éecoti’,l%\’&gm%‘gb@ aﬁ@lérge%ﬁdl Bl$aRbrR8S Portion 804.

ectric si Icantly reduce an inpedance m smatch,
A seennsl swafase §;Lﬁ,oﬁ§opl ﬁgtlpﬁ-@@&dﬁ@élagﬁu@wn%@o%m% have bevel angle

courtWRkE dae ReFRIchinig IAMatiéhsEi gure 8a, an exenplary ATE
signal interface nodule 800 with rmultiple spring pins

816 is PAWedﬁSsmgidJQdm NG etcﬂidmctnamas&zalofavmigei et sudace that
. errral co n .
o QR S A BRGSO SRR B ol gy s
inclEidgsipper8lyes Retrespoadingalp tsemragrea in the pRirineoeRrB®R and the
cou%té?%ﬁings RP BE\} Qn&é?shwﬁs f1'4r S]‘hesfhlgt‘C Affacelor bePeIRAlel Mm% is

es a P uralit bevel angl e countersinks 806.

disposgH adiageny %tﬂﬂeasséqaracuwéacscﬁéoeq&t@hegrtt%'t%bw rgEAjRg cap 802.
ThQSHhBins Q&M bedisleblfz @%n@t@p%@%%@“éﬁgﬂé@hm‘f 81 Dpunction as
portion 804. A second surface Slgb gvp &ortlon 804
ond) tainet with St S EACER 42 HBE SoNBa WA U ST fngl e
countersinks d i. Ni,.N I
angl e shf‘ﬂw g L{?ﬁg Sgwngggllse% ?sgd %%@%énagaﬁgﬁtggvﬁz of a first
retdineistaps80Z aba sidetpargorf Ba2 oﬁa@e@r@e@mdel_smpf% Agsembly shim
81§)ﬁ¥se£p§9l9]e§ cSPENORERGHE She BRYBlre@ MOtk $EaMek ¥aS BBE. Assembly

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

e?ach

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



i ncl udes apertures corresponding to the apertures in

the retainer cap 802 and the countersinks of bevel
wangis@esdsbm 814. The first surface of bevel angCe/uskhiosi044730

814 is disposed adjacent to the second surface 810 of

top portion 804 of retainer cap 802. The conbi nati on

of dielectric retainer cap 882 -and bevel angle shim

812 function as one retainer with both surfaces having

bevel gle countersinks. An assenbly shim 818 is
retgingpsar80be Bitearrrypiaed b et firghasd seeonddetdines capefar gaglose
spi§RPpiR9 3 18NdtHAn SkelBpRPY hireBigRddntlrfate $e6AMIgO®L ai ner

cap 802. Assenbly shim 818 has apertures correspondi ng

tchJ thg gmeéiemsﬁry Ig‘lﬂﬁ sigabl ihRirRce efodidd 8 60 2l1 a%lseﬂmImundanes

shim 818 i Sir [ electric
gy BierariggeEm R SR Sy ik be R BhFRS GoSaP B0 i o gt Boove according
to almlexetslpkmdmgﬂctcboﬂﬂhe papEnt investionAs Ererpblans moduRIE s does
noP&B%%S% akc gﬂ§thﬂg pins 816. A second retainer

evel angl e shim 814 as described above

ar e COUp!AﬁF’oGgﬂ'g{ﬂehﬁ{/eﬁt%n IH ﬂﬁlgirgfédaa%oo(ﬁ@cﬁ@éoahé]%fn Wltﬁ heference
bot h surfaces havi ng bevel g e count ersi nks,

to sRRCHICPTRAATARES/ Efaep'nselzt'%h'a gk tbaRraseipete 'm@#det%merﬁeta"s
shalift Raﬂtehararnouglm&ﬁﬂ@piehé ufac?s:etnhg%ez crogfee@aanl B;i/_vltlﬂnttlf‘\\@scope and
pertures [ retainer. ca . urality .o
rorgr g aine Rt &R 2aA i a erre St FiRobyir Gine
apertures between top portion 804 of first retainer
cap 802, first bevel angle shim 814, assenbly shim
818, a second bevel angle shim 814 and top portion 804
of a secondretainer cap 802. Side portions 812 of
first and second retainer caps 802 encl ose spring pins
816 wi thin exenplary ATE signal interface nodul e 800.
I n exenplary ATE signal interface nodul e 800, al
di el ectric boundaries are thus provided with
countersi nk bevel angles designed as described above
according to an exenplary nmethod of the present
i nvention. Exenplary nodul e 800 thus does not suffer
frominpedance m smatch. Al though the invention is
illustrated and described herein with reference to
speci fic enbodi nents, the invention is not intended to
be limted to the details shown. Rather, various
nodi fications may be made in the details within the
scope and range of equivalents of the clains and
wi t hout departing fromthe invention.Wat is C ained:
1. A signal nodule for electrically interfacing with
an el ectronic device, said signal nodule conprising: a
dielectric; and a conductor extending through a
surface of the dielectric, said



surface | ocated away from perpendicular relative to an

axi s of said conductor and | ocated based on an
wehewtossasagnet i ¢ field produced as a result of pargisgreain4730

flow ng through said conductor. 2. The signal nodul e

according to claiml1, wherein said dielectric is one

of a plurality of di eI ectricd®-said dielectrics spaced

apart from each other along an axis of said conductor.

3. The signal nodule according to claiml1, wherein
WhegiigiCldineg&ct ri ¢ i ncl udes a di el ect ri c rrat er| al with a

| oss tangent | ess than 0.1 over ( ? GH%] .

fr equencg- r andesiangl mogyie @F&Wﬁf”%‘dﬂﬂtgr %\%’2:%}"’6"1' Ry glgctronic
de¥ik@ dadlsigitdlenedule saingristhgl ectric includes a dielectric

material with a dielectric constant between 1 and 5

that remains eafisieanit; awer a DC to 30 GHz frequency

range. 5. The signal nodul e according to claim1,

wherein sai d ecoddactor extending thyough a sufece obpirediclectric, said
sur@é%élﬁcaé@tﬁ %ﬁ%y%drﬁ%@rpeﬁhl‘éﬂbp%ﬁtnﬁé {oVE axi9 bARAH 8n@dor and

nodul e accor |ngto claim1

|00akﬁé‘r@5ﬁd eBjan @eﬁa@a@wtwemrpsu?ﬁfe@s BiEsHIGR{S ﬂﬂﬁ‘%fkowmg

throf¥h kA8 Tohdi@ent and stable dielectric constant. 7.
The signal nodul e according to claim1, wherein said

conductor.is arhérsajmnmsuleractmrumg . clérhel,swgemin seidl dledectric is
on?% q pg.gglgca qéjgelg tlr*rlli:s7, sawqaeélgétﬂcgc' %%eh %Q%rﬂcﬁﬁ eggg Iolcrﬂa(f‘ along an

transm ssion
axisodshié caodoetdi.ng to claim 1, wherein said conductor is
one of a plurality of conductors wher e said
conduct oBs ar @hssianetmegrletaceorginctacteion hevherstn waid diglpctric

indiddQUaleig i@ HaRH8CKTth 6 loskOand &t 1860thah 01D EVéEa DC to 30 GHz
according to claim1, wherein an el ectromagneti c wave

fresw@wg"av%% al ong an axis of said conductor. 11. The

signal nmpdul e_according to claim 10, where the ., . .
surface 8f th SiSQ@LF%ijleca&ﬁ?rgm%to iy { Vk'sorseL}'r?aé%g'elecmc
inafdean ditlectricanaigniet with fai dédalelctut c9a$tdnEb@WBe@riaag1Tb5 itleat remains

comgﬁt o:k/%r a D 558! I‘gggcgjléhgy Sal di ng to claim 11,

wWherern Said 1 3osur "el ectromagnetic field

is planak, 13. gré?gr%'l %@hle'ﬂ%@éﬂdﬁ‘l@&c@élm NOvhérefi] @idconductor is
11, wherein sai I'sosurface of sald el ect rom%%netl
ong péptjlepgt @irpepriarasp, brass alloys, aluminum, silver, grapnite and goid.

6. The signal module according to claim 1, wherein said conductor is

surrounded by a medium with low loss tangent and stable dielectric constant.

7. The signal module according to claim 1, wherein said conductor is

a transmission line.

8. The signal module according to claim 7, wherein said transmission

line is a pseudo-coaxial transmission line.

9. The signal module according to claim 1, wherein said conductor is
one of a plurality of conductors, where said conductors are spaced apart from each

other and extend through said dielectric.

10. The signal module according to claim 1, wherein an

electromagnetic wave propagates along an axis of said conductor.

11. The signal module according to claim 10, wherein the surface of
the dielectric conforms to an isosurface of an electromagnetic field of said

electromagnetic wave.



14. The signal nodul e according to claim1, where said

surface of the dielectric is at a bevel angle relative
woaomaesheaxi s of said conductor, said bevel angCeusei08g44730

an angl e where there is substantially no reflection of

said el ectromagneti c wave at said surface of the

dielectric. 15. The signal mdaul e according to claim

14, where said bevel angle is calculated froma

Brewster angle, said Brewster angle corresponding to a

di el ect r il@. coréesignabmogHle aeserding 9 HaBuhbi Waerehesaid isosurface
of&ﬁ@@k@&@ha@ﬂ@h&h@dd&Shﬂsﬁr'C constant of the

dielectric, nodified for distortion of an isosurface

of the e|1SCt r Q‘lﬂiégfgﬁ?\bl gotilel dtcortifng tohgaisi gnaklhérethudzrd isosurface

t db I I [
of P8 BlectrofheoRefit ALY fotiffban 'sai d conduct or and sai d
di el ectri 19 1%82 %a? Helle é@%lm tgcc?é?ﬁ"ldi r\ghér% s%*oaéLm‘ace of the

16, mhereln sai eve angle
diedsichrixt isatragheme) anglﬁm@ldwﬂ:@ srad @Hlsa?tf saidic@ndeerateaayd bevel angle

bemsta\f’{eéer%lé Wl')gr&%fjé‘%ts‘%stéﬂgalﬁah@ r&HeBlSEbf dfid efBtrotR@netic wave

8 | e according to claim 16, wherein a
até‘ﬁ ﬁt”é‘?‘éfi ﬂﬁ(tl'ﬁeﬂ}?'ﬁ@tngal d bevel angle is provided |n
said surface of said dielectric,

| ocat ed &P sai'dCSEARLER “feac‘:\ﬁ%rélwgstglcga'@oﬁ% l5‘?)?‘3 Sgifpevel angle
is Gduthtdd eﬂoaﬂ:tarBréwstEBandTh,es&ﬂ gralstanahyle cacespodiding th@ dielectric

cl.ai,m vel .
cofai el R N B fnd BF o URlsE RERS Bfifediue constont of the
dietdrbnicacnedified far dlstpléldamé@nososanfaeqr eﬁ:lﬂﬂleuat%ntrqi@m reic fleld

coupl ed to said signal nodule. 20. The signal nod

accor di ng6t o dihaisianelhmodyieccserdingcte ms 'al?réIrb%ﬁ‘q pgvel angle

is I'o§at@<ﬁ‘%t afpotmbiblyblwee Ea8 @8ndIMier fdsdidgicnaedid.pl e
surfaces have respective bevel angles. 21. The signal

nmodul e aqgor diThg stghlaDhﬁUURe]a‘kco&&Igiokmmi 1@nghereinssatthbevel angle
of ,a pluraglity of. espect i
oriiseah 5t ig s et s e rrsa bR adeY intfee pae
coductarasid sanddiefectdd. d respective plurality of
conductors is different fromthe bevel angle of the .
ot her redpect iThe sigmatinetblesaccoingTieclaiingHal Wigrgin &countersink

haﬁﬁ&%i@l' B el Qn&!a?é B?o%?Hed"fﬁ‘@él@'s‘&rf%Eb & £fd HRIREAE Il countersink

I's one of plurality of electromgnetic
locgtegirﬁ&@ct P%msdmw Pewe@ﬁrsauﬂgwr@aﬁar BT‘%F%%PF{' e@rlc
conduct or.s, rein Fg‘ gst one o

el ectr omianet | §|S§9ﬁ§ rﬁcﬁ?'idfr@otot‘%f'%bﬂ \gl&§r8m said bevel angle
prdv@;ﬁd@&ctharectlél‘lsmcailmﬁey!aoée thandulsdtantially snatichésa ehératreiatic

‘mB?Cf?gFe Peéé(eémi lcaﬁ dgwg' lesd Eoz%”dg%ﬁéﬁﬂomFOUgh t he

TTVE con nodul e

accordingato Gllhg's'i'an%?mo%f:‘eraeécgrdﬂjfg ﬂoe@aﬁﬁ\ PREHA surface of said
dielectric is one of multiple surfaces, wherein the muitiple surfaces have respective

bevel angles.

21. The signal module according to claim 14, said bevel angle is one
of a plurality of bevel angles for a respective plurality of conductors, wherein said bevel
angle for at least one of said respective plurality of conductors is different from the

bevel angle of the other respective conductors,

22, The signal module according to claim 21, wherein an
electromagnetic signal is one of a plurality of electromagnetic signals transmitted

through said plurality of conductors, wherein at least one of said electromagnetic



said el ectromagnetic signals transmtted through said

respective plurality of conductors propagates in a
wdiomosswn opposite fromthe el ectromagneti c sPgnAS2005/044730

transmtted through the other respective conductors.

24. The signal nodul e according to claim22, wherein

sai d bevel angle is one of alﬁrurality of bevel angles

for a respective plurality of conductors, said

plurality of bevel angles provides a subst ant i al
signeld dEnsontted tf&P%@tsqlélrﬁspﬁég\ﬁe@H@S\( 8 Fyigkars iredifferent from the
ele@trHr‘r@bhéﬁv’c En Rt aehéAMINSFoyhThe Bah& - reddactibe kBN REOLrOf

transmtting an el ectromagnetic signal, the method
conpri si ng; (H)1e Bigodi ld\loﬂgleeacScbrgmgltomlmm 22 whiherkin at least one of

saiii:l %?%E%ﬁwsag ngm; gg Cglcg?a n%l‘qmt%%ad etﬁo@??agg 't*gsg)egﬁ\gee p@'ré]@y of conductors

propagatesfin ardipetigenpibasite from hexelesteomagnaticesigralotrassnigted through
thef%?t'?ésﬁiégn a&é)ng&gtsace based on an el ectromagnetic
uce

as a result of a signal flow ng through

sal d CO”QHCt Ofrhe %@wapfn@dhl@' d%goraﬁ‘ﬂgctoﬁiléﬂﬁ{ P DIREYRIN aid bevel angle
gnal to one end sai d conductor in _ sai

L M L R 1
plu@&ﬂ?%@b@f/el a%@les'ﬁlﬁ@nﬁlﬁ Hedbasemd dedgtibo of lcedsaitdfk, between said
ectric one of a plurality of

res&ﬁ‘é‘t'veecﬁr.’]'f’fagéy OP%lFﬁrodF%?r}seé'tc SIPESs paced apart from each
ot her al gng an & ,ﬁéﬂh% U 18 ﬁ,ttgggt%ﬂ%té& r%tte*s ign8l, £h&€Rethod

(c) said’Sign ransm rou sal

codpeg$iegtri cs. 27. The nmet hod according to clai m 25,
wherei n said conductor is one of a pluralit
conductors, wh@yRroyiging %ét@@éb@@?‘é‘ed\‘@‘:'éﬁﬁﬂ-@ésapart
from each ot her and extend t hrough said dielectric,
said signal is oneddfelge 'Icu?%dlty of signals

transmtted thr OUQ%gcs?tlgtq%tﬁgre]%e ézmg WHrou F}:1e§L[r’ch‘éloy{:hezélielectric,

The et hod accordi
saidfsusfacel awibg frahs perpandinilat mjaumﬂolmmmpﬂsm@ndmmfssald surface

bafdPORUAL fe%dj F‘hgngﬂ {ﬁ@lﬁg‘? ?9? LlRsthif 8% SfhaP HOWAL Shrough said

ransm t respective conduct ors.
corxBictarhe net hod accord| ng to claim?25, wherein the step
of providing an el ectromagnetic sngnal to one end

sai d conduct ofb) AEVifiRGSHT SlECHPmgIares gep? &ﬁé’é‘ﬁ@t’fjc?f said

coﬁduﬁf@m%@ml?tﬁdlﬂﬂ)c@ﬂe ;&lrRCct romagneti c wave that
pr opagat es ong an axis of the conductor.

(c) transmitting said signal through the conductor.
26. The method according to claim 25, wherein said dielectric is one
of a plurality of dielectrics, said dielectrics spaced apart from each other along an axis
of said conductor, so that in step (c) said signal is transmitted through said dielectrics.

27. The method according to claim 25, wherein said conductor is one
of a plurality of conductors, where said conductors are spaced apart from each other
and extend through said dielectric, said signal is one of a plurality of signals

transmitted through said conductors, respectively.

28.  The method according to claim 27, wherein at least one of said
signals transmitted through said conductors propagates in a direction opposite from the
signals transmitted through the other respective conductors.

29.  The method according to claim 25, wherein the step of providing

an electromagnetic signal to one end of said conductor includes providing an



30. The nethod according to claim?29, wherein said

surface of said dielectric confornms to an isosurface
woho@mmesdeect r omagnetic field of said el ectr onagaewisenns/ 044730

wave, so that in step (c) said signal is transmtted

through said dielectric. 31. The met hod according to

claim 30, further conprisingi¥he step of providing an

el ectromagneti ¢ signal wherein said isosurface of the

el ectromagnetic field is planar. 32. The net hod
elegtroaradinAc signalQrmarismg @m%lﬁﬁ&mwﬁé&cl‘%@"@dhﬁl} BAPPEBRIGS aiPng an
axBl §Ght eHRANRES ¢ signal wherein said isosurface of the

el ectromagnetic field is distorted. 33. The nethod

accordi ngot 0 glhaimethdd a‘éébrtllhgtto icaimt Bp Wieereigabid surface of said
Rt oS LA B hcRinet BtfL o8B Ragnenc
waaRghe thetiimgtepr(cpsajl signakisaransenitted shroudls saidtdieiedtsic.no

reflection of said el ectromagneti c wave at said

surface Gfl.t h@hdire¢tdot reiceardipg to Themmd Hedheicenrriisiyy the step of

pr&\/llal a%gel?c@%nﬁé&ntehg %lg'nEFlNHglengsatnﬁ‘%o%EﬁQCé)éf thalefdttdbidddetic field

bevel angl'e froma Brewster angle, said Brewster
is alﬁQP'é corresponding to a dielectric constant of the

medi um sur.roundi n h con ucto
const ant f tﬂg‘ dﬁ%é"@gtarcf% ”%8.#%'@234 gprtg?rﬁo&\mrfs&g gioviding
anailedtﬁj?ﬁagrfeﬂﬁel_gﬁfal Where! saitl isonmdjnet afché iedcton@gnetihield is
dlsger h(gd according to claim33, said surface of said
&fctric is one of mul tiple surfaces, wherein the

mul tiplesurf ﬁ%%%ﬁg chﬁeﬁﬁttb\{:?almei@lsoacﬂgﬂ ﬁ%teﬁ@a) said surface

that in step sal transmtted throug
of &fag dnetﬂc@ﬁceléuom\cdeds@t 2 R g‘ﬁdélaé'&@ &0 anfefist s Sé!daqorﬁﬁdsgtor said

bedal éide@M&hg aR Qa'n@leqmé/ﬂectﬂérea@ s@wgﬁmw@lbandm@éwc e
mat c or sai tran mtt% at a boundary

e'%ﬂMGE%WGV%IPEF%GFFFf@C% dhe&fide®Bhduct or. 37. The
nmet hod accordlﬁg to.claim

provi des 3¢ ch d’fl%ﬁh gtchorawﬁetaacl}]aété\%gﬁd ﬁﬂg{e‘? mcludmg the step
of chlauatihg shigttevel anybel fmoea Bfeveshércarwlgraaid Breaysser artgdﬁj

copﬁgﬁ&%{\é{& 8%[&%#3:2 nsl?‘alm%ﬁ fH rin@{:!ilu)h Qﬂ‘ﬁ#&?ﬁﬁngathe conductor and the

ance o1 an e QC'[I‘[ cal device
diejecipt eanstantzofbe dirdedtie Medifed tprdbwiamtiongf anggosurfgee of the

elé‘@%n@gggggl ng to claim33, said bevel angle is one
of a urality of bevel angles for a respective

pl ur al i tysspf mﬁdﬂéﬂ'\@ﬂsaccdbhmg&bl’tlaiﬁw 3B asid antacefof saiddiielectric is

el a f t f d
ongaf P SGrecnier a2 TUB ay RRer /B P ehlh pevel anoles, s
thatnigl seep{c)tdal DYiediis traspreitedbranghdiait dietectricai d si gnal

is one of a plurality
36. The method according to claim 33, said bevel angle provides an

electromagnetic impedance match for said signal transmitted at a boundary between

said dielectric and said conductor.

37. The method according to claim 33, said bevel angle provides a
characteristic impedance such that the characteristic impedance of said signal
transmitted through the conductor substantially matches a characteristic impedance of

an electrical device coupled to a second end of said conductor.

38. The method according to claim 33, said bevel angle is one of a
plurality of bevel angles for a respective plurality of conductors, wherein at least one of

said bevel angles for at least one of said respective plurality of conductors is different



of signals transmtted through said conductors,
respectively. 39. The nethod according to claim 33,
wealw/desssel angle is one of a plurality of beveCTasgloes44730
for a respective plurality of conductors, said signha
is one of a plurality of electromagnetic signals
transmtted through said condfictors, respectively,
wherei n said bevel angle provides a substanti al
reducti on of cross-tal k between said respective
fropl thedieivelansfle ef @t otbamigaradtive spg@dters, 4gd signg| igrile of a plurality
of SGRANE eAEmRAIH-SldHsai®cSHARLRRE MeSpdtaivEng a
countersink provided on each of a first surface and a

second syyfac ¢h@grmﬁbd gccordiflg té BISim 38! &8 ®eva@nthgte is one of a
onau ext e

cond or, i ng throu saj d countersink of said
Pl RO b 2881501 Pespeie el o maLTh e SE A B scone of 2
pluedlitg af dieseemagnatio diquieds Obnsaiticbddined it saidccondoetoes, mrespectively,
Wh%??}elirgi sglg %lesgltarng?e gr.rog}/deggséug?t%nagll l%@l‘!ct%w&ocrré st-pall§ Bétgveen said

conductor, and sai d countersinks are provided at a
respectble pnglity ofedlegtrareagnetianidariss of sai d conductor and

| ocat ed based on an el ectromagnetic field produced as

a resul t 48f aAgigrrdicornestarsgmMmiEt¥gh sai d conduct or.

41. The signal connector, according_Lo cL§%F140, i

wherein sai d 8i¥eriF NRVInG agounERrSigk providgq ¢ry eagh of a first
sulfacl fetd s&snd saifdcalbgloett saiaSirsipagedeppadt from each

ot her along said axis of said conductor. 42. The

si gnal connectaondedor, ékregding thiraigh ski] coundersink ofaadl first
su@é;(%g&fcsta%zpiélﬁct?i@eangfsa?d éguggﬁ‘gihwﬁfggid%ggﬁﬁéﬁfﬂe O\Mggigiedielectric,

conductors are spac par rome er an

extend t %Q%hsﬂﬂ%lié?éctﬁc Bl sl rh¥cHhice P8 FStoYs®’t conductor,

provided on sard first surface of said dielectric and
andne of a plurality of countersinks provided on said

second surface of said dielectrjic, respectively. 43. . .
The i gnfid CORRBENDRS S1E B5 RS2t & DEY Sl RO 0 A e i of said
corsictbreo doited basedeor draastirsmbonetid flgd pAstiucddes sirgsidt of a
.conhect or, accordi.n claim4l, wherein said
S'gf]?gﬂoswﬁ?%@?%Hg'? galg ngé%&%'{' coaxial transm ssion |ine,
sal d_pseydo- capx kflnat LARSKLP 3EARAnG 16 RITRD] WnBRift said dielectric
signal -carrying ¢ nguctor that carries an
is erleeafta Rertieel dlelsicyiral saithdiclechiiqsrsppr ed apart f@AHERLetHer along

said Wxlsndidndnaaedr.si gnal - carryi ng conductor, each one
of said plurality of conductors being electrically

grounded445. The sRingnénneebnaedodding e6 elatth A9, Wdeadi@isad
corﬁRJ’ctovl\’hlsecrar?e g?é %Iurality of conductors, where said conductors are spaced part
from each other and extend through one of a plurality of countersinks provided on said
first surface of said dielectric and one of a plurality of countersinks provided on said

second surface of said dielectric, respectively.

43. The signal connector according to claim 40, wherein said

conductor is a transmission line.

44, The signal connector according to claim 41, wherein said
transmission is a pseudo-coaxial transmission line, said pseudo-coaxial transmission
line comprising a signal-carrying conductor that carries an electromagnetic signal and a
plurality of conductors surrounding said signal-carrying conductor, each one of said

plurality of conductors being electrically grounded.
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countersink is provided at said bevel angle relative
to an axis of said conductor, said bevel angle being
wano@ngs@owhere there is substantially no refl ecriusmosi44730

said el ectronagnetic wave at said first and said

second surface of the dielectric. 46. The signa

connector according to cl ai m85, where said bevel

angle is calculated froma Brewster angle, said

Brewster angle corresponding to a dielectric constant

of a medRam sdPe6igRal RGNEFET B6wAYiEs &p i 4Onavhere said

co%‘\t@risﬁﬂ(: E'p@oﬁ?’é@h@i&‘id Bévéfl Ragki rfélanOé b 6n aRRAffdabcdralctor, said
istortion of an isosurface o ectr net.i c.

beydl SPale BEFG ShandrATIETe Bisan s s HaDY B6 AR TR L i as,
eleshemeaynetiavavdavelid frsybead paitviedesd aunrfaleartthe diedenttic. c

i npedance match at a boundary between sai d conduct or
and sai d4di el gbesigoal e@nedtioe asjogdiab te claitecitdomhere said bevel

an%‘é‘?soééjbﬂgtetdof Sthal BRethsver ‘%Slﬁebﬁg%@é\ﬁs@?é{%le BEEponding to a

rovi haracteristic ance that substantially
dlalﬁstrmsraaréwénaaa@@vmﬁumunﬁwsctaﬂ cengictegrpnd derdiglggric constant

of Q\%leélﬁct@@umo@#leﬁ ForSRdrifdribRdn BOSITRRE @F thetlechoBbgmaic field.
nodul e conprising: a plurality of spring pins; and a

first and7secand srgatatactdnmécteaaccoeamb t6 elairh @G, whepeinbaid bevel

ric nd_conprisin Lo
g PENeE Pt BAstng e opr iy B ERuREb! bfteen saie
conpfuatdrched daid dietdatrof a first surface and a second
surface opposite said first surface, a plurality of
bores ex#8ndi Mfelsisnakeamnesier preprding ty cleim dou Mtherain sRig bevel

an@E%?‘é\qgéjs 5 Qh%h@rlgﬂli phpetidhf@aft a08staAdisllySREQAEs a characteristic
Surface, and i de portion, cogﬁl ed to said top

'mB‘%ﬂﬁf‘F%ﬁfa%&le&t%‘ialj%evb%‘iquc?l?de‘i‘?cﬁa PiARRISAN B Pur al i ty of

spring pins, mhereln sa urality of spring pins are
di sposed#Pn t I%S'%T%P%ﬂd”h/c‘fﬁ?p%%?%s respectively, and

sai d countersi_n pr a bevel angle
relative to aﬁ"%]% 6#5 9” ?on%bgtor and | ocat ed

based on an el, %%mmﬁaa ﬁéﬂ@t%@@%@ﬁ@ﬁx@sai oo oPaidldetric

of a plurality o OW ng t hroug
masérial andtoprekris®k i ng pi ns, respectlvely 50. The signa
nodul e according to claim49, further conprisjng_a

shi m of di el e@&¥P (E’oﬁﬁ’tnelsﬁ'glto&%mvﬁ%& M&Hagtéﬁqgcglﬂ'bt@rsmks
prcWiHeH' iARacRbf S&Iré’c suifhed andd seadrill QeRBpPpEditd sHad ﬁmpSrface a

pl%agvl ggallgs(r:go l?e(%ge?p ?‘é @lu?lftg 8gc%wgle'|%$n?<s prowéed in said first

surface and said second surface, and

a side portion, coupled to said top portion, said side portion

enclosing said plurality of spring pins,

wherein said plurality of spring pins are disposed in the plurality of bores,

respectively, and

said countersinks are provided at a bevel angle relative to an axis of said
conductor and located based on an electromagnetic field produced as a result of a

plurality of signals fiowing through said plurality of spring pins, respectively.

50. The signal module according to claim 49, further comprising an
shim of dielectric material disposed between said side portions of said first and said

second retainer caps, said shim comprising:



second surface opposite said first surface; and a
plurality of bores |ocated between said countersinks
wonroeosiodsdoi n said first surface and sai d count BCTiUSk®S5/044730
provided in said second surface, said plurality of
bores corresponding to the plurality of bores of said
top portion of said retainet2@ap, wherein said
plurality of spring pins are provided through said
plurality of bores of said shim 51. The signal nodule
accor di ng plusality f wpurgersitisrrroviged incerat ras fivsk sprdacgrand a
sechl dulEPboRAM CaliSlral dutfack Dol d axis of sai d
conductor, said bevel angle being an angle where there

i's subst al'[ﬂlddralhtl,/)bf Ib@re.rsa&&eﬁ@a g@meﬁh sl cheit@Gtrik@ﬁEtgA’t&id 0 said
i counter The, s
rrshaianen a0 14 ETAHODKe NRATE S S R00 o PRRgegd pluralty of
borg§ ewiregonamgebehs banalg]yeiflboresrqﬁedalrt@e poatiorh obgaidhretainer cap,
boundary between said plurality of spring ins and
sai d r et ahaesin s pIB3lityTHepEng nias are due\é %(:Etifmalwfh@aifﬂ glurality of

bm%%gfgggl;,MMereln sai d bevel angle provides a
aracteristic inpedance that substantially nmatches a

charact ek st i ¢nd gEﬁQlaﬂs@uI@fac@ﬂdlﬂbQ@tcl’dlrﬁai9 d@nare€ aid countersink
coupled to said signal nodu ?
is at sald bevel angle relative to said axis of said conductor, said bevel angle being an
angle where there is substantially no reflection of said electromagnetic wave at said

countersink.

52.  The signal module according to claim 51, wherein said bevel angle
provides an electromagnetic impedance match at a boundary between said plurality of

spring pins and said retainer cap.

53. The signal module according to claim 51, wherein said bevel angle
provides a characteristic impedance that substantially matches a characteristic

impedance of an electrical device coupled to said signal module.



