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CONDUCTIVE VIAS HAVING TWO OR MORE ELEMENTS FOR
PROVIDING COMMUNICATION BETWEEN TRACES IN DIFFERENT
SUBSTRATE PLANES, SEMICONDUCTOR DEVICE ASSEMBLIES
INCLUDING SUCH VIAS, AND ACCOMPANYING METHODS 5
TECHNICAL FIELD Field of the Invention iThe present invention relates

genefa"Vée) &"f%’ KaoRD For

and wafg o FFERENT
presem r Hrfﬁ rggff’MBLIES
conductlve %reﬁ ODS
apart from: one another as are t e cdn UCtlve traces tA hat electrically

communicate with the conductive elements of the via. The present

invention also relates to methods"lTBCIéNéﬁmiglaEbﬁical communication

between g4 '?&‘%EYY%?L%% fapic eV'Cr&Se“ n e%uS'rCr‘ézat%‘s’ard SIS S ductive
conductive Vias, and to meth Pesta lishing elec ficalt

comaruivicasom bem&éroaﬁhaamdimmuhwdmdm&“&lsmu@kpasers and other
substrate usi such ctive vias. Discussion of Related Art. Circui
o R T M M VIO RIS AT hat e
"primte dnvirimg waktisl ek mseth m@ImWwdemtmlmMmmmﬂlytance apart
ol and e RiRide.Sigeeal commniGaton ReeRn R ABGIERAR. it e
components thereof. Electrical components such as transistors, resistors,
andawapativerd emeythef shitdare dlimtpressint uitvooaed alyd elestsicaliyethods for
Interee) l%ge %PXa‘f'@oC }ﬁgﬂ}’ca?%ﬂsdo‘é%%%n 59 Al RAGS IR é%'&?hé’lﬂg a

the surfa he circuit board. Semiconductor chips, semiconductor
chipippadkaged vamg sechicondudive ehip ﬁmddglesath@dy e m@bidémtmglectrical
inc r | tad i

ol e L SETE RO using s
andqn@mﬂésvmi@yinclude for example, microprocessors, dynamlc

random a )

SRS S o R T e VAR i v
eadlohdye hundredoudshousarayat wiengibalydc dm@wélteqtmmc devices to
reqing FlaYiFaldURITaIG kRN IR (e SRR PEES O AR e ectrical
circuit board. The electrica yconductlve traces In the circuit board are
usegdmpontaie et thicsumidonduweimnth iy detddemnsinhaesistricand capacitors

Corﬂﬁ?%%rg&d@ed into a circuit board and electrically interconnected by electrically

conductive signal traces formed within or on the surfaces of the circuit board.
Semiconductor chips, semiconductor chip packages, and semiconductor chip modules
may be provided that include a number of pins, which may be inserted into
corresponding holes in the circuit board and soldered in place. Such chips, packages,
and modules may include, for example, microprocessors, dynamic random access
memory (DRAMs), static random access memory (SRAMs), and application specific
integrated circuits (ASICs), and may each have hundreds or thousands of electrically
conductive terminals requiring electrical interconnection with the conductive traces of a
circuit board. The electrically conductive traces in the circuit board are used to

interconnect the semiconductor chip devices and the electrical components.
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BACKGROUND Circuit boards generally are substantially planar and

include one or more dielectric layers that include an electrically insulating

material (such as, for example, ceramic-based materials, polymer-based
materials, Bismaleimide Triazine (BT), FR-4 5 laminates, and FR-5

laminates), and two or more conductive laygers. The conductive layers may

include a plurality of conductive traﬁ%cﬁreﬁﬁ?@gﬁonductive layer may be

carried by or disposed between surfaces of the dielectric layers. The

layered stflicture ofthis qirowitabigardenanpsncitidiéyapleast and etedtdealipe or more
congdyctive power r (gften referred.to.as .a "voltage supply” layer or
o e B S R AR R B G R for examre
oneavanmoreastdctnigatiylsopdiyotiebsigaaiagerd shBismaladeidéethiicaily (BT), FR-4

Coﬁ‘%%ﬁﬁh‘{gs”%‘ﬁﬁ%ﬁ%rﬁﬁ% el,%%, %31% %omo?r %8%”&' 'éé{&ﬁée'gaage'rrs‘q“ﬂq% conductive
conductive traces generally exteénding In a first” direction, and one or more
sighatlayery maluikclupgeicding oftivadiates ganeyallyd extdnainductiae layer may be

secanf.dizchion halds subsianiahedheganatje-ihg st drection. 15
Additional gignaﬁ yers may also be provided that include conductive

traces gerTéltallawﬂﬁt‘estdilnglm gﬁ thngib@dﬁhg@dpdmtiud@@cesloashen? electrically
Othggn%gaféé%g)%&éf %&%ﬁg&?ﬁ%}!‘r’gﬂéfrﬁ(@‘%‘c‘)‘%@%'“Cv”'it ggrs%g;%’ﬁay@%r“%?gﬁrﬁ%), at least

for example, semico tor die packages to redistribut e pditier
bordgpadecticall seminbrdivetogrdisdttacheidstiol ayfirst mide @fehercingwi¢  electrically

bo%%&ﬂc%i\qj:ﬁs% glaj[)ﬁfe Pg?é?sn?%%t %%Eg%ﬂggl!r&%ﬂ ggsngﬁ'c{% %p?rpees .a%%/lo E)?agnple, one

opposite side 0 cuit boar circuit ‘boards may also have a
Iayefed@wmm, hryd{ﬂqm@y)ddgl_atﬂmqvadestmyrh@ﬂe @n@g@ibyn@pan@ing in a first
Coréffl%‘é[%% fOJn‘Ji‘eoﬁg‘rH?%r%e Bgf“?éxéf’sr dlig ﬁ&%&!f@%%ﬁﬁﬁfxﬁk?é‘ &Y% generally
are used. To provide electrical Ccommunicatiort between the electrical

de@izgesdingi izamﬁpdnéin@s_tihrpuglh B cunbsiitisoald ,Q_'Ith@@yftﬂé t_fe@@fsﬁxsy direction.
to N Ry 98n%le?q h%?'l&fétﬁghlcﬂ%}!caﬁgcﬁ’%@gg&ﬁﬁé‘d‘:&ﬁg %Jiﬁﬁet%%%%éﬂ%"&é;{es generally

more distinct l[ayers o cuit board. Electrically conductive vias

exteriandingfran ghicknbss otdidesstiones ofighecithetayeradiabiersircuit

board arecypicaliyiised o Brayde BRI, SATTMMCHONBEMEEN e cxampie,

conductive traces of different layers or planes of the circuit 30 board. A

cpmémvmqypﬂéellpﬁﬂ@g%st@ ﬁ@ﬂlésathg@sttbermrﬁyrpe@étrﬁaﬁn@mhé pads on a

o i ol e ot of

on Acstcgigealtagireen the same and/or an opposite side of the circuit board. Such circuit
boards may also have a layered structure, and the conductive traces may have a custom
pattern configured for the particular semiconductor die or package in which they are
used.

To provide electrical communication between the electrical devices and
components through a circuit board, it may be necessary to provide electrical
communication between conductive traces in two or more distinct layers of the circuit
board. Electrically conductive vias that extend through the thickness of at least one
dielectric layer of the circuit board are typically used to provide electrical
communication between the conductive traces of different layers or planes of the circuit
board. A conductive via typically includes a hole at least partially penetrating the
circuit board. After forming the hole (by drilling, etching, or other known technique),
conductive material is provided in the hole. A conductive trace on a first signal layer

and a conductive trace on a second, distinct signal layer may each be electrically
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and a conductive trace on a second, distinct signal layer may each be
electrically -3- coupled with the electrically conductive material provided in
the via. The conductive traces communicating with one another through
the conductive via may be formed or provided on the circuit board either
prior or subsequent to forming the conductive via in the circuit board. 5
Condustiye Va3 I9e e io provide electrioal paihs trauol mamke onducive
other types of substratesin Iu8|ng, or example,'semiconductor dice an
interpeserosuinsiiedes g Diffdrent ansidiealingpgbabs semdoagrevis@thinbe formed or
applications requiring extremely, high-speed signal transmission,and o
oroRSAIRg O e CeRAie e SRR T S TR M Eondugtive via in
othide rathent thandto ground. As such, differential signaling requires two
eIectricaII%condL{ctive.trac?s for eacta lectrical si natl..TlTe elﬁc icallg

. otnduc Ve vias 58 are lhsqe 0 H%OW € elec rlcta aths’ through many other
conductive traces are routed together from a driving or transmitting
devigeto & reckiing devidedindicfosubtracpdcthedmosignalsrirdmesaactl  interposer
other to recover the original signal. One trace is used to carry a "true

. SubpS lﬁl CS. |, . "

signal phase" and a second trace is used to carry a 15 "complementary
signal phd3gfefenrtiengrod ghpeccosayctive braces! thatppdieytibes tregpiiring extremely
sigpal phas the complementary sianal ph re typically routed.
o S e N Snats ena e
samveptnsidad lergtivtiFGathdiubratesgaopodioA vfeckirdiffelrosial 1i@thling requires
includes & dIEhEPOMEINR [Are A exending.ioq (et soaduelive A nPeonducive
and a second conductive trace 14 20 extending to a’second conductiv
viattB8eAsrilusutatbthattberonauctivsiving 06 rh8smatyir@devacdismetecddang device,
(or off ‘s‘ﬁ%ﬁ%&%‘é‘%ﬂ@Q@Jodygﬁg%%érﬁ‘@&éﬁ AHAGE tp&%x?ed}"’{ﬂého §18£1 signal. One
each of the conductive traces 12, 14. As a result, the conductive traces
12 e fanusadt trararone ahotherdmh pbgion 20dprosasraté thacedndisetveo carry a
vias 16, A&, il g' ration, ghedisiance vl SERARINGING s that the t
con&ucﬁée vl%gﬂ?lé,s J%} i%ers from tﬁe 25 (?is’tance 24 separat?rc%stf1ea1 catty the trie

coneiretrhasgousl 1pc Tarplainstianreisior spimeehich tragaléx engaraigrally close
10 Q06 ANQIREAR AR OLARE &%(%%ﬁ%%aﬁ’j%@%ﬁ%ﬁ%éﬁﬁé@}h

conductive trace 12 and the second conductive trace 14, a “return pat _
discontindit3. ndipseamoeitedion géncracad byatselébmatmsladang fist conductive

18 when he CONGHEIS races daahdiRie \'riﬁe‘f'gt,oa Ay gé@SEE”Q@ductive trace 14

signals, which may contribute to noise or 30 otherwise degrade the
eleexiiliBRyitadsseerniédandust eondudtiva tridlesyated, the conductive vias 16, 18 may

have a diameter D (or other cross-sectional dimension) that is greater than a width W
of each of the conductive traces 12, 14. As a result, the conductive traces 12, 14 “fan-
out” from one another in a region 20 proximate the conductive vias 16, 18. In this
configuration, the distance 22 separating the conductive vias 16, 18 differs from the
distance 24 separating the conductive traces 12, 14 in all other regions in which they
extend parallel to one another. As a result of this increased spacing between the first
conductive trace 12 and the second conductive trace 14, a “return path discontinuity”
may be provided or generated by the conductive vias 16, 18 when the conductive
traces 12, 14 are used to carry differential signals, which may contribute to noise or
otherwise degrade the electrical signals carried by the conductive traces 12, 14.

A need exists for conductive vias, structures, and other features that maintain a
constant distance between corresponding or complementary conductive paths or traces

as they extend from one plane in a substrate to another plane in the substrate.



10

15

20

25

30

A need exists for conductive vias, structures, and other features that

maintain a constant distance between corresponding or complementary

conductive paths or traces as they extend from one plane in a substrate

to another plane in the substrate. -4 DISCLOSURE OF INVENTION In

one aspect, the present invention includessan electronic device that

includes a substantially planar substrate having a hole extending

therethrough. A first pair of 5 electrically conductive traces extend

substantially parallel to one Ia(th«€» SInREE DEAN BSOS, and a second

pair of el trlcall cond ctive tra es extend substantia arallel to one

another Oeg or m%/ e suéﬂﬁl%rteseg it Igleoc rlllcl:cl]: %Sonduqéc\t/%)mc evice that includes a

|ntsrdmtanmaﬂikygpiaamtmrbebrmdlmmgwghdhedxmstadmgwdlswﬂsttoa@and first pair of

ele tr| ally,,com unlcat S Wlth ne fa trace fthe first pair,and

o R B R T R S B SRR LG FR SRR 0 o in ne

condbstiste., irtedconsectig mrrweelamceidlsendmdnmmg hrtlveshelgeaddsubstantially

electrically communicates with an en of a se on d tragce he f|

and ar(li %Ldg%f %ngecor?cgl Hrace of the s%lgor?gsopglr %%rgﬁﬁsnte?%gﬁhcecg gonductive

membaoisnsepagatechitom thesécdmopugterdenhekting thensbestizyeaand electncally

dlsg%rrlrgr% trrl]l%talg Elst%ngﬁ’tél %F rlstt (t)rgcg @Hﬂg%r& p%r ttja g Elrr]l end of a first trace of

electrlcaﬁy conductive traces o e first 15 pair and'a |stance separating

thetledectical Iyamndmedr@lcetslmllham@mteﬂwanmheg aspeltr tHeo extends

PragenlRveRIRNINE IS ARARCUANIA IRYCR ORRTIRNAINAE IKARS Bace of the

transmitting device con gured to transmit a differential signal throug

elefitdcaly codductind stfuctgrond &raeeaitithy desdod. he emrfmuynterconnecting

congucive ; sttustire inpldes,a st pair,of elsaiica) YafiSfince that i

that extendlsugb tan%allyglg‘ para?lel to orrlle gno eri#lé/aﬁﬁrst p[cf g on ortsflrrl1 ce tat 18

thessbiigtriaad yaeghal ge@mhdtpmc ofpetedngchityetentdcdiiveandoet thataces of the first

2508 SPTANUALY SarRIRhie ROE AR 0.A4BESO0HRIANG L AL
strate. A first ele onductive |nt rconnecting member exten

through tHe Rodshier m@csmbéteameem sleenticalindodan anickerizonitdeynce assembly

enchof & U144 Al S! Rl 2R A, 6RA O RliShifRe R AR ERCORMI throug

pair. A 25 second electrically conductiveinterconnecting member extends

threnghettiadatie conduetastritayuco monauiskearesaeyian ehbico¢lacsaealiy conductive

trageh e st AR AR AT B1cRuRESRNANARE 9F EcaeeRRckRRb WBstantially

first interconnecting member is separated from the second

intdaeHelettirmpenataer by a disthmbenchaniosubdhentiabistiatfuant & second pair of

dis@a0sRcsepAaingde Hecticaly eonductiriaten, bhabistedE M other in a

a distance separating
second plane on or in the substrate. A first electrically conductive interconnecting

member extends through the hole in the substrate and electrically communicates with
an end of a first trace of the first pair and an end of a first trace of the second pair. A
second electrically conductive interconnecting member extends through the hole and
electrically communicates with an end of a second trace of the first pair and an end of a
second trace of the second pair. The first interconnecting member is separated from the
second interconnecting member by a distance that is substantially equal to a distance
separating the electrically conductive traces of the first pair and a distance separating
the electrically conductive traces of the second pair.

The transmitting device is configured to apply a differential signal between the
conductive traces of the first pair, between the first interconnecting member and the

second interconnecting member, and between the conductive traces of the second pair.



30 the electrically conductive traces of the second pair. The transmitting

device is configured to apply a differential signal between the conductive

traces of the first pair, between the first interconnecting member and the

second interconnecting member, and between the conductive traces of

the second pair. -5- In an additional aspecg the present invention includes

a method of fabricating an electronic device assembly. A substantijall o
Sianar sulb e R G dE TRRC Bt oR SRR of fabricating
thexstltoctyimid flestipainokelbbtrically whscindtile phoes thdbksextend provided that
substantially parallel to gne another on or in thﬁ\S trate.is formed, 5 and .

S P LB RS SR B A R T E DR onauctive
pataliaisttharaandthisantorin pasaBebstrate s éonomesh A finstheledbsgathyis formed,

condyctive interconnecting.member is formed that.extends through th
5 conay seconch SNOE %:Cgrllé:gﬁ% gﬂn(ﬁcgve Face Ehat %ﬁen& su%sc%r}itlﬁﬁgg[ parallel to
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hole m%he substrate an y communicates with an en
traceofahe st gaivanc athendibfteatéirss tiacmaf. the/seiondgdaitrigally conductive

second electrically conductive interconnectin mber 10.is glso forme
e R RS AT S R IR e B e nc
of alseconal tracanfithexfostiptiraanchdmwendioft arsecofidhgdostgfaineind an end of a
Se%)rrs]{jt%%ler 'o-pﬁlee g'er%ﬂﬂ:ﬁg‘fp n e%gggdg'eﬁe@%%gllf %%Béﬁ%gev% fﬁﬁ@??t(pnenectipg member
second interconnecting embersby a distance that IS Su stantially equa
to asdistafomsd phaating e blooglcdily lsoadodtblecttiaddés aftmeufitsaiosiwith an end

an%@adgéégﬂﬁ%ﬁgg gﬁﬂ%%ys]ti%%?%%f gﬂyeﬁg %?%C&\/C%ﬁ@&g&o&ﬂa% g‘escond pair. The

second pair. In yet another aspect, the present invention includes a

mefhisid Weesimimagane wlewt ricsd devivk fagwetinbiypaomh prisingnaccting member by a
tra It ic ' d St ifferential signal . .
B e
extendingftberéirstqughatha & sencustreapaththe sdéstical thapesetids traces of the
frog&&f@égﬁy location disposed in a plane on or in the substrate to a

second location disposed in a second plane on or in the substrate. A

portion of hedondtietivespeth xtamekstitroyghtionatidislén theeshbdtedtdesigning an

The,glarailycendugtiv t@o‘iﬁﬁrﬁﬁﬁgﬁés&&?éﬁl?&ﬂ@%&@ee cSRRBANE ransmit a

extend substantially parallel to one another along a'portion of the™
condiiietins Yatigha rrptha v iogativicto theshbiératmts thie aldastribatiyncludes at least

congugiiye E’S&Eﬁ&iﬁg ALAFEGANT RAY QE&E&R&%@&%&%@%T@%@ @teends from a

substantially parallel to one another along another portion of the ' ' .
contsictivatpatisliyppscthénsepbing fucatiohths thdHele I8 aisggond location disposed in

i”%@é’%ﬂﬂ&ﬁ%ﬁ@ﬁ{ i5eCQigHred A SRR RUA HIERR!IG AR Extends through

communica
the hole in the substrate. The electrically conductive traces of a first pair of traces are

configured to extend substantially parallel to one another along a portion of the
conductive path from the first location to the hole, and the electrically conductive traces
of a second pair of traces are configured to extend substantially parallel to one another
along another portion of the conductive path from the second location to the hole. A
first interconnecting member is configured to extend through the hole and communicate
electrically with an end of a first trace of the first pair and an end of a second trace of
the second pair, and a second interconnecting member is configured to extend through
the hole and communicate electrically with an end of a second trace of the first pair and
an end of a second trace of the second pair. The first interconnecting member is

separated from the second interconnecting member by a distance that is substantially



electrically with an end of a first trace of the first pair and an end of a

second trace of the second pair, and a second interconnecting member is
configured to extend through 30 the hole and communicate electrically

with an end of a second trace of the first pair and an end of a second

trace of the second pair. The first intercongecting member is separated

from th? ngj Q;[lecreconn?gél ng tﬁéeép)ggucqxatg)ftan %III‘ I‘ from gne another
subgtantlalf -6- equal e distarice separatin fie con Walet'ot
theafirstheaioficbrtion erarrstbethasw ohe pmmdtmn\xmeramﬁh@f the second

pair from gpe anainer. e [ealures, adyaniages, and additional 8SBECtSion will be
of the present mvention will be épparen Skilled rom a

Cco m@mmmnwnbbtheltﬂlmmgldetaﬂem&@eas:dptalmtakﬁatherfcdmmlgaimmled

WI'[ the1 ‘fgﬁ)rtn i\nnc%mli)am dgn w1 aDCICEOSHCI:IEIPTIO OF DRAWINGS
Whle(tlh spec |ca ion conc es WI clams p rtngultgr pom‘(’flng out and

distinctly claiming that which is regarded as the present |nvent|on the

features and 10 advant B‘?-cﬁ’lf? AaREesent

invention can be more rgg{g%g a%%gc\[lgin @ 1: the c‘)%owmg description of

the inventWhilghthe reagiincetnjuoticlndastivitie decom pariyinudyapings)g out and
lt(l:rrl]Ct I%la:}rﬁsln% Q(%%rt] \\4}3 EOf a I(?eQi asatﬁercu“sggf’i Irgve 9 rlanhe features and

contiD B

ctive traces VIaS IS a perspe tlve view O
10 |||ugdmnIegesndﬁahve\em@@w r@phats erﬁbbdiesdthhmg@obth@mebenmore readily

inv té?i{%h{:elcpfr t%eo ﬁﬁ ﬁg %@ﬁ ?WIIOI)P &Q'&'&%%ﬁho% ﬁ!/é%ﬂqgﬁ% In conjunction

device that embodies teachl present invention; F
ilustrdi¢ha repreganpatigelrmethgsl of wiaehufacturing for 20 manufacturing

the electrqiys deNige BIOWINTIC, 3 i CBA RERPREIYE VIR Ofhducive traces

another |IIustrat|ve c uctive stru ture at embodies teachingsof t
pregehyigention; FIG 6 is a perspective view of yet another illustrative

15 conductivggirustyge 5“% Vé@?t‘?@ée% Wcl}fnﬁiﬁ AfiRERIGE COLANENON AR wre  that

FIG. 7 is a perspective of still another illustrative conductive structure
thaendpdiosliegciaghivigfb oprereprasentiviiention; and FIG. 8 is a block

diagram 0{51%{1 igu%r%t%%rﬁlﬁc%?ﬁiﬁlgxstﬁ&t%‘i}t ﬁmﬁﬂgiﬁg‘tive electronic device that
embodies teachings of the present invention;
FIGS. 4A-41 illustrate a representative method of manufacturing for
20  manufacturing the electronic device shown in FIG. 3;
FIG. 5 is a perspective view of another illustrative conductive structure that
embodies teachings of the present invention;
FIG. 6 is a perspective view of yet another illustrative conductive structure that
embodies teachings of the present invention;
25 FIG. 7 is a perspective view of still another illustrative conductive structure that
embodies teachings of the present invention; and
FIG. 8 is a block diagram of an illustrative electronic system that embodies

teachings of the present invention.

30 BEST MODE(S) FOR CARRYING OUT THE INVENTION
In the description which follows, like features and elements have been identified
by the same or similar reference numerals for ease of identification and enhanced

understanding of the disclosure hereof. Such identification is by way of convenience
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teachings of the present invention. 30 BEST MODE(S) FOR CARRYING

OUT THE INVENTION In the description which follows, like features and

elements have been identified by the same or similar reference numerals

for ease of identification and enhanced understanding of the disclosure

hereof. Such identification is by way of carmvenience -7- for the reader

.only rh e Cread angl n%%'\!vm\llt g aorfcf hfé‘ pr((?ts‘ﬁrr]rgiltri]r\l/ en(Ho the' Ssent invention or an
implication fiaffedtures and slentents of Varibus c%mponen san

emingadicaeiors iblentifi@drby like refenemee otinveralssareidpotigabl oand embodiments

constr i?e to q(entgfal functions. An illustrative conductive sfruct re.30] )
cn ble bg 11 () CI'CI’IC? umerals ar entical or Conscgame .tOI.l.(?ngtfa functlons.

thal embodies teac ings of the presen invention 1S shown in 2.

One or madve dorsthaotieecstrdttiressBOanay Be dautriedtyylies Sebdirags td the present

prayide, 15‘1%‘%%68%0\5"019 Pfisenay %r%?%%?{? %8%‘&9&?% é—"tfr&*é‘&i%rse%? %any be carried by

invention. By way of example and not imitation, substrates in which cne

or membdsygarductive stlectorekdtomaydoei protigedniholdide tirchingoartishe present

SuGh\Asy(or %agm%e _ ofﬁ@%‘ﬁ' g'affgﬂl’)&oﬁ%%@ A IBEAMPICLAYSICIR or more
or relatively smaller Tircuit boar substrates or interposers in

sermmodndiictortaieices phckayds: Pthedalibsthadesircwhizmrdneuch mor®r example,
CongHENR SHEIES RO O PIOMASS NG semisanAEIah e Ml boura
or partial semi¢onductor waters, silicon-on-irnsulator (Sr(% typé/ ubstrates
(e.gubsitittneo Mt Es ¢S DG wilicoduwtecdeamaic {8®4R)s. Other substrates in which
silicon-on- [ r jally pl rat .

o SR A ARE kS R AN REANEE SHBRIAY e,
configpretdao sanipaidettivalwialess foilippovidingselectridaOdbriypenichtioates (e.g.,

beté’i’l?c%?l-té%qr%?{ls@?é‘?)ébe,%ﬁﬁﬁ%%hgo%‘ficc%?ﬁm'i:é)Esséiﬂﬁ,'i%ﬂYoéﬁ‘-%ﬁ?sé%%ﬁ?f%fSOS), etc.), or

illustration, t e.conductlve structure 30 Is shown |n.FIG. 2 wit _ .
sulbstyasetistanthibli ipluey beptoviiébatThe sobsdottille swomuiseBOimay electrically

inclH o) | Sﬁr&@éﬁri ?8{(? l@@ﬁ%%?{}%d 2t8 %81}9“8@5%1‘{910%&%&%20@% electrical

second pair 34 of e ectrical uctive traces 36C, 36D. The electrica B
corrguutivel faitEsRERcBOM o Pthadiselsairisd dexycextdrid ssupdicititiang to facilitate

Paraligl 1000 RO UNRIIDHOL ARG RIS %aé}ﬁu\%"?nt'ﬁ@.'eft%ﬁ@l@ﬁt the substrate in

conductive traces 36C, 36D of the second pair 34 may exten
subygheghtilipgyabalfepiadeshe another in or along a second plane. The

second plgfe f@&}’dﬁaﬁge%‘%@tﬁ&’é’%”%'y %ﬁcﬂﬂfé"gl @rgpephta{[?t pang electrically

and separated therefrom by a distance. Only a portion of eac
conductive traces 36A, 36B and a second pair 34 of electrically conductive traces 36C,

36D. The electrically conductive traces 36A, 36B of the first pair 32 may extend
substantially parallel to one another in or along a first plane, and the electrically
conductive traces 36C, 36D of the second pair 34 may extend substantially parallel to
one another in or along a second plane. The second plane may be oriented substantially
parallel to the first plane and separated therefrom by a distance. Only a portion of each
of the conductive traces 36A, 36B, 36C, 36D is shown in FIG. 2, and it is understood
that each conductive trace 36A, 36B, 36C, 36D may extend on, in, and/or through a
substrate (not shown) to an electronic component or device (not shown) to which the
conductive trace 36A, 36B, 36C, 36D is electrically connected.

The conductive structure 30 may further include a first interconnecting
member 40 and a second interconnecting member 42, each of which may be electrically
conductive. The first interconnecting member 40 may extend between and provide

electrical communication between a second conductive trace 36B of the first pair 32
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of the conductive traces 36A, 36B, 36C, 36D is shown in FIG. 2, and it is

understood that each conductive trace 36A, 36B, 36C, 36D may extend

on, in, and/or through a substrate (not shown) to an electronic component

or device (not shown) to which the conductive trace 36A, 36B, 36C, 36D

is electrically connected. 30 The conductivg structure 30 may further

|ncIu ea flrstl terc cting m and a second interc cting

membet 35 each r1‘c(/1v ‘?lcvﬁ rﬁgﬁel%g eEf ﬁlca yseggrrll‘?(ijL]Dca’[]ive5| gws aHy, the second

intentonoeating gecbesrdR mray extent! ixetweer mmﬁrpvmﬂc@e@f&wmhmumcatmn

comIpunIcalion DEtwESn & 3820 ,§60%‘1HF S o g Ar%g'md%[; i R2trace 36C

-8-And & second conductive trace the secon palr

theo$ebendconte ppondécting theemdber 4 Mesy ﬁnhemhhetmmamﬂiqyrémmay at least

electrlc commu tion between a first.conductive trace 36A of the first

pal?asrﬂ Ilﬁ/ds afrs %Céﬁed%e&?&ﬂzgg rtol%‘(’fhe serbcon&dEa pair 34.

Furthermdrieg mecﬁr@tlmeecoonmmmglmebnbéﬂmemay atieaseB ppatiaftpm the first

surrg und the econd interc nectlngi embg 42 sec
CI‘COIIII% %n IE)l {/ 6 Stance an

interconne cting member 42 may be separated apar Trom

|ntemﬁarmecuﬁqhneﬁmenmmm@hs@mme&f&tmmmrsmnBbelmerconnectmg

adipcant. susiaces ol (e fishintelsannering mamash40.4nd fhe SRe8nd b, e

interconnecting member nYay e uniformly separate f one anothe

by thedistiiyceBilicline 1@ el S&tAcaNB cdritie énvemac%maﬁb%@mfathé apart from

f'rS&E’eaE[n A1, QIe tﬁgﬁﬁr%ﬁegtﬁp %1{ § &“ggltltﬂer Bve farl the electrically

respective engt s by a distance D §|m| t e electrica y conductive

traces®eCy3BBCef ffé sébbhdfphir smqfné;pbe Sépangtbed sepmaderk from one another

anoier yRYPr ORI ISPRANGSHOS Ol FAMESianss Dfofing o conductive

providing a con uctive striuctur as shown in FIG. 2 istance

septnsting %@e@mwllmﬁlﬁnae&tm@lamﬁlmmmhhemd interconnecting

intGreRReAng MEMPe AAMAYAAES! IRAHSHIAINAY EEEIU Bbstantialy

distance D2 separating the conductlve t aces 36A, 36B irst pair 3

anddhe ot difrengaddssepaa®aDit teadetvedipais 30An 3AK of the first pair 32

confiauition i SORAUCUIBArases AnOR GldNRrstpal 32806 Puration, the

conductive traces 36C, 36D of the second pair 34 I‘tf‘uaay be configured t

caﬂyrmiﬁetréﬁm@mﬁgh@fs B Pinteted hindaiiy 3D ane thacesdsavespasstheC, 36D of
flrsﬁhga%%dvﬂghtggf ﬁ?&}%&%ﬁﬁ@&@& ?66&85&%9?1%?%%% p%gf%ﬂterconnectmg

using the first'interconnecting member 40 and the second ‘interconnecting

metibéiaass, Aty pBtieTd et uitie sSmayithetrinpniustivinisrecingptheS0D of the
qualipyof theielesiricalisignals cArted QYA FUAMICIYRHAGES40 and the second

interconnecting member 42, return path discontinuities may be minimized, improving

at%g thl’lS of the adjacent

the quality of the electrical signals carried by the conductive traces.

In one particular embodiment of the invention, the first interconnecting
member 40 and the second interconnecting member 42 may be substantially coaxially
arranged. For example, the first interconnecting member 40 may have a substantially
hollow cylindrical shape, and the second interconnecting member 42 may have a
generally solid cylindrical shape, as shown in FIG. 2. The second interconnecting
member 42 may be disposed within the first interconnecting member 40. In this
configuration, the second interconnecting member 42 may have an outer diameter, and
the first interconnecting member 40 may have an inner diameter, and the distance D,

may be equal to one-half the difference between the outer diameter of the second
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In one particular embodiment of the invention, the first interconnecting 25
member 40 and the second interconnecting member 42 may be
substantially coaxially arranged. For example, the first interconnecting
member 40 may have a substantially hollow cylindrical shape, and the
second interconnecting member 42 may hgve a generally solid cylindrical
shape, as shown in FIG. 2. The second interconnecting ber 42 ma .
e et A WG, (o e he RBE BB 70 g6 7 MBfcomnecting
comfigubatidf, the second interconnecting member 42 may have an outer
diameter, and thejjrst interconnecting member.40 may have an.inner
diameter, HQ e HiS R D Ay o Solial 5 She Rt TR ULt arse 364, 36B,
bettéa B2 mate havametecloidieapdcondhIhanterc eacle dtingthaembewt43 microns.
ang.the inner digmeter of the.first interconnecting, member 40. By way of
o A R A S0 D AL ) about 50
36mimaphayee thicknass nritiendditaribaiarendabh tBssibababoyt &G@h be less than
microns. ,& Furthermeoyre, the distance,Di and the.distance D2 may eac :
e A S SR A T R R e onncecin
distaerobdD 2 2nagydaoie be (egsr thameyont Boungicfors. Bypwa) ofiesamnpletbout 150
and poblimitation g seganddptereonneeting. Memper 4203 NAYE Mameter in a
out 1
outer diameter in a range from about 20 microns to about 150 microns,
andatige firsnintdxasnde etirgomre tabarodd Akl hevenan ivbee diartietdariy,athe second
10 100, ramabat ARImiesons joaboul 200 pisrams:Mare,PATIE R abour 100
the second Interconnecting member 42 may have an outer diamgter in a
rangefromtabdout 000 micrems,tersbidet 150 micnomscannigmecfirser 40 may have an
Intgrean aga%&grmnpa ! é“i‘r%%ﬁ%\ﬁ 30 RS IR 'fk? FRREG OB thermore,
about 130 microns to about 180 microns. Furthermore, the first
intéheofirrectivigrenembeni onerahdiadeé armpUteradiametdsrinlamtee ifromrange from
,15 ftg)%lftfiéorﬁ]é%ﬁp%otoaﬁl&ﬂug ﬁi%‘[@l%ﬁ%”sl\%ﬁ’éegﬁﬂﬁlﬁ ) l,ytﬂg?ipgtsﬁnterconnecting
interconnecting member 40 may have an outer diameter in a range from
abowbg Aicrondity aboat @1 dianieians. dmaptveir emboolimittsnigrerfi & about 310
interegapecting member 40 and the second interconnecting member 42
may each have a substantially hollow, generally cylindrical 20 shape.
Furthermdre other figstintenevtinediindivsiemiseetmentia gheewbondtO and the second
InteHEQRBRFLH METRGLAR MaY bRAPHIVES AImEnsiangiIIRRES SHEII Y tindrical

the two- dimensional cross-secfions thereof have shapes other than
sulsbemstiallyirdigamnarer the first interconnecting member 40 and the second

interconnecting member 42 may have three-dimensional shapes such that the two-
dimensional cross-sections thereof have shapes other than substantially circular. For
example, the first interconnecting member 40 and the second interconnecting
member 42 may have three-dimensional shapes such that the two-dimensional cross-
sections thereof have shapes that are elliptical, triangular, rectangular, etc.

A top plan view of a portion of an illustrative electronic device 50 that includes
at least one conductive structure 30 and that embodies teachings of the present
invention is shown in FIG. 3. The electronic device 50 may include a substrate 52 that
carries the conductive structure 30. The substrate 52 may be or include any of those
previously described in relation to FIG. 2. As shown in FIG. 3, the conductive
traces 36A, 36B of the first pair 32 may be carried by an exterior surface of the
substrate 52. Alternatively, the conductive traces 36A, 36B of the first pair 32 may be

carried internally within the substrate 52, or they may include one or more segments
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example, the first interconnecting member 40 and the second

interconnecting member 42 may have three-dimensional shapes such

that the two-dimensional cross- 25 sections thereof have shapes that are

elliptical, triangular, rectangular, etc. A top plan view of a portion of an

illustrative electronic device 50 that includgg -at least one conductive

structur %0 andet e}lgmbc% a|((§3es t hlng%sgaggesfre nt |nvrent|on IS ents carried
shown i PG5 Fhe Glectrdiifc ewce may include Beibstrate 52hat
camwnhb}cwhﬁucﬂxﬁesstmmteréBOFﬁ'ﬂtiaeHaniralue Ssnaie b8 malymlualjﬂle a plurality
an those 3 eV|ou described in relgtign t 2. As .
e A LT ES B S I b 5 B B geied by
by extentdvongarfatewfdbes Msttayerszbf Ahtesnbﬂvmb/ﬁﬂquannuubu\the conductive

rages 30, SORBF e Lol 32 may0e e BtRnal WIS o intermat
subsatra%e ey may Inc U one or m re segments i carrle % y

an ekignior tsu tfwcelrhfsme%Ljﬁsaatgraﬁamliyodesonbndrensegmmnstcaﬁnmtonductwe

int rnaII {A $@e$$b§};%te 52 %urthermore, the substrate 52 may
inclide a plurality of layers, Bnd’thie conductive traces 36A, 36B of the

first pair 3Phmaylperaarded myy elxa:esnhistaniiiaﬂéynplasarfawt dfeth@risay'msroénnecting
then§e Egaﬁfg %dstﬂ.g”s Uzﬁ e r%gs engilflrl%ﬁl%sels 95: fgtetrrllf at lﬁast partially

second pair may also be located exter or Interna y re ativeto t
subbtca@&lzwbmvtol,ﬁs?l;s@l@sctnb@dnn@e&adanﬁdmmmwwmaéé 36B with

22@@%@&@%5%&&%” et?aclﬁ‘%ééb%ﬁg‘gn%%gé‘gngﬁc?g}?{&%@?'5’6%6"3%!3 may be

rst interconnecting membeér € secon nterconnectlng
medipesad imayfaxtepldnat leabtipaialfpclioairocghipe, siiistraty $2 sasposed in a

as [0 CANNGEHERMD éﬁlae CRNgHCt geﬁf AL 1§6§é‘é’1‘9§%‘?{é‘éﬁf Hembers 40, 42

conductive traces 3 36D. The c ctlve tra
dispoised snbsttinstablateronghl tﬂkﬂathmkdmwésub@e@@&algb@mayrtted in a direction

d'SE{%‘?&{&ﬁX Ao stffe Fﬁ&l‘bp L%Eﬁc%"s H}%}%%ﬁéﬁqtgéémp'e

interconnecting members 40, extend substantially through the
thickness dfdiglsstrtenseaadodraayibateindgdivection the suhisstatatisdpetween the

no réHﬁ‘c'lﬁQ&U@ (RATINTagSS Gf ﬁ%efﬁgpgﬁﬁ?t?z%d'%%k%ﬁ W DANANRY P races 36C,

may be provided on or in the substrate 52 between the conductive traces
36A0B68 dhthecirndpaiiB2-autilGetweeanecamaitstive adesB86@)aBep! >4 may

of tl'ﬁ%lﬁ&@% I?'rAngt:cjl%l %}Icﬁ%rs %@Aﬁnﬁ}e ﬂﬁ@ﬁ%'ﬁl%%ﬂe?%l%epexy, or

include a poly mer material such as, for example, a thermoplastic material,

an @“pwbbm@mfe@my Bafy@mm@féhaw@mm dreledlyiavalilateesist materials may
dielggiric. SNApLGRISURMEHRISM@Nal 54. A dielectric material 56 may be provided

between the first interconnecting member 40 and the second interconnecting
member 42. The dielectric material 56 may be the same as or different from the
dielectric material 54.

The capacitance exhibited between the conductive traces 36A, 36B of the first
pair 32 and between the conductive traces 36C, 36D of the second pair 34 may be at
least partially a function of the size and shape of the conductive traces 36C, 36D, the
distance D, separating the conductive traces, and the dielectric constant exhibited by
the dielectric material 54. Similarly, the capacitance exhibited between the first
interconnecting member 40 and the second interconnecting member 42 may be at least
partially a function of the size and shape of the first interconnecting member 40 and the

second interconnecting member 42, the distance D; separating the first interconnecting



also be used as the dielectric material 54. A dielectric material 56 may be
provided between the first interconnecting member 40 and the second
interconnecting member 42. The dielectric material 56 may be the same
as or different from the dielectric material 54. 25 The capacitance
exhibited between the conductive traces_3GA, 36B of the first pair 32 and
betecn e pondusiive races 395, 360, of e sacond.pall BB &L constant
least par?lally a function of the'Size anaﬁsha%e of the coriductive traces
36€Ex1dbixdihe thestielcetD2nsaperhtiog the conductive traces, and the

dielectric constant exhibited by _the dielectric material 54, Similarly, th o
capacitants BB R e g 1 AL s mBrbac g (o exhibi a
anditiecsecaod sntgrcoainédting mambediéRondy benatalgast hgattdilyyathe dielectric

5 functien;of Wie sige and shapg of Elélegl}'fé 'r\%%é%[yeﬁ'” emr%i‘e?geél‘mt(r%%‘ér than the
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the second interconnecting mem e nce D, Separatin
firstontBraovineciineg -30AmE6Her340 arfdthe thecomphintarconerdutirigd between the

member 42, and the dieleciric constant exhibited by the dielectric materia
g MeRlol oAt N AR £ THE . SRR DA PIRIREIE A beoween
exhiitfasdpelie Aot onsdantitiratrdiffe 3o 0B dislabiricapangtant @xhibited between
by the dielectri erial.54.. If the int nReating memb 0,42 ar .

o e et g s el e RO R R 8 SRyl R aterial 56
capadittincdiekitibitethvetvab it thevyirkersolenedtingcmémbehs 48padtanay exhibited
be r. thap the capagit hipit eeR thefirst pai f. .
o B RIS B REeaD e TP SAE! prerconnecting
secvenihsaif 34 of tolductiveqiralcés 36 p36DINAS sklbibittk biégterstnidhe conductive

maﬁ%ggi §g&%gﬁ%%ﬁl%gf§!%gﬂ? ﬁaat (’(iﬁlc ?J&%Qg e%c%l%%g&jbsétt!&/%etg%e conductive

the capacitance exhi tween irst interconnecting member

andrihesstondthtefcdmesting paanber B isxsimile: Sreedigstdaia material 56 may
Ca%@ﬁzﬁﬁp e&é@?ﬂﬁ%déaﬁg\f‘é%m{t&eég%gy?ﬂxl? atrﬁfe?%ﬁﬁsf‘cg’l%@aﬁ{ %{fsﬁ%d by the

pair 32 and a capacitance exhibited between the conductive traces 36C,
360igettecsavtardapaid 34 IF shiexaaipier, thietwie|@othicdivacatiabBemaypy e further

exiibihA deleaitie Sonsimt ahinIaesiban O dPaILe RORRIAN SMIOIRed by he
by the dielectric material 54. In this manner, return path discontinuities
masebeukiriseragainimized, thereby further improving the quality of the

electrical gloRals CamESiiYIE, CROIHEINEHAGES IR LENONIRE Eme as the

the dielectric material 56 may be the same as the
dielectric material 54, and the size and shape of each of the interconnecting

members 40, 42 and the conductive traces 36A, 36B, 36C, 36D may be configured to
minimize or eliminate differences in the respective capacitances exhibited by the
interconnecting members 40, 42, the first pair 32 of interconnecting members 36A,
36B, and the second pair 34 of interconnecting members 36C, 36D. Furthermore,
combinations of the techniques described above may be used to minimize or eliminate
differences in capacitance. For example, the dielectric material 56 and the dielectric
material 54 may be selected to exhibit different known or predetermined dielectric
constants, and the size and shape of each of the interconnecting members 40, 42 and the
conductive traces 36A, 36B, 36C, 36D may be configured to minimize or eliminate
differences in the respective capacitances exhibited by the interconnecting members 40,
42, the first pair 32 of interconnecting members 36A, 36B, and the second pair 34 of
interconnecting members 36C, 36D considering the known or predetermined dielectric

constants exhibited by the dielectric material 56 and the dielectric material 54.
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20 dielectric material 54, and the size and shape of each of the

interconnecting members 40, 42 and the conductive traces 36A, 3613,

36C, 36D may be configured to minimize or eliminate differences in the
respective capacitances exhibited by the interconnecting members 40,

42, the first pair 32 of interconnecting menpers 36A, 3613, and the

second pajr 34 of nierconnecting members 206 200, FUNEINgG, 28, 1y Fic. 315
combinations of t e]tecﬁlnlques deserbedabove may be USEd to minimize

or disciiaté thiffsvewabsriiccapactandaiS-crieddm i, thet didlbdtiustrate incremental

maferial 56 and, the die 'ec%{ﬁo&‘@»‘géﬁ‘r'i?‘h@%@%éc 'r%%%‘éé"i&%“%l?'s%o n in FIG. 3,
diffefent known or predee ermined dielectric Sconstan S, an thé size and
shagenfbaghsottioa inierdoAndoimg theeenbe BedOridg find thdl€ord\ictivabstrate 52
trages,30Ar 3003, 38C 36D, maw b configured o mipimize, of LIRS, water ma
30 differences in the réspective capacitances ex(hﬁ)iteg’by the y
intdeprinedtih hmembels 40]ca? thhe dirdtpae 3R afidtekcdhBadtihg first pair 32 and
membpers 36A, 3613, and the s ir 34, of interconnectin mbers .
B e R s PRl LT S sectional
exhilsitecshywherdidlabtricAnddtendl 86 amst thadlielact timen dtehialf 5de {8t pair 32 and

An {llustratjve od- gf fabricating t lectronic device own.in FIG.

3 O R e SR S RESIG, ST . som o
inctenfentalipdihtsintamatindbeiivetrmethdobifabidalin getva ¢ lpitrohimay extend to
device wn.in. FIG. 3, tak ction,li -A'S therein,
Re\éeﬁ'?rl?é)r??r};ft%tcél Iléllé .égA?%até%bi%a?#g 2?5%&%2&%%&%%%% ?agcﬁlé%ﬁc‘fonnea the
boarmdsemicdridastdf s odr sbthictndurtor3dafed thayobdustoidegehdoC, 36D of

inc{Hgggchleéxgl% glyftﬁp&%%c[ﬁ\éesﬁ%@g%%%, 36B of the first pair 32 and

between the ctive traces 36C, 36D c')f the second pair 34. In the
cross-secBonakwielvex sinplenaind M@ Singitadan, ghiy ehediictiveohdesstiveA, 36B of the

tra‘fﬁs?.%fflroﬁ%ha%ﬂ @%}%@n%@@gn&ﬁ&ﬁfé%@é%eﬁ@cﬁﬁh% ﬁ?&?&%@&‘aﬁﬁﬁﬂ may be

are visible. The conductive traces 36A, 368 of 10 the first pair 32 an .
corfduntidenrates BeGBBRehEsdonsd wailB4lenayiengenthio layer of conductive

ge?l%[@riglc?sﬂgﬁ 9@, i3 Q&%ﬁﬂﬁ?ﬁﬁ?&&l@%ﬁ& \%@tﬁb E{hb?g%%ﬁﬁglltl one or more of gold,

interconnect the conductive traces 36A, 36B of the Tirst pair 32 and the

condnpeealtBE 36 Gl 88D mdt.mt@nmdtbaipgndtm@vfghr@hessubﬂnﬁatéin layer of
52. Bydnanefexemp's,ang: QQBH{B!@H%MHGQ SODAUGHYS BRees 384 RO in layer of
of the 15 first pair 32 and between the conductive traces 36C, 36D of the

secondyssivamarraipbeStchadtindageimtiverdisstratm SRy, ey deagaphsited by, for

?neiéQﬁiHBQ HHYY AV eL RS %%Bgéiﬁ%\ﬁe(#vﬁ?{é%hfﬁgﬁ& 3§.’gf.9‘é&ﬁ?éi‘}9§‘3; chemical vapor
etals and metal alloys including one or more of gold,
deposition (CVD) techniques, electroplating techniques, electroless plating techniques,
etc. Alternatively, a conductive film may be laminated to both sides of the substrate 52.
The conductive film may include preformed conductive traces 36A, 36B, 36C, 36D, or
the conductive traces 36A, 36B, 36C, 36D may be subsequently formed or patterned in
the conductive film.

In the example shown in FIG. 4A, the conductive traces 36A, 36B of the first
pair 32 may be carried by a first major surface 58 of the substrate 52 and the conductive
traces 36C, 36D of the second pair 34 may be carried by a second, opposite major
surface 60 of the substrate 52.

A dielectric material 54 optionally may be provided on the first major

surface 58 and the second major surface 60 of the substrate 52, including the areas

between the conductive traces 36A, 36B, 36C, 36D.
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copper, aluminum, silver) and patterning the conductive traces in the thin

layer of conductive material by, for example, masking and etching (wet or

dry) the thin layer of 20 conductive material. Such a thin layer of

conductive material may be deposited by, for example, physical vapor

deposition (PVD) techniques (e.g., sputtering), chemical vapor deposition

(CVD) techniques, el plating techniques, electroless plati .

tochniauens S A SO CHE i oA Dot oiltched. o
sidethafviive Suinstrhtier&izh The sobsidareti2 ffiinm thayfinclwdppseftimaéd to the second

conductive traces 36A, 36B, 36C, 36D, or 25 the conductive traces 36A, .
o G ER, T Rt i ot S BB S R B e of e

condbgtise Hitntdridhe exanpeieust@drihnobiB.tHA sthetcoaddctihdetrixoesal punching

36 ORI Re et palr 82 @%}@1'%%1"% lgd béé%f”St 12O SUIBCBEB Rl a5 ma
the subs{ra%e fangls e conauctive traces% é,%%l??o secondepalr ’ y

34 mmenphetcarsied byoecsesond,foppasite shaperti80aperface @D idngh the substrate.

substrate 52. A dielectric material 54 optionally /may be provided on t
ol B e R R O e SRR B o 308 o 0
52 firtlpding Zhendreath betwednetivh condudiive traces@6A3@B8R36&cond pair 34
36D+ As shown in FIG. hgle qr aperture 66 may b ngh
dri:ae:éc,}?ghecﬁl o?ogqt E?WE% or%r%%d mroﬁﬁﬁﬁ‘r‘% s%lﬁ)s%éne%zigg}r%et § lﬂ?g%quent o
majormsafifac@b@hip toedmtordtratajoB§dfadB6BGCor dample, ethasemmbodiments,
m e | iak of bstrate 52 to form th .
ap%é%%%—:-‘yJ 6%}11&%% F‘%It[ﬁgfggﬁbge %g %ﬁ%ﬁgnﬁéﬁ pﬁ%cﬁ%g%}%éld%griﬁ |$’1gcoIlduCtlve
processe¥d;, shBmibsl, 8fhing processes may also be used, as may

combinatiﬁ@%ﬁ»ﬁrpg%eﬁfés’4@,@@&&”&@?&%&9&@9&{ HELOPNIRUID Formed by

substrate. The aperture 66 may communicate with'ends of eac
conignosivia gradeySoi, BB ustiac finsteyal @ aahehsvithvesrible efpeaeth lateral surfaces 70

Corﬁgol‘gilg\é%ﬁgﬁ% e%cwi%ﬁlg ﬁfeaarggﬁ%%d or'rir:]égl‘s){j@ %f g)(alﬂlf%) not limitation, the

em ments, the aperture 66 may sequentto 10 formation

of ﬂlaée@drfdgqﬁdectia@egasml%m@@@g@qﬁtgdqewqmbdm@&%,surfaces of the
howey&lthe ARgiiLEe &8 @@%&% formad arerde f‘?ﬂ“@ﬁ'%%&ﬂsﬁraw 52 within the

conductive trace53 A, 36B, 36C, 36D. Referrlng to FIG. _4C, a first .
intégEohmecthdy rusiberfd0 erearipdeforetesiroplatiaposishgiaueserctfctroless  plating

condythivgenaierial ol At least AL NRRReRAR RIEE! RGeS dAidR O shown in

the substrate 52 within the aperture 66. By way of example and not
limit&dofCthe

The layer of conductive material 68 may be selectively patterned to remove the
unwanted areas of the layer of conductive material 68 deposited on surfaces outside the
aperture 66 and form the structure shown in FIG. 4D. In some embodiments, unwanted
areas of the layer of conductive material 68 deposited on surfaces inside the aperture 66
may also be selectively patterned and removed. The layer of conductive material 68
may be selectively patterned by, for example, masking and etching (wet or dry) the
layer of conductive material 68. As seen in FIG. 4D, if the conductive traces 36A, 36B,
36C, 36D have been previously formed, the first interconnecting member 40 may be
structurally and electrically coupled to both of the conductive traces 36A, 36B of the
first pair 32 and to both of the conductive traces 36C, 36D of the second pair 34 upon
formation of the first interconnecting member 40.

Referring to FIG. 4E, a first aperture, groove, void, or notch 74 may be formed

in the first interconnecting member 40 so that the first conductive trace 36A of the first



layer of conductive material 68 may be deposited over all exposed
surfaces of the structure, including the exposed lateral surfaces 70 of the
substrate 52 within the aperture 66, using, for example, electroplating
techniques, electroless plating techniques, or physical vapor deposition
techniques to form the structure shown in13Q FIG. 4C. The layer of

condctive Inatelial 68 1y e Selectuely pateied o (eMOVe NS e 40, and
as o e e

anted ar ayer of conductive ma erial eposli on

surfeces] oytsitkectheroaperurel 66 ardcfoitt they steufiitredhowre ifirk Giterconnecting
4D. In some embadi ts.unwanted areas of ayer.of conductive

ma eer‘ﬁési’%%%o@ 30 t?%%%sﬁ? %cce"s“fﬁlé'it \éetf?{aa%epg%reggé% Seco“ﬁ%’é“ﬁe“ may be
seleletiuadylpatseraed fochrévn bvegdnEheotanpetiog coerdbetide. nityterigl 68example and

a .sejective tterned, by, for mple, maski d etching (wet or. .

dry%fcf ?IIIP!&UOH h{ep A NSy anﬁége &)gcoﬁ.ﬁ nok«ir]_?g()n A{P)a,}/l?!;ltﬁ eﬂn(megl %y etching
corfgectveltyacks B6AjB6BeNBEAII36Dehehe heehrprebioushskoribdr thethods such
first interconnecting member 40.may be, structurally, and electricall

co ljl[:sﬂ e%e rtgxg(r)r%ﬁ‘ie %gl:ctron eam lﬂh(%%:rgghérﬁ?% 8@02)/ ?ef'hues%%ﬂ Form)fhg ﬁirst notch 74
andrtd Hethafané coibuthive ttecéssB60cR6Dnetting secoher pHir 3K whoronductive
formation-ofithe, st intercopeqting MembeL 4G, RE'RITINGOKICAR R conductive

zfy eformed. in the fi

first aperture,’ groove, void, or notc

posite may a

e layer of conductive materia seenin

of the conductive tr rst pair

m In rst

10 intéraond@stidgheémsbpaia G Sendhthehvectirst comthutitivetree 8 @ Afdhehwcond pair 34

first 14 oa ' . ol from the first int . .
'rzmc‘é‘.r g)g%gf dﬁ'&%&&%&é%%% Vahsaoe%%gnég’ﬁ'% SRE '{125 3&%OH&?§Hpegconnecung
formeunhipertHe.firds iptev@@wdﬁmsmémquSmth@memwﬂwm dt_ireeconductive
.”a%%c%ﬁ%%t,h%é%%c%%%, %Kﬁ“rﬁﬁfyb ef&%%%%{'%%\&%ﬁ&éﬁeE’ofTPdMﬁl?oW%f the first
Interconnecting mem 40.

firstntergsmirer amgl treendet A dumbtbh SEeamdyntrrdonnest g netoriayd wet or

a secona aperture, groove, vo d, ornotc may be

er By way of example and 5 not limitation, the

15 dry) the figgf H&E%%C%Iﬂgb?éﬁqﬂgﬂ&?%eﬁﬁ]%&ﬂg'?@AH@ -eos%z%wgmsﬁ% may be

such as, for example, electron beam
forrﬁ@ltlh?edi%ttmm%iraﬂqhmbim@ﬁ@mdmﬁi%mﬂﬁéaﬁéﬁ inteslesHmelstipjterned to
mefmg(lé %elhmaﬁ?éadﬂggy%f %Cﬁzé%’cgﬁﬁlc%ﬁfg n?'a@g%lg'laé@ cpe S%ited on surfaces
previously formed, the second cond 2
an@ll!fﬁéd%b@ﬁﬁeébﬁdééti@éHfgﬁ@%]l)dé?%ﬁé%bconq pair 34 (FIG. 2) may
remain strgciurally and elacirieriin seyPgd e the URLIMSIGRANRSING, be filled with

member 40. As previously discussed, however, in some embodiments the

ography may also be used to

ctive 10 trace 36B of the first pair 3
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formﬁtiﬁﬂlﬁ’&mﬁ‘,ﬁﬁsl':urable fluid polymer material such as, for example, an epoxy or

epoxy-based material may be provided within the aperture 66, the first notch 74, and
the second notch 76 and subsequently consolidated or cured to form a substantially
rigid structure comprising the dielectric material 56. As an alternate method, a curable
polymer material may be provided within the aperture 66, the first notch 74, and the
second notch 76 and subsequently consolidated or cured using programmed material
consolidation techniques such as, for example, photolithography techniques. In such
techniques, multiple layers or regions of consolidated material may be sequentially
formed within the aperture 66, the first notch 74, and the second notch 76 using an at
least partially automated machine.

In some embodiments of the present invention, a curable fluid polymer material
such as, for example, an epoxy or epoxy-based material may be blanket deposited over

the substrate 52 including within the aperture 66, the first notch 74, and the second



interconnecting member 40 and the second interconnecting member 42.
15 In some embodiments, the first notch 74 and the second notch 76 may
be formed at the same time the layer of conductive material 68 is
selectively patterned to remove the unwanted areas of the layer of
conductive material 68 deposited on surfaggs outside the aperture 66, as
preV| ed. The apeture 6, the fi s ch 74, a
O e T e 0 e T e o ADE e regions
shewrhins-16 thd- aByrtway @f, ehamptemsdmlo”f6i,mindt’mnbetwaeablheﬂﬂ|dt pair 32 of
pol aterial s r Ie an,epox sed. materi
e B T e B R R A SRR R Y SRR s 30,
notehiDr 6 Bredrsgibse glienthbbofisaligateohorroatathtolarhaee suby dteatiadlysolidated or
rigid s Gjure compyisin t edlelectrlc aterial 5 s.an alterna

> methot (ﬁy a Curabie géep‘églf/rﬁer matena?@ay%)e prgfv%ed wi tta % Il?y rigid structure
apertumlsﬁl,gtﬂmfdsﬂewwwﬁﬁmaﬂd%s_w(xmlnmmmpfﬁsadmi w1th1n aperture 66, the
SUbSFf‘qluen}ZY %nsm(gat%det%&c Celfllr?k% 1}th|[£ OFAMME ?I}]&HC R races 36A, 36B and
consolidation’ tec’nnlques such as, for exa photo thography
techﬁrqe@sthcn suohd teohdigo€spndultiple lmyessBéCcé?@anﬁlofsumnwﬁdeally may
mager j L MRy D Seayent a"gwfaor{t’é‘ae&je‘é‘i'éﬂ'”t %léf’%{}“re 68 ine it ”?B”e Ritside the
74, arld the second notch 76 Using an‘at 30 least artla y automa d

10 ma:qtﬂrterein6§omenembudnnemsleofkhemnes@htngvent@nnacemratﬂdlﬂmdal polishing
poI %(g‘ ssuch as, for example, an epoxy or epoxy-based material
may eposited over the substrate 52 including within the
aperture 66,smeemeth®dmhﬁm$ cdribiethecsadondention, becticlecemeimaterial 54 may be

sqHenty seleglivehrconsplitated opauted YA AL SRIRCIRAIERRBS ed onto th

suc asﬂint eaperlture%g lﬂwe notcies ?4 7%(}and @etween ?h ﬁ ¢ oo Hie
paﬁl@@%ﬁl@lﬁﬁ@tiﬁﬁ%@@@ﬂb@@@%d between the second pair 34 of

15 conductiv faes, 36Ga PR T eqians,af siable UiK BoNRS RAIRIAe formed

e was or rins

that have not been consolidated or 5 uredi en may
awaythe Eﬂi@lgﬁmmtatlylriﬁd@?%mnés dompasierdtihé diekatdiecthetérigk 36A to a

56 fécg%ﬁql?ﬁ%/%ilﬁél%ﬁ%dﬁgt\éﬁﬂ%@%?W%Iﬁ%et@%c&?&qﬂ?&cy %nzgt’mg member 42

and/or between the first pair 32 of conductive traces 36A, 36B
betliten 2hasstcbadpancd4 aidcarigaend e peiders. 3609 86 D/oilde @tru@tglaeSO may be

oPtgRALN My DG RRBAIZGEhIIAMRY GHIPARIES r‘?ﬂiﬂ{‘%ﬁ’fe‘i’ﬂ&'%‘f‘”ﬂﬁe conductive

material disposed outside the 10 aperture 66 using, for example, known

20 etctifieg SpcriemioantinachahicaighedistsineteCn PS aickhigfugs: second interconnecting

member 42 (FIG. 2) is to be formed. By way of example and not limitation, the first
notch 78 and the second notch 80 may be formed by etching (wet or dry) the dielectric
material 56 through a mask. Other methods such as, for example, electron beam
lithography may also be used to form the first notch 78 and the second notch 80 in the
25  dielectric material 56. Furthermore, if the dielectric material 56 is provided in or on the
substrate in a liquid form and subsequently consolidated or cured using a selective
consolidation technique as previously described, the first notch 78 and the second
notch 80 may be formed in the dielectric material 56 when the dielectric material 56 is
selectively consolidated by failing to consolidate dielectric material 56 in the regions at

30  which the first notch 78 and the second notch 80 are to be formed.
As shown in FIG. 4H, an additional hole or aperture 82 may be punched,
drilled, etched, or otherwise formed through the dielectric material 56, as previously

described in relation to the aperture 66 shown in FIG. 4B. Similar to the notches 78, 80



In some embodiments of the present invention, the dielectric material 54

may be identical to the dielectric material 56, and may be simultaneously
deposited onto the substrate 52 after forming the aperture 66. 15

Referring to FIG. 4G, a first aperture, groove, void, or notch 78 may be

formed in the dielectric material 56 that exgends from an end of the
conductive.trace. 36A 1o a, lacation. in t@g dielectric material.56 at which

e e g e R S S R A D R A n or on e
secohst@peiture ligrodviervohdsuistaiu8itinayiseliftretbdrirctihed using a selective
dielectric. material 56 that extends fr n end qf the canductiye, 20 trace
ot s M G i e, TSR 8 perure 2
intshcovmectings. déninay 4% (Fine) is thddifdeniad. Bytarmamy 66 exbenpibe dielectric

and not limjtation, the first notc d .second notch 80 may he . .
5 for%%%a'i“étg hs. sélec 1ve(IJS¥ con)s?ﬂ<zagea:i>¥ t%gu 11&%;:%0 CO %(éhﬂgla% dl??e\étrlc gfgterlal 56 in
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y etching (wet ot dry) the dielectric eria rough a ma
Othlke mgihoasvaich dis, fddiexanh plede eleapamizedins lithogfaphsdmay also
be used tg.farm the first,notch.78 and the second notch 80 in the 25. . .
diefoctic TSR BA. Bor e H BT SRR DI g aetecuic
in onaerteS6ubstrateynte liglkd fenth andebuiisedlentipydoniselidatedarto form the
cured usjn lective consglidation_techniq s previqusly descrRe .
e B B B M shown i
makéGialb6 Bshenthe dielpidandateribihbéiimns ehectiperiyrechisdliddied ytch 78, and
fail] solidate dielegtric jal 56.1n. ' te ! e .
e noter ol Sat 30 B RS RS AT Sl Wetecicatly
4Hcamdadavtiomal disle wiap dieurex 8@ piaycvstperiahied tedhilsmicetciedraess plating
ot ise f dj i ' ,a iousl . :
e e b IR A A ondpive maerial
notdtesingl 80 the simechaalimhachicraneerdltss fifrthradielectriasiingeriad etching the

56 gﬁgg&%d?g%%\qw§ﬁ%smmma liquid form and subsequently

consolidated or cured Using a selective consolidation technique as
previoushyltdieseritsssiotifethaiditioerametiedsr spsirneess2r ghioowasing-IG:taeds may be
m : SQ(? tf(9 m ﬂrﬂethﬁaqufg&ﬁrdﬁi@]ﬁé?ﬁ%l '5:’@ Q’MB% tilﬂeﬁq@ie%t%lé Lmatl%latl-:xample, in
56 is selectively consolidated by failing to consolidate dielectric material

56 gethedigivh ariivdeherdiaditioriad Nolewrupshupp@is 2bdhown in FIG. 4H

formed L6 HRAHHS8R (HAGH UL ARG (8736 I SREAMhIRIHERPnotch 78 and

the dielectric materialg.% then may be filled with an electrically conductive

matlegiatorfdraottie 88citoHY iAtelestina datives #hern e vioudbiclasertheg in relation to
eleﬁ@.n@e\ﬂ{:?/éoarﬁﬁh%?%‘ﬁﬂiffbnal method, instead of filling the entire aperture 66

shown in FIG. 4E with dielectric material 56 as described above in relation to FIG. 4F
and subsequently forming another aperture 82 through the dielectric material 56 as
described above in relation to FIG. 4H, a relatively thin layer of dielectric material 56
may be deposited on the lateral surfaces of the first interconnecting member 40 within
the aperture 66 (FIG. 4E) using an electrocoating process, such as that described in U.S.
Patent No. 6,829,133 to Wermer et al., the disclosure of which is hereby incorporated
herein in its entirety by this reference. In this method, there may be no need to form an
additional aperture 82 through the dielectric material 56.

In the conductive structure 30 shown in FIG. 2, and the electronic device 50
shown in FIGS. 3 and 41, which includes the conductive structure 30, the conductive
traces 36A, 36B of the first pair 32 and the conductive traces 36C, 36D of the second

pair 34 are shown extending away from the first interconnecting member 40 and the
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10 FIG. 41. By way of example and not limitation, the aperture 82, the first

notch 78, and the second notch 80 in the dielectric material 56 may be

filled with an electrically conductive material using, for example,

electroplating techniques, electroless plating techniques, or physical

vapor deposition techniques. Any excess ¢gnductive material deposited

on the structure may be remaqve for example, masking, and.etchin o
e 1B e s R S T g sies
medtlidassgeguent?s, or processing methods may be used to form the

final electrpnic device 50 shown in FIGS. 3 and 41, For example, in_one
aciitonal SIEToH AGAUNG FoMAHYE AR b e SRSt iines or e
Fl@rebentmayebedorimetidivroug i'tbe Gliel€btricomditetiiad S6ystioet84amsimglar to the
the first notch 78 and 20,the s conﬁ_1 otch 80 in the diglectric material, as .
oA e o by Sonducive
metthoek fgie6BS filsacptite rentifkt agecterei68] slvonduini FGrades Bk, 36D, a first
dieleetrismaterial 36 asdeseibedabove in relalion 0 £, AP Bber 4> 1n the
subsequentefy %oigmlng another aperture §2 ﬁwoug the dielectric materia

56 amdiesodbediciboy 84n helatioer.tohE | Sedtkcdlyetativelstittertdagesr HfA, 36B of the
die}egyic m%tfrialtS%ZS a¥b q (hsit d on thg Igt ral surf ces4%f gﬂﬁ th d
firstllrnte%lcgnnec(;'t)lgne@lnm%?/n%'errﬁfg1 W;ﬁtEinr% énargg(r)tur}ecggg(lﬁl%ﬁg) using an © secon
elettiocontieipgovessbaudh as thalidesonbibdtinsLhB8enRdtentadoangle relative to a

682913 B0RT 6! Al de SHSclORUIR Al

%Qsi%g@,r %i ’L‘}OﬁPeOE%E%‘Hd pair 34
herein in its entirety by this reference. In this method, there may be no

needttodorwagdradditiofisdtapererensctitrg cughlibiediclet ttic neatedainsgconnecting
30 dugtive str 0, ' - '

o e BB SIS S e .3
stroftthe B0 tharcdhdndtihe trackisBEATE8B 3bthe fildtbdire3scermiithair 34 extend

Coﬁ%?g‘rﬁo Ghe 0% FARAlNGAh OFB%H?QF %a%]ﬁ(isqﬂgv%gegﬁ@dfﬂ&rconnecting

away the first interconnecting meémber 40 and the -17- second
intencomsedinganémiver azla keibsembialpgttrs samobideetiens.on opposite

sides of (b8 AHRAE!S R+ EOIRE IR S GRARMCINP UGB MNBhdon may

embodies teachings of the present invention is shown in FIG. 5. .
conaicledoanstre chare t84 isosidnitay cottaeessiad raustpensing tniergmagkiing members.

indi"geeﬁl@tﬂé?tcgﬁlgu%g\%f Slacticaly ﬁﬁ@gﬂfﬁj)@egmi%géog%%l%sent invention is

second pair 34 of electrically conductive traces 36C, 36D, a first .
intehsorméatfihg rherhbecandugity e Seusinig ibrarcontbetiaghnemsicdpe piructure 84

theshown in FIG. 5. As illustrated in FIG. 6, however, the conductive structure 86 may

include a first set 88 of electrically conductive traces 36E, 36F, 36G, a second set 90 of
electrically conductive traces 36H, 361, 36J, a first interconnecting member 40, a
second interconnecting member 42, and a third interconnecting member 44. The first
interconnecting member 40 may be structurally and electrically coupled to an end of
the conductive trace 36G and an end of the conductive trace 36H, the second
interconnecting member 42 may be structurally and electrically coupled to an end of
the conductive trace 36F and an end of the conductive trace 361, and the third
interconnecting member 44 may be structurally and electrically coupled to an end of
the conductive trace 36E and an end of the conductive trace 36J. In other
embodiments, the conductive structure 86 may include any number of conductive traces

and corresponding interconnecting members as desired.
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conductive structure 84, however, the electrically conductive traces 36A,

36B of the first pair 32 extend away from the first interconnecting member

40 and the second 10 interconnecting member 42 in a direction that is

oriented at an angle relative to a direction in which the electrically

conductive traces 36C, 36D of the secondjgair 34 extend away from the

first intercQnnecting, member 40 and.the second interconnecting m m@}ir

15, The Ao Ba L e S S e LoflR0 e st s of the
36Bresttinarfirsttipair s2shoaithie ddaduttivEieacesi86B,e38iaiitheddesomabstantially
palsri%%nl} grxgg ?gelc%ﬁi 2 1\?@%@1‘&@%@36'%8(%1? oy %&:&n% nlﬁ%egodﬁ%ﬁac 1dvet:hs?ructure 91,
second Interconnecting member 42 may be any angle between U degrees
ani@8évdegheds:sConductive stractifrasothéiedmb gy téachihgsosédhertically above
Pregentinvantion may. ndlude morehan i, conductye UaGes A i ontally side-
corresponding interconnecting members. Yet andther'conductive
stribgturde86otiiagentivad e tenchihgds olthelpresentilaventioreis @@ dhswvponductive
in FIG, 6. Fhe.conductive structyre 86.is similar 1o t ductive structure :
o et S T R SR (RO HE SR Brducrive
striceaé@d niaficinetodd adirsiset/88liefeslectnnaiktyicomuctiveviraoesy be disposed

36 egvge‘:]%h:%?g’&)ﬁg&&‘{lv% SEA %“6&"9%‘65?3(')'?’ oS i.\ﬁ%itrraffsaﬁgﬂhe conductive
361, , a Tirst interconnecting member 0, a second i terconnecting
meimioey 26C aDacthihd hetemnsbprie Siinghee thbepaducTive firsicREe 91 is disposed in a

int%ﬁ%?i%%%%m 8. %rs%gem%ggdsgt%%%%@\lly and electrically coupled to

an en e conductive trace an end of the conductive trace

36H, the seddork dhtgreonpicatindusietibeeléctropiy bes s Ot thilyearebdies teachings
electrigall I end of the. Oﬁf&lc jve f.
thegéolt(rﬁ%%rt%i\%@rgg\é%g% a[%lolg %ﬁé%ﬂlf% intér%bnzrgg&%\lgcr@n%%%dg 4?1%?11(2?/ includes a
be sthyoricalfZafidieaticiily coupleld.taapind dfS0dhecemmpdisotiyvean electrically

traggn%%'ét@gdsaﬂc?ﬁ% QM?eeﬁl%(a%ﬂ faﬁﬂﬁ ssgf]'th% ﬁ&%éngmmﬂlmﬁnéﬁch as, for

the conductive structure 86 may Include an number of conductive traces

anéconspbadingdimerectinettiirgtember sndslGegirethe 3gstamdtAdnrther includes
lllugirative SRAGHCHYR SUHsIHIG:ad: toat SmARdies BRCRILG AL 1BS, pe(ﬁﬁ’l?ﬂt least one

invention is shown in FIG. 7."The conductive structure 91 is substantially .
sindiflshitionhle depfdigetiveostpontiie 0 sHowenin PAGICRIAN enebedivdenttividie electrical

SUUGHIR A SPWEY Ble DR HFRLFROIHTING LGE G 702K I VR BRI RofSted circuit

disposed vertically above 5 the second conductive trace 36B of the firs

paif@2casiophosedndiie Rorlzentalpsidetlisyckideiedriiyupatient sHoway include a
In Eﬁ@}ngrjnd@v?w'lﬁﬁ(ﬁnﬂfén@fe&?ﬁﬂr%%ﬁﬁv% may include an electronic signal

processor device (often referred to as a “microprocessor’).

In other embodiments, the electrical component 94 may include an integrated
circuit device such as a memory device or an electronic signal processor device, and the
electrical component 96 may include, for example, an electronic signal controller
device. Moreover, both the electrical component 94 and the electrical component 96
may be attached to the substrate 52.

The electronic system 96 may, optionally, further include one or more
input/output devices 98 such as, for example, a mouse or other pointing device,
keyboard, control panel, monitor, printer, etc., which may communicate electrically
with at least one of the electrical component 94 and the electrical component 96.

With reference to FIGS. 2 and 6 together, the electrical component 94 may be

electrically coupled to the conductive traces 36A, 36B of the first pair 32, and the
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trace 36C of the second pair 34 is disposed vertically below the second
conductive trace 36D of the second pair 34. A dielectric material (not
shown) may be disposed between the conductive traces 36A, 36B of the
first pair 32 and the conductive 10 traces 36C, 36D of the second pair 34
when the conductive structure 91 is dispoged in a substrate (not shown)
|ou g ?negscnb?g6A BIO e gllacq Ofc%ﬁ Illl%f ttflvecgll%cutgghve traces 36C, 36D
sys e mbodies t&He ings o Invention 18's
FIGf 8he hm:@idmmnﬁﬁsyhtems%mﬁxgun\m)m de@stcalecﬁﬁr(mmm&uasnfmmy be enabled
exam Ie,t%ﬁgsrcudt b ard t‘l%% ec[rl R e'ecéﬂgat”% 2 ancail component 96
strdcture embodies teac INgs 0 & p tinven |on S4ch
examplehthikecomalictive smamctlﬂéASOtbhmnd Ri&reonheetsystaendRr 42, and the
further Ing Iudes at I? ton ectrr al co nent 94 hed t 7
substrra%1 tra ¥ Paé one adc %‘ona Hq%%ﬁcr}?{laggr?%%ﬁe% g%rs mterconnecung
paﬂtlemhcle#ibodmhem thendlmttmc;aﬂraocnﬁ@renﬂ194tla|srdcmtflgleetrmal the electrical
onent 96 na hi n |n rated cuit 20 devic

fp o%r gg]a?nﬁr? at%ﬁﬁg% fec rell?:a poner%rQTrXa()%/ |nc?nd1§ure§h[0 &ecmcauy
mecmmlylmev&te vaitid tne etethicahoorghbohecvfbusiane inchaterad0 using differential
e'ecg%l' g'%@%‘ il Eeszi?ﬁé‘:?\('%§ (Qftendeirmed o % fPonent 94 and the electrical
micropro essor r other embo ments, the electrical omponen
ma@omplmetar?wegsategl cintligudeice uohids a mffrseptadviograd apetween the
eleconia oAl pogssses devigeaantl e, o SHIRALPMROEY! Berconnecting

gha

may Inc e for examp é,ane eCtI’OﬂIC SI COﬂtI’O evice. Moreover,
bomcth@eié&rm daﬁmmnedmmrenmﬁw@emmabté@rmht:%aemalyebeonductlve

a“%% ped §a¢hasyostrate ?&oﬁﬁegg S diﬁ Joogl gé il &&e%?é'%aﬂ:‘érs} one of the

further include one or more input/output devices or example
a mbagsecel erharopontidgadd vives! S0ricaylsoarel a6l pandk reofigored to provide

pr"at%lr% erd’*&?é?@n@%aé{f‘i%@'ﬂ#ﬂ'ﬁ%%? REISRN H%?Qeaeﬁl"?ﬁlé% @:8{1¥Eetraces 36A,

electrical component 94 and ectrical component 96. With reterence

to BES2thn s tiogathAer, ttevedacthic irsomissemameoung anebbes|d@taedife second
coupled IR0 fOMAGHYE Baghs §<%e§1§ ﬁlé’fcﬁﬁ‘aﬁf&%@ﬂ%c%g 3809 48 Jfhe second

electrical component 96 may be electrically coupled to the conductive
traped 36C, 36D of the second pair 34. In this configuration, electrical

communiGgtion (may e FRARIE 12Md eSaRlIshel PLAWERARINESRIS ?%‘i’il:‘iﬁ' 94 and the

component 94 and the electrical component 96 through the conductive
tractegeinaliserspertit! Rftarcorreetingmisthbepayidmaniséectrical signal through the

conductive trace 36A of the first pair 32, the second interconnecting member 42, and
the conductive trace 36C of the second pair 34, and the conductive trace 36B of the first
pair 32, the first interconnecting member 40, and the conductive trace 36D of the
second pair 34 then may be used as a controlled impedence line to shield the
conductive trace 36A, the second interconnecting member 42, and the conductive
trace 36C from electromagnetic interference. Similarly, at least one of the electrical
component 94 and the electrical component 96 may be configured to provide an
electrical signal through the conductive trace 36B of the first pair 32, the first
interconnecting member 40, and the conductive trace 36D of the second pair 34, and
the conductive trace 36A of the first pair 32, the second interconnecting member 42,
and the conductive trace 36C of the second pair 34 then may be used as a controlled
impendence line to shield the conductive trace 36B, the first interconnecting

member 40, and the conductive trace 36D from electromagnetic interference.
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5 conductive trace 36C, and through conductive trace 3613, the first
interconnecting member 40, and the conductive trace 36D. In this

configuration, the electrical component 94 and the electrical component

96 may be configured to electrically communicate with one another

through the conductive structure 30 usingg®jfferential signaling

techniques, At east,one of the, gletrical component 34 and e SIEEiee! yrucuures
10 componen G6 m§y Be cor?frlgurecfl%o provu]I(Iel 4 fifrerentia signal ’ ’
betwdenttive tondustivhatracemBon, B6Bwoftdhe flistapadr I2betweanrtisponding or
first intefconnectin ember 40 and the second interconnecting member
i nt Sl helioe SR SRS oy RS
certaimerh@oplianents flat keastratee dlutiieerelectridal cowipogent 84k gmdsting invention
electiical compenent. e Tay. he,canfigried (o Provide 13 8 YOlagE e required for
difference of less than about thrée volts between the conductive races 1
364¢pnd68ivt thexfirdtapaix BAJ bzowe endhgl firstimtersobstedting rmertieerpl@ne in the
ancgutgs%s%cond interconnecting member 42, and between the conductive

traces 36 , 36D of the second pair 34. in other embodiments, at least

one of theVélekttivabsompoment©4 hadbitre EB@lbetrivaleccompberetiti®@lustrated
ma é%e%%‘%g%}ﬁg Eﬁg R l‘ggs’e%ﬁé‘re%'ﬁ GHigal SI9nRlduengh g %ﬁ%%ﬁﬁ%ﬁﬁ those of

trac e Tirst pair € second Iinterconnecting me

10 theocdmducsikil tra e 36Chof the isecananpain@4odndithe ddattiectditiase deletions

36B of first..pair irst intercon [ e . .
co R RS WMl deparing
cortrailéhici nppedanteciine ¢b thhialdetiieor Bcdefthastive thacdaBBAwineh follow.
second interconnecting member 42, and the conductive trace 36C from
electromagnetic interference. Similarly, at least one of the electrical
component 94 and the electrical component 96 may be configured to

provide an electrical signal through the conductive trace 36B of the first

pair 32, the first interconnecting member 40, and the conductive trace

36D of the second pair 34, and 30 the conductive trace 36A of the first

pair 32, the second interconnecting member 42, and the conductive trace

36C of the second pair 34 then may be used as a controlled impendence

line to shield the conductive trace 3613, the first interconnecting member

40, and the conductive trace 36D from electromagnetic interference. -20-

The teachings of the present invention may provide conductive vias,
structures, and other features that maintain a constant distance between
corresponding or



complementary conductive paths or traces as they extend from one plane

in a substrate to another plane in the substrate. Furthermore, the

teachings of the present invention 5 may be used to minimize the amount

of area or "real estate” on a substrate required for conductive vias that
extend from one plane in a substrate to anqther plane in the substrate.
While the present invention has been ctegﬂpgd in terms of certain

illustrated embodiments and variations thereof, it will be understood and
appreciated by those of 10 ordinary skill in the art that the invention is not

so |i it?% Cﬁ{a}mgé,iadditions, deletions and modifications to the illustrated
en‘r%(%nmrrﬁs—nmy%e effected without departing from the spirit and scope

of the invdntion asndaéictechiyydihecelaimepusigh follow. -21 CLAIMS What

is claimed is: 1. An electronic device comprising: .5 a substantiall nar

cob R PR S RRCATREPIE mft SRR
elezticaippicondiactiveatzcosding fiestquai, dfelestioallyfcdeducile ciradesive
oG S es Al PR 0,05 A0S SRS oo
second pair of electricafy con uctn)é%aces, the secon pair of electrlcaﬁy
condgctivd paces @xtendily sulktamiatingardile btomdeamothdeagnailin

e o S“P%&'ﬁ&%"tﬁ%ﬂrﬁ'ﬁ%%té%%%ﬁiege”s%gttél‘ﬁ’l%afﬁs};:#é‘}ﬁi%%”&&é'Qﬁo[ﬁgr“%%e& in the

extending through the hole an ctrically communicating with an end of

10 a first tracelbftthefirst pair and an end of a first trace of the second pair;
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lectrical ti inter i i
R T
second trabeoictlly fianpainicatia @ ghdrofal secoh tterse of the fsestpad and an

pair, the ﬁéﬁhigf%rﬁ%r@a%@%t esryé)o%rd ediﬂgaﬁgparated from the second
5 5

interconnecting member by a distance that Is substantially equal to a
dismecgé@dkhﬁngdnmimmlmwmﬁ@gmmwem@lfﬁistgo@ilroagu the hole
a distance, separafing 80%%?&99&'{}{15%%% S dBFESeAhFHIN% SRR B st pair
pair. 2. The electronic device of claim™1, wherein the first pair of
electricallpnd@nductivieatraeerdexicn disiibseactid gaparhdidirsd virsconoteeng

in a first pﬁ&%&? l%if{é separated from the second interconnecting member by a distance
that is substantially equal to a distance separating the electrically conductive
traces of the first pair and a distance separating the electrically conductive traces

of the second pair.

2. The electronic device of claim 1, wherein the first pair of electrically
conductive traces extend substantially parallel to one another in a first plane on or in
the substrate and the second pair of electrically conductive traces extend substantially
parallel to one another in a second plane on or in the substrate, the second plane being

oriented substantially parallel to the first plane and separated therefrom by a distance.

3. The electronic device of claim 1, wherein the distance separating the
first interconnecting member from the second interconnecting member is less than

about 30 microns.

4. The electronic device of claim 1, wherein the second interconnecting

member at least partially surrounds the first interconnecting member.



the substrate and the second pair of electrically conductive traces extend
substantially 25 parallel to one another in a second plane on or in the

substrate, the second plane being oriented substantially parallel to the

first plane and separated therefrom by a distance. 3. The electronic device

of claim 1, wherein the distance separatingpthe first interconnecting

member from the second interconnecting member is less than 30 about

30 microns. 4. The electronic device of claim 1, wherein the second
interconnecting Temlkerrabiedstpanibdnisudowhesihnetfiesst a portion of the second
ntereonnecling member, :22,3.The electionicdeviceof daimed wherele,

at leasta portlorgg}t e second In rconnectslng member compfe%egy '
surrounds the first interconnecting member. 5 6. The electronic device of

claim 4. wherein he Jyst iniercpnecting, MemBsLnas ALAIGW crconnccin
substantially cylin fical's ape having an inner diameter, and wherein the &
secoebntdrconheldtwgubstmier lyay hrsibostahtipyhayilindricalrshaipeneter, and
having an guter diameter, the second interconnecti ember hei

o R UMD SRR shape
devViced aeiutd, dartietercdmpeiging mdiclouteadimateeiabatibpogetisposed within the

bettw J[erglt{ first ip}lerconnlgzcting member and the second interconnecting
t S i : . )
mer%%elr. é%%ﬁé &lectronic device of claim 7, wherein the dielectric

10 material comprises a polymer material. 9. The electronic device of claim
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7, further gomprisi itignal . dielectri 1al di b . .
the condu?:'tive trz‘kgﬁégse?ézf%?ﬁ f£|r((:is*,%\;p’)igt?rQ)an‘é‘(%l m@(ﬁ} c%{r% gé%?\}g&téﬁggeiagqt%%w material
secspbpaihatvecanl titidal disisomitatiagnwnebdibitthdhasadienscmicrconnecting
co?ﬁéﬁm&hat is greater than a dielectric constant exhibited by the

dielectric material disposed between the first interconnecting member and

the second interconnecting member. 25 10. The electronic device of

claim 7, wherein-Hje giglectrc E@@fﬁé '?f ERpHS ﬁ&’&l?ﬁl@%ﬁ?éﬁf%ﬁj@&al
provides a capacitance between the first interconnecting member and the
secomphitesreqmipewngnatenaber that substantially matches a capacitance
between the electrically conductive traces of the first pair and a
capacitance

9. The electronic device of claim 7, further comprising an additional

dielectric material disposed between the conductive traces of the first pair and the
conductive traces of the second pair, the additional dielectric material exhibiting a
dielectric constant that is greater than a dielectric constant exhibited by the dielectric
material disposed between the first interconnecting member and the second

interconnecting member.

10. The electronic device of claim 7, wherein the dielectric material exhibits
a dielectric constant that provides a capacitance between the first interconnecting
member and the second interconnecting member that substantially matches a
capacitance between the electrically conductive traces of the first pair and a capacitance

between the electrically conductive traces of the second pair.
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between the electrically conductive traces of the second pair. 30 - 23 11.

An electronic device assembly comprising: an electrically conductive

structure on or in a substrate, the structure comprising: a first pair of

electrically conductive traces extending substantially parallel to one

another in a first plane; 5 a second pair afxglectrically conductive traces
extendingﬁubstalgti%llé/ rgr?(lzlﬁletvqceogs% artnnt())lthg(r) in %sslgc_ond plane; an

electrically cond(Etive firstinterconnec ing thember eﬁénding between
andneliectrically cominutivicatingfwritioranrend editss fingt, trae etofcthee fixshpeiing:

and an endiof & firstiraee ol fie second pair and. 10 ap.eleaitiealliuy paratict o
conductive secon |nterconnec¥|ng member extending between an

electrically comnounnigadihgnanth Arstepldnef a second trace of the first pair

and an end of a second.trace .of the second pair, the second .
terconnacorgt B D O P e RS pubstanciaty paraie o
interconnecting mebethdSmaraasndpitagedevice configured to transmit a
differentia) signg {rpua. he. slestisally. candustive SIURIE: MSin hetween and
dlﬁerentla?&gnafapp ied between the conductive fraces of the first 6a|r,
between the firstelletércad pectimyuneather with theseodndirvtencooh duotifigst pair
member, and bejyegp (g cpnohiive Iapes.QLingFagang,pain and 20 a
receiving device con |gure(§) to receive the ditferential sighal transmitted by

the transmittlegtdeslipeca@luThecslanindrivaevive @ssemiiybof ekadmdin between
wherein the secq IS;; orient iajly. parajle} to fi .
plane and separg%gﬂﬁgﬁeéf%ol é§§1 gl }iitgag)ﬁé?}g%ﬂﬁg%rlﬁegefttietszgraogﬁli%%ecveigef the first
assembly of clairairiandlhereid ef distanod tsspadatiegehenfirpair, the second
interconnecting r inter t] S ¢
cubstantally sou s o o Saer e T TISHIng 4 i
conductive tracegtairdrndisneeséperating the second pair of

e'eéi‘t%?ﬂ}{l&%d&f&ﬂ‘ég é@&ﬁtﬁlrg&) to transmit a differential signal through the electrically

conductive structure, the differential signal applied between the conductive
traces of the first pair, between the first interconnecting member and the second
interconnecting member, and between the conductive traces of the second pair;
and

a receiving device configured to receive the differential signal transmitted by the

transmitting device.

12. The electronic device assembly of claim 11, wherein the second plane is

oriented substantially parallel to the first plane and separated therefrom by a distance.

13. The electronic device assembly of claim 11, wherein a distance
separating the first interconnecting member from the second interconnecting member is
substantially equal to a distance separating the first pair of electrically conductive traces

and a distance separating the second pair of electrically conductive traces.
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-24- 14. The electronic device assembly of claim 13, wherein the first
interconnecting member has a hollow substantially cylindrical shape
having an inner diameter, and wherein the second interconnecting
member has a substantially cylindrical shape having an outer diameter,
the second interconnecting member being% disposed within the first
'”terconf‘iﬁt.'”g r&‘ﬁé“éig&r&?cg Siance between e ujer dfﬁ‘%@ﬁf ok e
second interconnecting member and the Inmer diameter of the firs
intencamomatrnio gnamberriamng sy bstanttatyneglglcidithiei castdiape having an inner
se ratineqf the elﬁctricatl cond cti\{e traces of the firgt air and the .

_‘diamet and\{v erﬁ%n seicon n erco&mectmg{ member has a su st%ntlallry
distance séparating the electrically conductivetraces of the second palir:
10 @Binfnie 2 Igctperiieviley e crssedibhe i clbénsetSndvingreiontive tohigtargsber being
separaling Dedrstnierconnecting member oM e Seeond ween the outer
interconnecting member is Tess than abou microns. . The
eledtnonicdelibe essehbiteiwbolaion id mehdeianthérfinspaitiaheter of the first
elect{icalll¥ conductive lrages ext ngs En first ireqﬂora.ir} the first pl ne

CIConnec ]ﬁlg membfg CIH%FU stan 1aﬁ|l§// e%ua to Ihe distance se{)a %ﬁnﬁ]’the

and wherein th€ second pair of electricalty conductive traces extends in a
sectedrdindgtiomdundhec secendf pharfe;stipaiseodribedirsiotion depimgtimgeheedectrically
at an n%ggavretlr%tégse (;[ft%’ esélgg}l ddé,r‘ﬁﬁthn' 20 1.7. The; electro_nlc qlewce
assem qy of claim 11, further comprising a dielectric material disposed
between the first interconnecting member and the second interconnecting
member. 35 18. The SIeGlANGARCR AR YOI AT L NSHRIM e
dielectric material comprises a polymer material. 19. The electronic
devippasoertisfioft ¢ digioateg enenie disdecthc sesatelialosmmdsasgmember is
epeXY g‘fa% -lbsaosglqc %Eerial. 30 -25- 20. The electronic device
assembly of claim 17, wherein the dielectric material exhibits a dielectric

constant that provides a capacitance between the first interconnecting

member apd the-sgcaad 1B RINEANS ML AP RN R KR! pair of

electrically conductive traces extends in a first direction in the first plane, and wherein
the second pair of electrically conductive traces extends in a second direction in the
second plane, the second direction being oriented at an angle relative to the first

direction.

17. The electronic device assembly of claim 11, further comprising a
dielectric material disposed between the first interconnecting member and the second

interconnecting member.

18. The electronic device assembly of claim 17, wherein the dielectric

material comprises a polymer material.

19. The electronic device assembly of claim 18, wherein the dielectric

material comprises an epoxy or epoxy-based material.
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a capacitance between the electrically conductive traces of the first pair
and a 5 capacitance between the electrically conductive traces of the
second pair. 21. The electronic device assembly of claim 11, wherein the
transmitting device and the receiving device each comprise one of a
microprocessor device and a memory deyie. 10 22. The electronic
device assembly.of claim 11, wherein the transmitting, device is . .
configureg QO app yezf %gf{gggﬁ%f;gnaggeo Hglsg tﬁighngilag’u‘? nglél\%‘ftglelecmc
betwvater atleeetettrichdle aorduatien titheeprof tihes firsipaitabatwesvethahe first
electrically conductive, traces of the second pair, and between the first
s e P D O e iy cawat o
A metipadi ohfairicatag te electioniy denvitetagsentbb/ofecfiethpdr and a
comprising: providing a substantially plapar.substrate having at least one
o B B e P e R PR B ooy
conductive traces extending substantially parallel to one another on or in
the substrgfe anc}a secand pair of electric 1I {;opducfilve fraces -

: . it h
extending Substar Ty parATe o ot AnOITeF o OF i he St b pg1ine
fordting aandlgutriecdly iogntvoteveafinstantproe mmectingmmanivecaxtenidiige and a
thr%nggotrhede%tié?ast one hole and electrically communicating with an end
of a first trace of the first pair and an end of a first trace of the second
pair; and forming an electrically conductive second interconnecting
member .%?”d"l‘%ﬁ*é'i%% i?&&&'@%&%%é@f&%%ﬁ[}% PICGHERAY the fransmitting
communicating with an end of a Secon race of the first pair and an
endofiec secontgvaktofapidysevoHdgeal i ftrentiesoinessdbamektnigthmenyiois between
beipg é%%&fé‘éﬁ %%‘HHJQR(?‘?I%%EQdPEﬁE%&Pg&H?gemEémgé Qfé&r%?'d%f EShductive
that Is substantially equal to a distance separating the -26- electrica
cortthgetivé thasesoofithafirstdlatiaemh thdibtahdesepareting thember and the second

eleﬁ}{'g%%ggﬁlqg{gﬁg{%g@ces of the second pair. 24. The method of claim

23, wherein providing a substantially planar 5 substrate having at least
one hole extending therethrough comprises:

23. A method of fabricating an electronic device assembly, the method

comprising:

providing a substantially planar substrate having at least one hole extending
therethrough;

forming at least a first pair of electrically conductive traces extending substantially
parallel to one another on or in the substrate and a second pair of electrically
conductive traces extending substantially parallel to one another on or in the
substrate;

forming an electrically conductive first interconnecting member extending through the
at least one hole and electrically communicating with an end of a first trace of
the first pair and an end of a first trace of the second pair; and

forming an electrically conductive second interconnecting member extending through
the at least one hole and electrically communicating with an end of a second
trace of the first pair and an end of a second trace of the second pair, the first
interconnecting member being separated from the second interconnecting

member by a distance that is substantially equal to a distance separating the



providing a substantially planar substrate; and forming the at least one
hole through the substrate. 25. The method of claim 24, wherein forming
the at least one hole through 10 the substrate comprises forming at least
one substantially cylindrical hole through the substrate. 26. The method
of claim 23, wherein forming an electricallygonductive first
interconnegting member somprises.deneiting 2 layer of fAAUCIYE, - ing he
material on I exp sed‘stirtaces o the Stiostrate withifd fhe Gt feadtone ©
hole. 27. thetmeitty donflotaine 26.c8ardi érecommprisipragr providing a layer of
dielectric material on exposed surfaces of the layer of conductive material
within the at least one hole. 20 28. The method of claim 27, wherein
forming aB4lectflielnabodwitilans@dondiénier poovidoting sulesvalpenlly planar
comprises depositing conductive material on exposed surfaces of the
5 oy ST e e A e PR TR ERRSHh ABRERS echoc

of ¢plaimd2&g fuvtieraooablyrigimgur rerpovdtey @nflrst portion of the first
interconneling member adiegent ot Mpigy gurface of the substrate to
create a first void; and removing asecond portion of the first
interconnecting member adjacent a second major surface of the substrate
o create %Fs.eco YOIde3q #1130 5{‘%%%“1990%%6"%2% IWREHOhole through
forming at least a first pair of electrica ly conductive traces extending

10 subtstaipatiptparcatiptiteofvenaingthicleast ondrsuhetastindiraydindrical Sebotidough the
paigu%fsglqurically conductive traces extending substantially parallel to
one another on or in the substrate comprises: 5 forming at least a first pair
of electrically conductive traces on a first major surface of the substrate, a
conductivadrace gl fi3h BRI AP IEL R FORRNTIM R URESR AR ive firs
through the first void to an end of the second interconnecting member
adjaderptinedirsg majobaurtaaer s difpaviig at leastod surbied yrainaérial on

15 Slegiically GRRANCNSIAGES 0.3 SRR MAL K Sheface of the

substrate, a conductive trace of the second pair of electrically

217. The method of claim 26, further comprising providing a layer of
dielectric material on exposed surfaces of the layer of conductive material within the at

least one hole.

20
28. The method of claim 27, wherein forming an electrically conductive
second interconnecting member comprises depositing conductive material on exposed
surfaces of the layer of dielectric material within the at least one hole.
25 29. The method of claim 28, further comprising:

removing a first portion of the first interconnecting member adjacent a first major
surface of the substrate to create a first void; and

removing a second portion of the first interconnecting member adjacent a second major
surface of the substrate to create a second void.

30
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conductive traces extending through the second void to an end of the

second interconnecting member adjacent the second major surface. 31.

The method of claim 23, further comprising: 15 providing a transmitting

device configured to apply a differential signal between the conductive

traces of the first pair, between the first interconnecting member and the
second '”%(?j{co.mﬁ%%“r% ([RADPEAndopehuecn e %%”dacﬁéh"s? Rces ot of

the second pair; providing a receiving’device conﬁlglguge 6releive e
diffeleenticd Ibygrmldapplie drine ta t @0l imarssinitsing He vioea] lahth estaitisthiergon or in the
elecliical. communication beteendne frAnsmIting deviee And S, cupstandially
receiving dévice rouglli)%e conductive traces of the first pair, he& first
intgrcolelecting mernthise oand ih éhesobsidainterocgmsesting member, and the

Co?d‘%ﬁ}}’%e "aces ofie %Stf?%‘i‘eE&iEaﬁl?( e%%taéc%v’é.{fa%%*é%% %fﬁjr%?}ﬂa“@ surface of
an electrical device assembly comprising a transmitting device configure

to transmitha siffetretttial Gigded tivcatraceiwiry desipeirthEelewtivatly conductive traces
comprising; iy Yﬁdi’t}?rgusi?ﬁ”ﬁtr%a}’&”t% 3k lsastepe hols endingaling member
least partially t erethro ; 5 'se ec(t)lng a conductive path extending from

a first locatigarehis posbcsinmajplanefare oaid the substrate to a second

06 (;Ir%n%gl?e?éaesg 41 ér?&gé‘g.é’%%%%@f&%[ ARG SO AR B IS RN G Wor

of the cofductive path extending throug the at least one ho €;
configuringreffasvptie onlsigateicatignct vetive¢reicds to@uadpdir of electrically
S“bSta”“ac'bﬁ&’%ff?U@ 'u%%é%ﬁ@ﬁa"f‘ﬁ‘ O_IHPJu%lﬂEe}%Q %888%18%'8{‘5

. %fdtQF t}Fe second
conductive pat rom the first location tot ole and a secon pair o

electricallynéonduativie g avastier ediesnt substantidiyaperr slighes.one
another along a third portion of the conductive path from the second
location to the hole, the conductive traces of the first pair being separated
from one dhothell by malistditslaive Ldridubtivearspasing:the second 15

Paif Rt SRR 8@1&%%5%6#8}1 1Ba ﬁ%”&?fe?%ﬁ‘%%ﬂe%ﬁ{ eﬁoetween the

conductive first interconnecting member to extend throug and
communicareleidiorivalgswitithardienpof.déirscermte ot shenfirsopagcting mamber and

end the second interconnecting member, and between the conductive traces of the

second pair;

providing a receiving device configured to receive the differential signal applied by the
transmitting device; and

establishing electrical communication between the transmitting device and the
receiving device through the conductive traces of the first pair, the first
interconnecting member and the second interconnecting member, and the

conductive traces of the second pair.



of a first trace of the second pair; and configuring a conductive second
interconnecting member to extend through the hole 20 and communicate
electrically with an end of a second trace of the first pair and an end of a
second trace of the second pair, the first interconnecting member being
separated from the second interconnectinggnember by a distance that is
substantie;} equal to the,distance separating the conductive traces of the

frst pair o o BRONO SAe L A L de s by S e
fromaommifharether catBigdBedlfoa rmethach df fftaem 3P simivdrein receiving device, the
confi&%i(rf% a consguc.tive first interconnecting member comprises

con |gur|ng(%ﬁlé) ]ﬁrs?%hterconnecting member to have a substantially
cylprdrichhghab dianintam o otéeadiameter candendiegeinlceonfigtiaiy gherethrough;
condiietiye secandniercapneeting.member smprises coniguring a8 on or in
second interconnecting member to rave a hollow substantially cylindrica

shape haviregubstiaiedp diacnetdr|dtwifinsdisgesed mme stingnchphmizeribeing the
disposed within the second intercepnecti embey, the distance

petesn Ty SISt A S B e e LAt e A48 Wil e o eas
inner dianeeteh@éthe second interconnecting member being substantially
eq%?h%?géﬂﬁl%?ﬁ%%%g?@ e er:?éclzrt]gc%?%%loer%”ggu t(fggedslﬁgtggc etlg i s(t)gnjtl(z)all%/ parallel

the firstpair ISstance separating the electrically conductive trace

10 of the seconehepainti3. aitregrmethondgiaiaim E3hevbardiative plidtdnwe the first
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se paratin%%}%ﬁﬁ% { E%Sfé”&h%c& Q&%@Eﬁ%?gﬁ%&%% ?aﬁ/::g&%uc%\ée traces to extend

interconnecting member IS configure sst about

microns. 38bJhetiaibtipethbélclaivna2ditheloogmphisihposetectingaconductive path
dielectric ial ' irsk.l cli . oy
mombor AL iine L AERASE L IREHRE e R U RAPETPhe frs pair being
claim 35, seheraigdedaring andibladtyio Msttnial thorymdvet wetasinglahe second
dielectric f Je] ielectri t& ovides a
capacitang?{)%%%ggf%ﬁét#?s?ﬁ%ﬁ%rﬁggﬁyggﬁgmﬁlgggg% the second

int@mﬁmmmg cmm@piubsiammm@r@@g tpeambapacﬁam_é Beonel ththeole and
elecmca"}éo(iﬁﬂgﬁﬁ%ﬁfg Hager 4 _Q’&iﬁle&llfll @{(f:%:aé%ﬂgtﬁggeo@ﬂfﬁrﬁ%t pair and an end

between the electrically conductive traces o
of a first trace of the second pair; and

configuring a conductive second interconnecting member to extend through the hole
and communicate electrically with an end of a second trace of the first pair and
an end of a second trace of the second pair, the first interconnecting member
being separated from the second interconnecting member by a distance that is
substantially equal to the distance separating the conductive traces of the first
pair from one another and the conductive traces of the second pair from one

another.
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second pair. 37. The method of claim 32, further comprising configuring a
transmitting device to communicate electrically with a receiving device
through the conductive 30 traces of the first pair, the first interconnecting
member, the second interconnecting member, and the conductive traces
of the second pair. -29.

33. The method of claim 32, wherein configuring a conductive first
interconnecting member comprises configuring the first interconnecting member to
have a substantially cylindrical shape having an outer diameter, and wherein
configuring a conductive second interconnecting member comprises configuring the
second interconnecting member to have a hollow substantially cylindrical shape having
an inner diameter, the first interconnecting member being disposed within the second
interconnecting member, the distance between the outer diameter of the first
interconnecting member and the inner diameter of the second interconnecting member
being substantially equal to the distance separating the electrically conductive traces of
the first pair and the distance separating the electrically conductive traces of the second

pair.

34, The method of claim 33, wherein the distance separating the first
interconnecting member from the second interconnecting member is configured to be

less than about 30 microns.

35. The method of claim 32, further comprising selecting a dielectric
material to be disposed between the first interconnecting member and the second

interconnecting member.

36. The method of claim 35, wherein selecting a dielectric material
comprises selecting a dielectric material that exhibits a dielectric constant that provides
a capacitance between the first interconnecting member and the second interconnecting
member substantially equal to a capacitance between the electrically conductive traces
of the first pair and a capacitance between the electrically conductive traces of the

second pair.

37.  The method of claim 32, further comprising configuring a transmitting
device to communicate electrically with a receiving device through the conductive
traces of the first pair, the first interconnecting member, the second interconnecting

member, and the conductive traces of the second pair.



