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TRI AD CONFI GURATI ON FOR PRI NTED Cl RCUI T BOARDS Background of The Invention
The present invention relates generally to circuit board arrangenents, and
nore parti via arrangenents that are used on | I rcuit
boards for vﬁ#‘%@%@%giﬁg el ectrical ‘transm ssion applicat Fgﬁ@ggq%gm@ﬁgg field of
data communi cati on, data transfer speeds have steadily increased over the 5
years. This increase in speed has required the devel opnent of high-speed

el ectroni c conponents for use in the tel ecomunications field, such as
Internet use and use in data transfer and storage applications. In order to
obtain an increase PREFERENYER XTABNITHTERECTURES WHIFTHER{ABre transmtted,
it is known to use diGONFEGRURATION KR PRINTEDOIREUIT ROARDSr e conmonl y
used to transmt differential signals and are nost 10 commonly used in

el ectri caBagabbiifil of MRSAvEitihRal cabl es have one or nore tw sted pairs of
wires that are tw sted together al on? the length of the cable, with each
such twi sted pHiePresentigventipe relatescaenerglinie cireuibboad agargrHeMsiangd most el d. These
tw sted pajs L cal bsifiat aFONERY | - Sk l1f: | ;.pone
w re of tﬁgﬁ %&ﬁé’ﬁggﬁpﬁ?éﬁk tg%ttr ry a&&}rl. t{% ltr&gtigjg%lgf \,ﬂ?r %\#ﬁge‘% ﬂg&%%afger
wi re of thastwasehapplpationswi |1 carry a -1.0 volt signal. The wire pairs are

twi sted 15 togethe I t he axi s, of e cabl e t hat ch of the wires
extends in a Iﬂ?ec%qlgﬁg‘?‘\%a %1“8?1'@"’?“3‘8”’ d@L?BF S%ﬁ?PeF‘?fg’a\Xﬁ’ nggd?ﬁﬂlécrgaag%@&r ﬁqﬁart

f r omseac hyeath Gthistiigre e WespdbS hansquirRl el dbsmaR b Rizh-spaliRldRbnic thfpdRAgt h of
the cable. As the signal cables are routed on a path to an electronic

devi ce, tfeyseinghesgleeompurieatioanficldsuplpes lajemet psrfng vgeoin datadrannfer ansiitaragehei r
own el ectri ' [ q e

el ect romaa{ r?g%%tfgﬁ%'glpé)r&g?(g?\lgg}{ia%%{Q‘:ﬁ%@%’lﬁ%{%ﬁg@%ﬁ+@r{§§8 g?’ﬁéﬁgE%% t he signal
cabl es. trimamiteed, it isHeotwits teedlifieentiat eigstly. uct i on of the cabl es mnim zes or

di m ni shes any_indyced _.electrical, fields b jptai.nin he two wires in a
desired ori _ent%‘Y‘F'BEP%‘Bw_t‘rﬁ%?retcwowylulse @éﬁ‘ﬁé’ﬁ\f@f‘?t‘g'&%ag ang de ot her and
t0 30 assQmémtut Oy BdiNal ShHIS, drhese il fablks héve EH3Gr hidkStwiReNSifsWEWiRE

t hereby substantially prevents el ectronagnetic interference fromoccurring

i n the 25thatast tvisteditogetheralongghe lgagth ohhewhlde.ivith epch gephdwistedmairdeingr ough t he
cable. In_or L nt.ai n L gal [ i ri fromsuch a
transm ssﬁmglﬁ ?‘irl R%Qr{ %gé%éetgd o Pﬁ'll:aﬁﬁ £rh§/e§¢gf Tlge%é é’g}gtg@i}%?seﬁﬂéﬁ i ére\c{)‘ﬁal c device, it

I s desi r adungplinentabyt sijial soleaghs t.anbneabirgofthaististad pait Wilbeharyaer Lhvaughayt t he
transmssion line, fro irc_uieé to cﬂrcuit %nd to avoLd large -1 WO
2005/ 0815@@1WP§]§2‘@@3P 9 figated pair will carry a -1.0 volt signal. The wire pairs are twisted

15 together along the axis of the cable so that each of the wires extends in a helical path along the

cable and the wires are spaced apart from each other the same distance along this helical path for
the length of the cable. '
As the signal cables are routed on a path to an electronic device, they may pass by or near
other electronic devices that emit their own electric field. These devices have the potential to
20 create clectromagnetic interference in the transmission lines formed by the signal cables,
However, the twisted pair construction of the cables minimizes or diminishes any induced -
electrical fields by maintaining the two wires in a desired orientation so that they will
capacitively couple to each other and to an associated grounding shield or drain wire, and this
construction thereby substantially prevents electrbmagnetic interference from occurring in the
25 cable and affecting the transmission of data signals through the cable.
In order to maintain electrical performance integrity from such a transmission line to the
circuitry of an associated electronic device, it is desirable to obtain a substantially constant

impedance throughout the transmission line, from circuit to circuit and to avoid large
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di scontinuities in the inpedance of the transm ssion |line. Large .
discontinuties in the inpedance of the transmssion line can lead to the
generation of undesireable crosstal k between the signal paths of the

transm ssi g sosis159s €l ecrical "noise". Both this type Ph,@gﬁggoﬂqﬂg
crosstal k adversely affect the integrity of electrically transmtted

signal s at high frequencies (or data 5 transfer speeds). The "transm ssion

i ne" betvyeen .el ectronic devices, not onl i.ncl ydes cabl es . an conn ctors
that i nt ef ComBREeR fiheiepeiance poge frpmsq ing) Lo diseopiaatiosis ce
circuit OB denstfisstondind@un Ra&to the geﬂefﬁﬁﬁﬂ aﬂﬁrﬁlegfeablwl cBdsSidlkitRtwech 'ﬂﬁrﬁﬁi‘aﬁ sion
cables may be controll ed because it is ea?jéE - maintain a specific geonetry

or physi ceatheefithaigasmirsiopfing peelaqrigainoien derth Biistyapaf naiee agd stasetalkg 10

shield, a ere a
cable is %%@qwgﬁ%@% Weiemgfé o ﬁm@%ﬁ%@ﬂ@gr rm‘é}ir%:fi g gd%{@prl nt ed
circadit bﬂﬂfsﬂarapsﬁédsbhﬁhe“ﬂrdmmnmnéme’bbetwsen eﬂnntmﬂxede\hoesamcbmlp irictudeoeabtés Thi s

| ast area is referred to in the art . as wher e S|gnals are
| aunched FRIHET aHes8nts s TRisS IpepBe. bAON aclBAes G BOGLHESH ot o o
connect or hopTRdiel ey et 0. Li kewi se, the signals may be | aunched fromthe

connector into the circuit 15 board and this area is commonly also referred
to as an "exi t Thedmpedanyhefiwisedneir teansmiskien szézhs npanbe qusmlhd\b@@ﬁff it évaasit tot er ns

dependi ng el I | th from
t he ci rcu]fn?i{a E)atgg%(s)p lg%e c% n@@? S'olglzhor &iére%rﬁl tH tﬁehS? %u‘:tﬁ afl%th or“%ﬂ’ing
boarid. Thehigld ea&mpedahwﬁiahg'mﬂli ﬁuﬂlyfdﬁcﬁlﬁﬂieréd)nltlﬁmea/ﬁﬁershltalﬂé isnwemad I n

t hese ci rCU|t boa d | aunch or _exit %%eas Crcuit boards are nmade u

mul tipl e wherg theroansels ismaumehostintedcrevibheasd pad where thegange oagﬁer may
be consi dﬁaﬁﬂe@@ adé?rfchl'?b&gd O'Tﬁlsq’afst b LsirPeRedban B a0 astie: wnmuar&auhmw A

nonconductive | ayer may be used as a base of the circuit board and a surface
or sur f acsignaldare bwhcheddpmiybe tr@laﬁrrewm lirigs an (o Amube ¢ivcuitibaardrintala couatoas a

copper fojl | afi Por t.i ons ar.e ved to, for ondu tive
extents ofi® Fﬁ%d tglﬁﬁoaggge%?e ihﬁ’es \?\ﬁ?sl% c}éeldé%ﬂng}eccgﬂeﬁmf é“ft YL in the
art 13s "t beue®snd thitheass édnafedy dleé rdfawal tb @dlart “eﬁﬁ’f §%a.0Thdsb ereRoat thehasebhayer .

A subsequent 25 nonconductive | ayer is then applied onto the surfaces of the

base | ayefanbryeifbren ferps derredingon therrientagjon andirsetieniok the tigral Pathysitherand
etched i “Frgm"i‘he"&}chﬁwardﬁ) Ehg'cB eBP 606 Gilel BfndcRY &S gab%nr@tﬁf’é \i)‘?tfseﬁth' S
second conductive |l ayer an e process Is repeated unti mul ti-1ayer
circuit bimaerdionss difeotedwalimpFhecdditrifteres nseddo Hesrctitoui bbasidalmcholeexntwmasal |y
connect ed toget.her .by what hol e

e P eyt g Bkl S 0 i e B Rliui atd BncpadicliVnaedd o

i s ploat edgachiyer Rlapbé Hithsidoied as QEREEE SneldTenuttiilé PldfesOT MG LY Bodrdy AT S. The
traces on the circuit board may lead to a via |l ocation when it is desired

t o connechoncprductivedayer maybe mwegd asadagecof thegriepit hpgrd and p surfgca ar spsfpoggiteasedfe used

Lo_recel Ve, e auAR- Al Lok Ml SucRes PLSHE: BRYPLIAT:. Pl 492481596

removed to form conductive extents on the surfaces of the board which are typically referred to
in the art as “traces”, These traces define circuit paths on the board base layer. A subsequent
25 nonconductive layer is then applied onto the surfaces of the base layer and another conductive
coating is applied to that layer and etched into a pattern. A third nonconductive layer is applied
over this second conductive layer and the process is repeated until a multi-layer circuit board is
formed. The different conductive layers are typically connected together by what are known in
the art as “vias”. A via is a hole that is drilled through the circuit board and the inner surface of
30 which is plated. This plating interconnects the various conductive layers. The traces on the
circuit board may lead to a via location when it is desired to connect the traces to other traces.

Similarly, the vias may also be used to receive through-hole mounting pins or other mounting
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pi ns of connectors. Pairs of traces may be formed in a circuit board | ayer
to carry a pair of differential signals and each pair will define a
differential signal transmission line of the circuit board. Each circuit
board | ayey, ale, may support one or nore such diff éﬁ@#"fi | signal

. 7Y FW02005/08 o ! .
transm ssi on |3?1Hes. It is 5 inportant to control the m%é 8@’08?46?%%
transm ssion lines to mnimze crosstalk and electrical interference during

operation of the devices w thout unduly conplicating the circuit - board
desi gn aringafeomiectotfi-t | ayouts on the circuit board. The present invention

is therefore & i ! i Ll Lzl i by o rd
vias and exi tgja{)r?&f:tong%%ta ?\ggh{n?lg%glsﬂ?%gﬁqbgﬁgh&ggg %@hﬁ%ggfa@g%ﬁ#é%lﬁlgg% i ne
an el ect rand ahchlf@irsvi Wafing 2 differans gli sigmal tramemission finoof tHe ciacufiti teplard. eRoeh cioduit
oper at i onal dﬂerforﬂance and whi ch nai nt ai.n ed electrjcal

... L he desi ]
ard aver SLEJane, meY SHpport AnE SRRE D iffereatislsgpal EmsmsOn iRy Itis

char act er{°
transm ssSiBrtdrt RESontrSHIBRhYedahicd dfehs M i RIdnAREPloThiFhive clobstalk add gener al
obj ect of the present invention to provide a circuit board 15 structure for

use in hidgsiriggbiaterisregemduringopsistien pidhe dpviges witheutynduly goppleating themirewit ded f or

a differ Q{J&Ligﬁmkc@ﬁgﬁ%lﬁé&f’ﬂck ‘gﬁb%ﬁrdt he circuit board and is

positioned in a-p ren ocatrTon with respect to where the
di fferential 9gihgpsdsertimeatorcianinesforetdirected/ioan aveuit beard idesigt, utiligiag dircusto t hat

each differential ,sign trace and i.its correspondin i air engages in
el ot 1| c A0 xR rE s Fefen BOPAEH P BhePr e et By g RRier ent | a
si gnel tramarkmeinfSioh 1iRE, to YRVIdR 418 dﬂoFf@perﬁQanfpe?foHﬁdrfce 9hd GRRE H&ﬁdt%égs

traces and vias. Another general object of the present invention is

provi de dhe daspedeleairies] characteristios, quchas thegmpedenteofithe eircuitihoardaigniabjur at i on of a
pair of ¢o .V ifferential signal traces leading to or away froma via
IS speci %aggrﬁﬁélo%ﬁ%% gured to control the inpedance of the conductive traces
that nake up a differential signal transmi ssion line on the circuit board.
25 Anot her object of the present invention is to provide a printed circuit
board str f nvealdolhe ysed as either a "launch" or an "exit" area for
mating with elgel GoRiCitGONBGRA bject DY 2 prédentGhRhliod ©HroR@OREE M bhard N WHi Ch
the structures incf}%&gla pair ofﬁjg?ffer rrlti al \ge?gnaﬁaﬂir?aces mat e%’arto

t hr ddigh hsthetureifasuse i high spded signt! thhosmidsiomwticreinergeoundiplanetis powsleh fre a
particul afstructure in the rea where.they exit fromig.he vias as to
BT ect 1 U TR eafringon i< R i o ot 9 B BSRRler - b ect
of the priesesh withy&pedt @whéreltife differént(he siginal itrldids QuMbcLioraGhd én @& rbuit board
constructi on wherein atgfa_i r of differential signal vias are positioned
proxi mat eothat gachilfsential @ignal tracq and\iis comesppritings 08 PEETAAES0D Sleotisalryupling

with the ground rather than with a nearby differential signal transmission line, which is made up

Om

20 of a pair of conductive traces and vias.

Another general object of the present invention is to provide an improvéd circuit board
structure in which the configuration of a pair of conductive differential signal traces leading to or
away from a via is specifically configured to control the impedance of the conductive traces that
make up a differential signal transmission line on the circuit board.

25 Another object of the present invention is to provide a printed circuit board structure that
may be used as either a “launch” or an “exit” area for mating with electronic components, such
as electrical connectors, in which the structures include a pair of differential signal traces mated
to through hole vias in the circuit board, and wherein the traces have a particular structure in the
area where they exit from the vias so as to affect the impedance of the differential signal system

30 A further object of the present invention is to provide an improved circuit board

construction wherein a pair of differential signal vias are positioned proximate to an associated
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ground via, the circuit board having at |east one ground plane |ayer forned
therein, and the ground plane having an anti-pad forned therein that
enconpasses the two differential signal vias and which is connected to the
associ at edyghfidjagisyd @ and anot her ground via associ at e¢Mhdshoesatiisner pair
of differential signal vias, and another anti-pad that is positioned

adj acent to the one 5 anti-pad and enconpassi ng a second, adjacent pair of
differential ;sjgnal, vial, but con%ggting a .second ground. via associ at ed

Wi th t he S5 ¥nthe sipyit baardhaving at gast.one groypd plagg layer Togmad thefein, gndile  opj ect

of the PLRMGAplahOENSMG A unkiSpal Foriied hedEin &-apéﬂcsﬁbass&qg& M@ﬁc@reﬁtm@}fgﬂ%&s

pattern tor conductive traces leading froma pair of differential signal

vi as, t handwhich fregonngoted to ithecissagiateg grousdrvir 4nd ageiber grbundrda esspeiatpdwithons of
the trac one. f..gne of .th [ i porti.ons,lving inside of a
bendi ng. Fird e P iR RRfena bl fnd S3HEr - faaiBaBPhor B AR IR, D
trace exkiti-pat Andensorhgasging & scbhd, adjasene paiagtadifferbntilsigasvi] hitcomagingial ar and
consi stent distance fromthe body, of the gsm'_ssi on_|ine which they

. > LI .
define t 8CAGBI9Y] Yip gisogmtie avityihe ?ﬁ'acﬂ’rté’atrr‘ﬁé& rentigl §ign3f vidtn an associ at ed

via. Yet anot §ei , flHeFbiEd: oF ppers&?t?lg)\lenﬂi(ghvigm ﬁl‘agidieﬁ_ctr&ﬁgﬁ&\l& H8h Qﬂ?\p%ﬁt ern

for a pair of 15 conductive cirfcuit board traces exiting a pair o
r espect i paitegi for comduciive trasegleading fram agait of didftrentjalktsigial viag thti dxftgpatternj al si gnal

transm ssion.line on th L rcuit boar each of the traces.including a
conduct | TR e §a05 oF e S Brr@ PR ancEiie Bbs bet & B e BB b vi o,
an BExit peértibhORing@Xdidsliatgnding radidief eelotiRE, duek tradde riiY, 50 fhaf dne@fthe t he
signal transm ssion portion, the exit portion including an increased w dth
por ti on, TRGfeeXiPgRiaNS isasRerAl: Tiagi apart fopyFagh ptBer sigilomand capsiient distaarong an

ext ent Oﬁpgmlhﬁe g(:;dv e tﬁﬂ%gs@gah? iévﬁicg grg:gﬁgﬁ@aqﬁ e JdsRithHerd elof B traces

differenti nal vias an not I ntersect the vias, the exit
port i onsexitsdtamlamassetiatedeisat one change of direction in order to neet with

the signal trgnsmssiqgn lipe. Still yet a further object_ of the.present
nvent fon i s ¥6 43Pt thiec obfie ethoent yARlo s it FGVioh o0 PR BF R ST i gnal via
trage extdndasiveirduitl Boed trh@d cRiBRY 8 paiPfkeifietve differehtidl O@hAl viRGhd tHallislg & 25
plurality of gr_our]éjrwgl ane | ayers, each of the ground plane | ayers having an
ant i - pada diffeeentipksignsbransmissioptling len decciniepib bensd, epefeoidhe frages inslrdngia porti ons
of the pail i i L.anRal b3S StI L er obj ect
of the prg%l{sdgﬁgve%r?ge olﬁcf)grll1 t? !(l)t eglr“%%cfgd %{;I?%cgﬁ c%%g?ddlh{dlg?é%% SJéltt ?{;a@hlg that are
used t o pxtendimiefrendithescotiar pootidreandaermifatiagnircthe sighdl Hanemidsivn pertibm thdexith t he 30
| npedance of thggitransrri ssié)n. ines formed on the circuit board is

cont r ol | BeFtiRYy nsBuing agincigased wigth porgion. fhasienahrayispyssianRprian extending o

di fHeer entdnihwide@it ah RERSof thd\@FcBR Bodr@ iHE REpated bpdrBflom e pdid Jt@iftdredtanr d
traces where the two differential signal traces and the associated ground
trace ar signa viapapdwhichgesowt pirsagtiho Oik.0baggbportions including at least one change

of direction in order to meet with the signal transmission line.
Still yet a further object of the present invention is to provide a circuit board having the
differential signal via trace exit pattern described above, and the circuit board including a
25 plurality of ground plane layers, each of the ground plane layers having an anti-pad, the
perimeter of which encompasses the collar and exit portions of the pair of differential signal
traces.
Yet it is still another object of the present invention to provide circuit board trace
patterns that are used to provide exits or routes out from circuit board vias in which the
30 impedance of the transmission lines formed on the circuit board is controlled by positioning a
ground trace in proximity to a pair of differential signal traces, thereby forming a “triad” of

circuit board traces where the two differential signal traces and the associated ground trace are
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| ocated at apexes of an imaginary triangle. Still a further object of the
present invention is to provide an arrangenent of differential signal
traces and an associ ated ground trace that provide a transm ssion |line path
on or in rint circuit board that pronotes capaC|t|ve coupl i ng anmong

t he di ffe%&@og& %ggnal and ground 5 traces to thereby (FT-:{Hﬁﬁ gﬁf@ Hohe

| npedance of the transmssion |line fromtheir exit fromthe circuit board
vias to other destinations on the circuit board. Yet still a further object
of the ploesiedat aperesof pmimaginanyriptdéi de a circuit board conductive trace
arrangenent f a J
conductive wéz;{su Ajﬁﬁhg‘%bz%t % egi#ﬁlgglﬁtﬁ) ng%)tgrpggﬂ &hgga?lg%?@ﬁﬁf]&% iia tl?ql zed to
transm ts@iaetrhafesaad ansagnﬂdted grburiirade tHaepeide altraginisdbn ng math ssor ihlae circuit

board i ncl udj aco ductive ground. Ian Ia er , en|n f ornmed

t herein, P‘%‘H@% Ui PR MBWH% cﬁﬁaqtﬁg "B‘éff °a$%é£fé F’?tﬁ‘?g g‘\?P% and
thes exifracgl fottﬁérEts,ereFmsﬂe WBiipedAcPSf the BhnsBiidsfindRE foRMbER ekiY ﬁoaqhé LR
extending away fromthe vias™ toward each other and being spaced apart from
each ot hqardyyiagie other destiaptiong os thecsireuit heardn| ar ged porti ons subsequent!y
narrow ng do r I, m an 15
"t erveni'ng sosait b ERE b B ok e besed 1A E b e 5 RO T Bt

por t i onstrice afngeireat fof uiehi@anent stwcmré)obsudh thhdies froinsa Iﬁmﬁﬁcd@dtﬁfwé Yies pai r of

Vi as. e i nvent row t hese obje cts, advant.ages and benefits
by way o‘?‘slf %dsmls £ GREEut Qo g?ﬁinwtﬂge‘la"s mitgfectrica [ fgesaft i nvention,
foyp Vi agipaleftifl rsfg\m%qu@ ﬂﬁ cm:ﬁlpwa}d memafng a cxmcate %ﬂaﬁnd/ Y& wiishgnat ed
as differential signal vias and as such I ncl ude con uctlve traces

t hat Iea@eamy'ortrrednhqrhe, thé opepingrentethpassingthie pmrra’édl\ﬁﬁetemml scgnabnataamcalgner of the
circuit bhoard and t e trace efi.ne | fferenti sm ssion

| i ne of ?xﬁt SERY rcdfl‘flu(g%% o L I argefﬁ: n ué’ﬁ?"al rh ‘K’A‘%"G n§%‘”3¥g° 8ﬂ%t ed a
ground Vio8ardaach herSaidbeing hpacediﬁlﬁrtoiﬁim esvh@sthet By an infroenink spaées ARRGRgRI ane,
which is preferably in a plane or layer of the circuit board other than the
pl ane orParbgnssubs§ayRRlY HAerEng dowe focthtongn Pagtions.ealsa sepgraled Somosech pther tanends.
Thgzgro IS t:

opgrsn ngq?%}“rncggl% ﬁ%t%g?ﬁﬁ%l f?Bgrnlglgsn%’asses tﬂ%@“gg?'?ﬂ%?é@”m% lﬁ“férent | a? si gnal
vi as. Thercgitboard whidheis ewtside pf tha pair sf wemnect ed to both of the ground vias.

The four via re arr.anged at the.coners, of an our - S|ded figure,
such as a cs]ﬂ'ﬁrpéese?téﬁ‘feg‘ﬁ&’f Brovwﬁ%%ﬁg'%b‘ictst f’%eé "gﬁg eﬁ& tB’rW $ef erence
pl ane nBitrubRres QhioHe prskigl adpRbt.of e préskntThyenHay, Ford vilsi afe provided@bd & Giecuiitl Ke,

structure. 30 In another principal aspect of the present invention, a new

| aunch, baeardexiwo ofthe vies preidgyignatedag diffrensial signabiag @H%ﬁsﬁgd‘f theninelysigi r of
di Her en 'nﬂx% ik Baas tﬁ’d[t fiad a& n;PﬁQ%'thee(ﬂ fel:gﬁﬁalgféfnﬁl vﬁ)a%%fmﬁ'ﬂr 6d“§iag . ?ﬂ% pair of
ra a ul (6]

con ucti ve ces that exte ane or -T'ayer o eclr ard from
a pair -5rc\£®b@ﬂﬂﬁﬁ@81b§ﬂﬁac5§?ﬂ'dﬂﬂ82ﬂﬁfdrﬁﬁlél4@91al transmission line of the circuit board

layer. The remaining two vias are designated a ground vias and as such, they are connected to a

ground reference plane, which is preferably in a plane or layer of the circuit board other than the
plane or layer in which the differential signal transmission line extends. The ground reference

25 plane is formed in a manner so that it has an opening formed therein that encompasses the pair
of two differential signal vias. The ground reference plane is connected to both of the ground
vias. The four vias are arranged at the comers of an imaginary four-sided figure, such as a
square, rectangle, thombus of the like and the ground reference plane may be solid and planar, or
it may have a grid, or lattice-like, structure,

30 In another principal aspect of the present invention, a new launch, or exit, pattern for
conductive traces leading from a pair of differential signal vias is provided. The exit pattern

includes a pair of conductive traces that extend in a plane or layer of the circuit board from a pair
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of associated vias, preferably a pair of differential signal vias and each
of the traces includes a bend within its launch or exit portion of the
trace. One bend of one of the trace exit portions is disposed inside of a
bendi ng ragpdgs@sisidre other, (and outer) trace exit pomplirRRzge8Mudifat the

- spacing of the pair of trace exit portions fromeach other 1s generally a
simlar and conS|stent di stance 5 froman associated via to the body of the
transn155|on l.in et anot her i nci.pal s ect of t resen |nvention,
L patter At ROPCIHED st Detfersby et o6 e S o apdepeh oo FHees gl

ent er i NQhem Withih it9 favh 8B HEXit pogidh It iRy tide.| Ohe Bn@RRbnd bfthe Ak elxﬁ%maas sto a
differential signal transm ssion |line on the circuit board is provided. Each

of the t dispesed insidelof adending sdingef thgethep [(anshroutes) racsexit partion,foithat (teesspacing
contacts [ rt | on
That - oxt SAIS Tl STRRRHRpifchs sBRtablt okl Bl s IS el sl

si gnial t HaAsa Ssicinted whmmthibed)eoﬂthemsmts&nnhﬂal udes an increased wi dt h
portion, and in one ., enbodi s increased width portlonﬁrgray begi n at

near the cent Y& ARther ringy s“sﬂ‘?cb‘i’?{q ‘T’l%‘ese%‘ﬁ‘f’@}“oéif 2 gattery frpdal of Fanduetivenal
via to theaathakd ik slifhg ﬁo@lent@ﬁ@ﬁlpaﬁ‘ bfres Oﬂélah% difefeRAA SmiY ‘ﬂésrhnd@&tﬂtnﬁon
extends and may traverse at | east one inits path to the signa

t ransm s4$¢ adifferential sighalirasmissiontioe o ﬁuwsulbboaréumm@eddm pfthejrates t o t hat
oftheS| siaon |ine Whi l,n anot

erbod meridenh SRR forfh B RS sl Sl ShPTGeriPediEBheh - () agr
whero Vi e@thef InolidesveitQortionahat@x@hdsefedo e colMirpattidnGint heinPloan eerinatdiat

conductive trace. The, increased w dth, portions alsg a{g‘groach each other in
I

a cl ose disgmabiransmission hinen hoexiiposicn inphdesan ingreased 2adth pion. 49618 PRfs shal |
usual |y tr8¥ehefe fis &aeéged%@h?sﬁgn b@Qﬂagﬁeaf ﬂle(ibﬁt@ﬁihb At ﬁﬁ@ﬁe d;h@el r path
fromtheir vias fOt eS|gn ransm ssion |1 nes epre erre

embodi mereeraff onhdiffeientiaisignahvis etbe othbradjffpential sigsalofia. t Fes mareasedfwidth

ot her . AzodonPoof i B RuRa b R P TR i, ¢ ne

| mpesianc evhefe it thﬁnm&és by RA6THS&dverlinlwiliSo THaf HBHe Sind] Iﬁanmlém lint® ahibh iend
particularly the exit or launch portions thereof may be controlled by

posi ti onFSnl@lnédgr ound trace in proximty to a pair of differential signal
traces. The g p@st | £ £ ticgl» Si gnal
traces, but i fr{l% #éelﬁg(ﬁitlﬁl gyerks&c{ée?@ﬁ"ga@{p?@ﬁ%%h %a%‘g)%ggﬁﬁﬁﬁa?he Hr ee
traces rmghcdneiewe@fmnhabede asﬁ‘dmamrc:gloanoﬂmﬂ tc‘aﬂié pbific of the ud:rtdubws&rtchce Thhes triad

conflguratlon |sdm m sectJo thr 30 the,circuit
boar d, wHFESH AP AR Sry AT i A fbst Sire Rrrcrou SRSt HBund
trage ar eéncrdabdaligth Iﬂim@i@@msu@mlﬂmwefgagt 18 ¥nd bednd & cBangt'ih SirédtibAdlong

arrangenent within the layers of the circuit board pronptes capacitive -6 L
their path from thelr vias to the signal transmission lines. In the preferred embodiments of the

invention these flag portions of the pair of differential signal traces are evenly sized and
symmetrical with each other.
As exemplified in another embodiment of the present invention, the impedance of the
25 transmission lines formed on the circuit board, and particularly the exit or launch portions
thereof may be controlled by positioning a ground trace in proximity to a pair of differential
signal traces. The ground trace is positioned adjacent to the differential signal traces, but in
different layers of the circuit board so that the three traces may be considered as forming a
“triad” of circuit board. This triad configuration is best viewed from an end in a section through
30 the circuit board, where the two differential signal traces and the associated ground trace are
located at apexes of an imaginary triangle.

This triad arrangement within the layers of the circuit board promotes capacitive
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WD 2005/ 051596 PCT/ US2005/ 004469 coupling anong the differential signal and
ground traces. In this manner, the inpedance of the transm ssion |ine may
be regulated fromits exit portions fromthe vias of the circuit board to

ot her destidahlfisOn the circuit board. Such a circui E'CP/%SJUQTI&QMUC“ ve
trace arrangement may further include a conductive 5 groun ane |l ayer with
an openi ng. This openi ng as with. other enbodi nents of the invention,

enconpasses..a alr rentl vi as. .The ound | ane of —one of

the circciph % tﬁ&ﬁ?@ Pﬂasfg”l F@dﬁ‘?ﬁ@gﬁfﬁ i bl S%B‘F?P t he

di ffer en&mimssiogmb nialy 8 eEgulidd fAay &s axit Ib'Urnox&tﬂ‘anthed«he&R@&%d:ir@ﬁlt bdard AL runs

t hrough, and, preferably bisects, the non-conductive opening. This bisector

strip r uptengiestipatian aRgertheatdh or above the transmission |ine portions of
the two 10 digdfghe8thithos WedS: tfﬁi?h ment of
the three tracecs tha{t]l i(3:% arg{lﬂggctﬁe ceg%é?@%ntq e?érfc“{drggccgﬁ%%??eeand their
assdci at gaugd pﬂatmzlaydr mﬁuwtdpemng.s’ﬂus openiﬂgeamﬁlf ahmlaidlmer@m thd ineegisnAar e

routed out fromtheir 00|a ed n Vi as n . eC| UII bgard al ong a
conmon aXICMPRSE A RS ‘?tadsb& 7iiter §}f=’>1?fi 1%§ er%ﬂ'ﬂ’éid’ @ni"ﬂ 58‘1’?‘3’ Q“Qﬂ%s as the
si gnal Viagérs eafli@sdiacemas @k Thybrd shﬁfmﬁﬂg fhle AeFfeRéntiah @ grid] BAGds mAlydaved ARkt e
axis. Two 15 ground exit traces having a relative wde wdih extend (in
pl ane adfligrasedt on i thapging thapeshe and preferablydyisgrts, the sen-egrductiisopewing,) This om t he
round v r e oin
tg oget herbg%d& gﬁ@n]g%@bdﬁ% %g(]:l?'irﬂ gﬁﬂ&%eaﬁd& \rgg@{éldcl)%ﬁc ﬁﬁgdwé{e%?{temp %ﬁhgnﬁghgsj t he

chalge i dlﬂﬁtenmltslgnai vigs; anidmotdrentes adfiad rengeridne pEthe nl&ke Bagnthat atngBisathet hey
nove from.thej.r exit ortlo to the tfranspssion line portions. Along this

extent, ¢ ‘"GB'F*L‘J&%“\}T B&‘fﬁ“‘ SEE%SSH%{%W F9BGi dth that is |arge enough to

pr esent a wi dg af6iRedp&Rt, SREd HedeRfial B?&l\tﬁcé?,'ai-é RLRAuBofi tiedssoi At sign
Preferably, the vmdth of this ground via exit trace extends betvveen the

out er edg@%orbﬂhe eineuit bpiard adpngn ¢oamment axital A painef grownd uaqdﬁ egeged elong thesemnce,

whi ch nma e nl.j ne. These
and ot he%xléo %é‘%lgn atl? u&r ééég%dcg@ﬁﬁd&ep uéstl%s()fct) V%Sgﬁm%@ng "on wi Il be
claarly graﬁndm:ﬁiaraeéﬂmdntghrrelag{m mde@xriﬁhdeuead (in plané ad;lmenf mlth@ymﬁhg)fdm al | ed

descripti.on, Brief Descr.i of the Drawings In the course of th
det ai | edSgab EasasKitHArtiop ﬂ@r PHOd VIS [ Wasd 2 PoER RO PF W RER, etstgnglh\gas, at t ached

dr awi NgSywhdle M §din tdgkfHer dnd! cﬁm?ge%%amt iTfie HirGoR bhdd8 iConsithR HERALs i@ Whi ch
t he present |nvent|on is used 30 nanely, in a backpl ane environnment for

hi gh- spedungd igritectiondortauting, pihe flifferenpipli signal vianws; theynoye feorp their epitan vi ew of

gogg%g 1CI g%@ﬁ%%?ﬂ%g%%éﬁﬁ%@ﬁgﬁl%st r}tlc‘ﬁl\g,th\é Iegf%n 9und 15 eexlltqrace Eas a

20 width that is large enough to present a wide ground element tot he two differential signal vias.

Preferably, the width of this ground via exit trace extends between the outer edges of the
differential signal vias from a preselected distance, which may include the entire length of the
signal transmission line.

These and other objects, features and advantages of the present invention will be clearly

25 understood through a consideration of the following detailed description.

Brief Description of the Drawings

In the course of this detailed description, the reference will be frequently made to the
attached drawings in which:
FIG. 1 is a schematic view of the environment in which the present invention is used,
30 namely, in a backplane environment for high-speed signal and data transfer applications;

FIG. 2 is a plan view of a known circuit board structure with two vias formed therein;
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FIG 3 is a perspective view of a via opening on to the surface of a circuit
board; FIG 3Ais a diagrammatic, detailed view of a known printed circuit
board with a via forned in place in the body of the circuit board and

ext endi ng wa¥RlsRERLY through the circuit board, and t%’[ﬁ(ﬁsrz@ié} BMQj)ard
having multiple ground planes arranged as |ayers within 3

bet ween ot her layers of the circuit board; FIG 4 is a plan view of anot her
known circuit d arran errent for dlfferentl naI applications and
illustrating tﬁ‘ga:{ﬂsfafpﬁs@ﬁ‘i fvg Vieg] of fafia Qpeqine s to SH'I’f enfec 8"§ B"aﬁ‘{el ng

surround by amFiGMNiseissEhingtc, db@ded Viak of&kﬁwmﬁdﬁe&b@uﬁ%&u%thvaﬁwgr ound
pl ane that surrounds pairs of the vias; FIG i's a plan view of yet another

known ci rietmed ipplecelinthe beryeafihe cingeit h°¥%ﬂd/¢>é§1dlf@ qoBD Yﬂh@#@lthe CiEUii | ar to
t hat sh t
surr ound: g it G o R HRCE lboIF AT ' in RIS PREHS N BBE R

non- Sonduetween otieelyert of thg icirenit fvardypen area a dogbone or "dunbbell" shape;
FIG 6is ap pectiye view.of a rCU|t b illustra 5-die pattern
b Cvi o5, that " EGTFBe NEaioy 6F Stetr Ep Hipon SR Are s it A tas P 7«
a plan vigpliQtiok ﬁuﬁmnwodhﬁfé@nm 5ighaonR Brﬂleeﬁahfwa}&ﬁemgls@%ﬁ@d%ﬁ
with the principles of the present invention, |IIustrat|ng preferential
ground armoargednstive arF tat ig formed frea eenductivecroumd pRnathay surtoyn S/\patlm ofithajvibe;
ground pl ane | f [ I arity

pur poses and ﬁﬁ%’csta«%d&t@&so{gﬁttrm%ﬁh%k\r}?ggglg%%{ b%%l' anil%gg rﬁie wnﬁ%voﬁlaﬁenm onal

ar r abgemefoimedfthérbia, dmélar taIﬂ&ﬁs}mwmlWGJ 4)gnd Wherpiaithe @ids df ﬂlfe@zbﬁcﬂﬁltlﬁitws hgaal
vias; 20 FIG erspectlve view of the via arrangenent simlar to that
of FIG 8S“§H‘H}f3i“r£g'§? Had arg Splageed giith .rﬁﬁpe?té%mﬁéﬁfmle%reémﬁéeﬂ "CPRCHYAIFR (I ane,

which is dibd Hsby gﬁta%j,ao%% et oP RibbaPShae; t he circuit board section and
two of the ground vias he ground plane having a grid or lattice-Iike

configurati on,FI@rﬁle laeispertian viopent aatreeit ipardillestpting ast&e pattean obvisgigasayes a
pair of e | a 25 FIG 10 is a perspective view of the
arrangerrgL '3#%{/{15%‘3%%&?%{@&]%%{’”? ’l lustrating additional ground plane
layess as par FIGI7 shlamesnabl a citduftbohrdb@pdrthng@hiait bortrudd inMctdrdirte wahen

ar eas enconpa55|ng the pair of differential signal vias through the height,

or dept h,heprinciesqf the presentjgyeogion, ijlpgtratipga @rﬁmﬂps;r YReArERHRente| ect i vel y
ted t frrkh
connected to gi@ s ng'v?e%v&ﬂé 2 B {vﬁﬂf%gaggmﬁ i ]ﬁ?nel 1%&1%;,1%%4@?@5@“ vi ew

of the via and grou ne arrangement o urt strating
a pair ofthel¢ifcuibeartiferd clmtgpa’poses almtmnssqteﬂ”mltwngrmmdwms amklllulstr@ing flem a pair
of associated. differentia Y = 11 is,a.to \u ew t aken
ot ot e ingelLarRETot PEn? g oS spcing e ape kg BereBRyRipA

20056081596 PE{¢.\952 AQefspeidide iew of the via arrangement similar to that of FIG. 8 showmg the

points of interconnection between the ground plane, which is illustrated on the top surface of the

circuit board section and two of the ground vias, the ground plane having a grid or lattice-like
configuration, and having an open arca with a perimeter that encompasses a pair of differential
signal vias;

25 FIG. 10 is a perspective view of the arrangement of vias in FIG. 9, but illustrating
additional ground plane layers as part of the overall circuit board construction, with the open
areas encompassing the pair of differential signal vias through the height, or depth, of the circuit
board, with the ground planes being selectively connected to the ground vias of the arrangement;

FIG. 10A is a top plan view of the via and ground plane arrangement of FIG. 10, further

30 illustrating a pair of differential signal transmission line traces exiting from a pair of associated

differential signal vias;

FIG. 11 is a top plan view, taken at a slight angle, illustrating a pair of differential signél
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vias and a pair of conductive traces exiting, or "launching" or "breaking
out" fromthe vias and neeting a differential signal transm ssion |ine;

FIG 11A is a top plan view of a structure simlar to that shown in FIG

11, but xit portion has a flag configurati n
increaseghﬁﬁg?ﬁkg§%fion; 5 FIG 12 is the sane vieM/as% FQE%T%@&%%% oriented
90 degrees and slightly nore in perspective and illustrating the depth of
the vias and the signal trace breakoutg connegted to the signal vias;, FIG
13 is a b’éﬂséb‘iét’% PRANGHYE tragRs eXitPgRge ings’ of | feaking onfalrer® the WAt 3 end

t her eof  @tcetimy SaikeRhGA AN MemBS@n lihé;ustrating how the circuit traces exit
fromtheir two associated vias and 10 illustrating the increased w dth

portions of tKEK:ddAdsietapydan vigwef e strjotyre sigilar to thatts IndFIGyildvbustwhareot her
conduct i 1 . x| er, n N ordance with the

princi pl gtge etc))(ft%t% %éﬁglra ée%g%é E?nrﬁ%gﬁa?lf’%%\'?&ﬁt %\gmf%a?eg vgiﬁ%lpé’%m\'/]i’ ew of a known

di fferential pi@nalis the 3ara¢ viewge FEGL1 1ahd odiettad 90 ddgrexs atdislightly bReem eXxiting
therefrom 15 FIG, 15 is a _plan view of angther known differential signal
via ar ran&éﬂ%wmﬂlﬁwt@"whﬁ degih of s ap ﬁ’FiS%ﬂttﬁ’éF BreARNSERINE TP AR a

si gnal tLaRANiasion line of the circuit board;, FIG 16 is a perspective view
of another enbodi ment of a the differential signal trace exit pattern; FIG
16A is a top PlGd3vs epersrdectivecvielv of the emerigginenti o riG. 11y taken faintangad thereof af FI G

o 17t i SRR AP RNk TRAIRR BEEbvh ARouh B Rl R ot o

out10 consllustigtirgthd nceawd Waheartivnt bf the conduttheitkes of the present invention
and illustrati rgda narrow, spaci ng between two openi ngtjs formed in the ground

pl ane of the EIG-dafds pipgmian yipwsof apther gondygtivedrage gribpgtisen qopstructedan put wit h
a wider _%P&FdaﬂgeMﬁg&tpﬁﬁcépﬁ%g?ﬂl@p}éé&tir%ﬁn%‘?m ngs formed in the ground plane

of the circuit board. Is a top plan’view of another enbodi nent of a
circuit boar dFibudés oplan Viewmffadmown diffesential dignet vianirangetiest ande reir ofi circuit
tri ad-st? e ar.r.angfEre nt _of traces; FIG 18A is a sectional view of FIG 18

taken al JAYF®THEE Mereof, illustrating the triad-style arrangenent of
theisxircui t bpry.d5ty aples view dfagdthefi@bin AiffdrditiaCdigalivia alfddettient Withlapairl8B i s
a diagrammatic view of FIG 18 illustrating the vertical spacing between

traces uSEWacshexiing beefpm and dotning a signal gppsmissiondingof thegirgquit bpard;" 19 js a top

| : ) : c Sre P
\F/’\Dag 0‘6'5/5"(’)"82 c ggﬂg é??{f S@%%% \56&2\2%\5 OF arfdtlel LABsEMU S 3 HANIGTRM siBhalHabEit

pattern;
FIG. 16A is a top plan view of the differential signal trace exit pattern of FIG. 16 with a
20 ground reference plane superimposed over the trace pattern;

FIG. 17A is a top plan view of another embodiment of a circuit board route out
constructed in accordance with the ﬁﬁnciples of the present invention and illustrating a narrow
spacing between two openings formed in the ground plane of the circuit board.

FIG. 17B is the same view as FIG. 17A, but with a wider spacing inserted between two

25 openings formed in the ground plane of the circuit board.

FIG. 18 is a top plan view of another embodiment of a circuit board route out from four
vias, illustrating the use of a triad-style arrangement of traces;

FIG. 18A is a sectional view of FIG. 18 taken along lines A-A thereof, illustrating the
triad-style arrangement of the circuit board traces in their path on the circuit board;

30 FIG. 18B is a diagrammatic view of FIG. 18 illustrating the vertical spacing between
traces used on different layers of the circuit board; and, '

FIG. 19 is a top plan view of another embodiment of a triad-style arrangement of circuit
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board trace exits. Detail ed Description of the Preferred Enbodi nents FIG |
IS a perspective view of a backpl ane assenbly 100 in which a printed circuit
board, referred to herein as a "notherboard” 101 is joined to a secondary
circuit beas y 5 way of one or nore connectors Th nect ors
103, as are %noasn?%sl n the art, connect conductive ci rcu%?gm ﬂgwﬁ‘?@h utilize
conductive traces 105 dlsposed on a surface of the notherboard 101, to
simlar rcuits 106 disposed on the secondary circuit board 102. These
circuits? %Bfl frace %l ypi cal Iy | ead to el ectronic conponents 110 that are
nmounted to the circuit board. 10 Cables may be used to connect the assenbly
100 of FIG | to anot her eI ectronl C- assenbl y and these cables are but one
form of Betan SCHP : ' mbedimentsi ne. Ot her forns of such

transm ssion n r ui 04 106 of the
assenbly and 1:lcl)ﬁef}%S SPP 8“18%& gfﬂ%tcﬂﬁ ﬁdena’fséoe?ﬁ% 600 hﬁ%a? Iﬁe (f'rc%nduct Ive
traces Cbo&ﬁb%‘d‘r&ﬂ'tofh&rem ztshu “lmoahqw(ﬁfdé’ 1001s jolnay &ra se@éndahemfﬁuttdbuarﬂ 1bpayd. An
exanpl e of such a transm ssi e is shown in FIG 2 agd is 15

r epPesent 3t $hPBe GF MOFCORPECiQLs f 61%@#&0%@%9&% 1B easaig kngwan indhejart, somnegt

el ect r ondgngudtid ¥ipddité 109 WRYch utitife Enfucte taces 10§ uisbosla@%q sthffelofihOWN havi ng
a plural IF@% of vias 121 arranged in a pattern f recei ving corresponding

conduct im @rémré 181, tanimlae eirquts il @6 @W%@hﬁlesmndar}s cm;ufrhoectl 1020 These circuit
board 120 The vias .1 i.nclude a hole 122
that exten lqﬁf” @g]tgﬁw?%ple%é? SO CUHRENTS 3 }? h’ép%rl Pb %“6%&9& 98h  The

Vi as 12]boa.fde pl ated al ong their 20 |nter| or surfaces 128, and the vias 121

typ| cally incl uije a small_ annul ar_ ring Bl atlrclg materjial . 123 that can
collPect at tKebiemaydbsassdin copnestipe %P‘Eblé{ﬁ 0 phidGs  te apatiier leclronic assembly t
board 1204 tfdse PRILs as%bmﬂeiml %n%fe@tﬁfr‘ﬁc gn%m R o?nlﬁféo\tﬁh (Erﬁfa%g&ha“ﬂy
fromthe vias 121 and, d|f erentla gha app I cat1ons, two O

traces liahsmisR6n Wnéd m&;ohmeccapomteﬂ in thie firendt tmawds 04 r1€A of e assemyl}ednd one

transm SSIO line "ST'that |.eads to or, electronic.co nent or the
L re ™ S Rmira o o Bt ot St e RIS E o dhobreson: e vl ol S on o

Wi Il be japhidf thadiRuilbbiiPlhg ex&hple besieh %fanssmgg"@i Bnd i§ SkQHRIIG. Thl is

differential signal vias 401 are seen to penetrate the top netal ground
pl dhe | arykz,rﬁsezptwvwf th eireyitrhoard styefredhaf Gousas in tha vlepgonicssadreimiteden spaci ng

(center-to- SRMEI ablidlsohed PRSs WRAR IBADSTHBARY oFuiak By BHbEL llamensi ons of

the anti - pad I's manner, the anti- 'S e ectl couﬁledfrom
t he di fflmttamtf’oaiecewggad)rrqzspcbrrdirxgndmdlmmmilsmm eielm)hlcmgmpene’}ﬂ)that wnimovated, whil e

O ot 5S40, bR T kb YR A T Yook o
only to JxRABS theQIBATK Qiiite mmh@@ BPMB et Holrd 120, Thé Gk 121 BRPldled along their

20 interior surfaces 128, and the vias 121 typically include a small annular ring of plating material
123 that can collect at the intersection of the hole and the surfaces of the circuit board 120. A
pair of conductive traces 124, 125 are shown extending away from the vias 121 and, in
differential signal applications, two of the traces 124, 125 will cooperatively define a differential
signal transmission line “ST”that leads to a connector, electronic component or the like.

25 In this manner, the likelihood that the differential signal pair will be split into multiple
single-ended signals is reduced. The differential signal vias 401 are seen to penetrate the top
metal ground plane layer 405 of the circuit board 400 and having a separation spacing (center-to-
center) that is less than either B or H, the outer dimensions of the anti-pad. In this manner, the
anti-pad is effectively decoupled from the differential signal pair and common mode coupling is

30 minimized, while differential mode coupling between the two differential signal vias is

increased.
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120, but are also used to interconnect various circuit of the board
together. As stated above, a circuit board is typically made up on a series
of layers of a fiberglass resin or simlar conpound. A plating layer is
applied tﬁro%ﬁ‘s@ sophese layers and is etched to form Wb’ﬁ%s‘/oﬁu% aces on
the 5 surface of the |ayer. Another |ayer of fiberglass or'resinis applied
to the first layer, circuit traces are fornmed and so on until a nulti-Iayer
circuit board_is formed with a El uralitgéﬁof circuits extending through the

board on t he ‘dierasiléharquigdpel oplydp mgpnt cpRaeciqra andompopenteld thycitautbpadg

hol es i i, bl GrddIscibid IRRFGnAREVRIRO Sk dritf KARAYELH S AsBRuSbaat hen the
inner surfaces of the vias are plated, thereby conhecting together, all of
t he | ayegisuit heard isoypialtymeadesipenadgaes of bayets@f aJibetglass tesiatog sinilar eerhpougeéd

detail, the. circuit.b i h ai ns Vi 121.. The via
is plat e‘g P %‘?\%g !aﬁ"gllf'ﬁé%pgw o f&ynetog rﬂ?eggfag%r%%'? 4 C%ﬁg‘g%f OBt 3?’1‘%&“"&& AEE O e 4t

sur soundsurfatesof tholager 1 R70thek 1g@poiGibEntash er fesinfi®gbphind td e Aad (e, cy@it tapes t hi s
gaps provi g%% R?/ep ration,  between the via plating 128 and a%tg[ou,nd ref erence
pl ane cotaliremedand speruniibe mulfistayen cirPwtibrasd tsHermgdavitipa pluralify of cyaytsG i s

provi dedggkaf %g& #RE B4 bh B AGabM HyeRNRGLM THa Vs bie fﬁﬁﬁedl%ﬁ%llﬂi cover ed
that the 15 ground pl ane [ayer may detrinentally |m§l uence the transm ssion
of di f f drcdestintalthesdingnid bearfl andrexposipgihe cofidugtive eyen andithers thg ialer surfases didwever ,

with this_structuyr he gap. G, that ogcurs,bet n t via and the edge of
r ef er enc@®}1 aHES atﬁ%rgéy ‘f%ge‘g’inﬁt‘f%@‘% agogg"ﬁé@'lc Sgﬁﬁtt%%g?lbe lmeee‘%ﬁ'f erence pl ane.
Thitg ef fect IBGESDREHaALS iy chlafiRO daGE G lhyer 5f thy eirtliitoayd EX0GhAtR8ARInG R @iamul ti pl e

ground pl anes with gaps, or_ openings that surround a single via it can cause
si gnal riet dbe vigrs phifed and cludes angpterigneoating R 3a{plasips materigh thatferreyads she

transm ssj | i ' b | t he

i 11 o et 22 A BapS a5 B iekie ot obisiblef P bl ORI D a RO et

vi a hol ehd 2i2 phating n2% arider grogdd eferenoé platecdndyaive 12O H290thatrsunrowhels theovia It e Wi t h
surface jrace l124a and, i nner. |ayer traces 124b and 124c. e manner of

i npr ovi nﬁnis@ 7 G HBY o T oAl eaion RN SBoiARAn 1t§§541_&ﬁn %ﬁ‘?"r‘:ﬁgiﬂﬂatﬂlfar dis
25 1§ hat Og;mlﬁ 14r@ 1dyel WY H@tiRRntally FGence tRNFhndhiseion Oe SficgAl s{?ﬂa]yﬁgm fatent

No. 6,607,402, issued " August 19, 2003 and assigned to Teradyne, Inc. In
t hi s patpasnof differéntigl signabuias. dHawever, svithithigmtrudiure; thg gap Glthat ak¢ursbaiveanithd 121
formed therein. The.vias 121 are arranged.in paitrs for differential signal
tr anmi <97 Bt e gdeR ot B pheticfurRt GRI8E o1 0 tRetS P eBREPENER of ae
129. A priié éfedet iskssbeily blotitde inl shiubigrey Wdisretthgre areemeltipla grdiing plagacwitie! es t he
a pair of differential signal vias, is 30 renpved to form.an opening. This
renoved SEPEEr ODSRINEHIBAL syEFounsty sipgle ¥ig it IR cquse exeaplireflection.; hhig prflectipntakes

"anki - pad’ ) al al at the anti-pad 130 should encircle
t hgbt ma%ﬁe%wﬁosz&@%’kﬁ%@%ﬁg%ﬁbghﬂiygkggrtai n di sadvant ages associ ated with
it. For exanpil@,3A HbswatesinbXthdpmttia manhe, the Wite2a0 byo8 1396 1 PA#nd32006f ©O4469

circuit board 129 and how the via hole 122 extends through all of the layers 129a-c in order to

mate with surface trace 124a and inner layer traces 124b and 124c.
One manner of improving the performance of differential signal vias on a circuit board is

25 that which is illustrated in FIG. 4 and which described in U.S. Patent No. 6,607,402, issued

August 19, 2003 and assigned to Teradyne, Inc. In this patent, a circuit board 120 is shown

having a plurality of vias 121 formed therein. The vias 121 are arranged in pairs for differential

signal transmission, and the circuit board 120 contains a ground reference plane 129. A portion

130 of the underlying ground plane area which encircles the a pair of differential signal vias is
30 removed to form an opening. This removed area, or opening 130, is commonly referred to in the

art as an “anti-pad”. The ‘402 patent explains that the anti-pad 130 should encircle the two vias

121. This structure has certain disadvantages associated with it. For example, the vias 121 both
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act as capacitors in nultiple places across the gap between the vias 121 and
edge of the ground plane opening. This capacitor effect tends to take
energy out of any signal transm ssion |ine that nay be joined to the vias
121. The f s small-sized via anti-pad is an attenpt to | oosely

coupl e th§§§2&5@%%%§I vias 121 together electrically, Sﬁgﬁpﬁgyﬁyg?inity of
the surrounding ground 5 pad or plane inhibits true strong differenti al
coupling between the two differential signal vias 121. FIG 5 illustrates
anot her kasbagreapastipisiin srultipte places kerosh the gapehetiveen dls viaml 2haind kdgerof hretgrowsald 131

IS narro Nl r .portd on f n e. two. viias 121 .to.adopt an
overal | Viﬁ%‘gé) g%ﬂﬁ}g rlg]r%éa AHDE Ffde&éeﬁégg’rtglgec%ﬁ%%ﬂofﬁw§'g8%13@3?151ﬁ%%‘} h?ehtggt

ant i - pad r@/beijsintdtogke vias 1716 Bieade dthik3mak-sized uiadinfigpall Beinpltbmhpad loosay 121,
but it then narrows, down a bit hetween in the area 136 _ between the two
vias. ThiSUplafedtp signpladas 124 togsther clactricplly, but dhe pomiyref thesuaguding sonadgy
thatsis ma bﬁghﬁe/mhieﬁé trhdst G iftFedrSitial Qplidd Kerddhlthe AIFREOEndd SoRIQMAd Pl ane
anti-pad inhibits proper performance. Thi's structure represents an attenpt
to bal ancd@lt he capacitance of the systemand to |oosely couple the two

signal vias t ther while sti|l keeping.the affinity of .the.two sjignal 15
vias for thei ?ﬁgu{i ﬁ%ﬁ‘ﬁaﬁsﬁamg‘?fo%“ﬁ&“p %ﬁ%gtlm}@sm ﬁ’lrlép?q%éﬂas’ﬁgf”ilfc ﬁPiaQ‘I%@ﬁ?a
Posi ti onii3g isdaGowed id itkhteBp&ioR 13 betweed thetwd vigor 1 do 28pt Bawgermhat i s

referred to herein as a "5-die" via pattern formed therein. This pattern
i ncl udes “PORPOP&| ¢rs dembel]’t aRpeaARGea With BisaAPPeATanse.dhoantbpad 134 dslatgedn the ams

0PP9Si t € 135 Qi%0uRlind R H R RO MRR e b Gl s BRBeRBRY (UG PRI T OF 20

differentia I gnal” vi‘as I nc es two distinct vias and 204a,
204b. Théetween thicdwo oias. Ehis magoeingdésbitemantiapturpal songrod theyspstealehgrgathatised

together alo a ftirst axi,s Ll (shown t endi from] r.left to upper
Font s n TRTEAI gt i dpetat i St e O oF Mo hians B pa s et |
transver serfb@ndnb® Thi¢ Skucfixé feptesentsTiat@inhf ®MaARhiAhe SAABRncY bithe $R%aAT dhd 204a- b
typically have conductive traces | eadi nigedi'_r omthemto anot her destination

on the cite kagpely powledho ty sighal vias tagethoswiyedtiH keening the stfinityof fredwp signdonnect ed
to gr oys 'EEM : Eégg ithin the circuit board 205 on an inner
sur?%ce Bﬁgf@gﬁag% n§§m€ wn ?ﬁﬂ ‘G 6. Inthis type of via pattern, two
pairs of differential signal vias each share the single ground via in the
center of, the pattFEai I't, Egs Been di scovered by us that this 5-die pattern
creates 13 .‘ ¢t to very finely control the inpedance
of such a systFfms MSuAELHBIHRECiARIPoadPO0 Bhvel vight H rbfefe® I hedin ¥d 2«Paier s 202,
204 and the center ground via is preferably trianqular in configuration

wi th t he vidpaternvipriecdiibereig. (Thisatiernanclydes twapaiss @& diffsrentintesignabivigs 202 20yl es
repr esent ey ik Py AR 08 ARG T AGANA AR 20D YR SachPafl o1 NES T i

FIG 6.
20 differential signal vias includes twoldisﬁnct' vias 202a, 202b and 204a, 204b. The two vias of

each such differential pair are typically aligned together along a first axis L1 (shown extending
from lower left to upper right in FIG. 7) This pattern is repeated along a direction that is
transverse to the first axis L1, The differential signal vias 202a-b, 204a-b typically have
conductive traces leading from themi to another destination on the circuit board 200, while the

25 ground via 205 is typically connecte.fd tb. a ground plane layer disposed within the circuit board
205 on an inner surface thereof and nof sown in FIG. 6.

In this type of via pattern, two pairs of differential signal vias each share the single
ground via in the center of the péttefn. It has been discovered by us that this 5-die pattermn creates
crosstalk and it is difficult to very ﬁnel‘y' control the impedance of such a system. The grouping

30 of one of the differential via pairs 2(?)2, 204 and the center ground via is preferably triangular in
configuration with the three vias bei}xgzlocated at the vertices of imaginary triangles represented
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FIG 7 is atop plan view of a circuit board 300 with a via |ayout
constructed in accordance with the principles of the present invention in

whi ch the spacing of the vias is staggered so that one pair of differential
signal Vi 3o 20d0sisss | ocated closer to their associ ated parHfs9d8oaéed 302
(shomn in approximately the center of the pattern) than are a second pair
"BB" of differential signal vias. Multiple vias 301 are fornmed in the

circuit ho sociated 'ground via 302 is provided in
associatiéﬂmébiﬁz ﬁqﬁﬁﬂﬁ ‘ably aligned with a pair of differential signal

vias 303. TheFI(W@1§1hftt¥peﬁlﬁml'eﬁ'|of§'cﬂaﬁibdéf@ﬁ)omﬁlﬁlﬁld}f)ﬁtfe%hﬁm&ed@ﬁ' gned al ong
.a first axis LI orma pair of differential signal was, and the

associ at @ecogdasemuitly the peingiples of theenserd puentianip which the eparingof thewias is but

| ocat ed Ve dir verse to

t he firs?ggéggﬂﬁtﬁﬁé&w§?§bp?%é¥ﬁlﬁ§¥$Q u?%wqgkmﬁﬁpﬂgﬁgg% e“ﬁﬁ°'%%§nd Vi a

| ayosit  beediid @iat30e (shoaai il gppibxinladyhie berer@f diefpﬁ&érﬁ)""dhh@hreﬁl s9Eud peir SBBALE AA
and its assomatedaground via 302 is Igss than the, spacing W2 between the

one di f f SHEsentia) sighafjyigs. Multmleyias 304 ag, Ha?fbw}éeclwaajba%réﬁm Bad an gsppcifted 5
differen l: HBAA o tial
si gnal v%@hﬂia?gg 1sl %@Elgwﬁrnas%#lsatt@g% gﬁege\ll‘\%abwal gd g?goc?gj z{togglff%ﬁrl)lg%d 302
and not tstgvxdmhséﬂﬂ héhe Mtedlﬁbﬂeetlal S@plae@rim aghi piréferablytalighedsilgmpd firef &xislal 1 BB

o5, P Gl g R gt g e b Barae s e EhE Vi B e al i Foml

Whi gt ONeheHirstIRIsChutdbalidVetekch eieewe REpRalRANEEN Aevwiddsn & diredtioh thadeRe & €
provided with a specially configured anti-pad that enconpasses the two

di f f er enthedfirstaxis vi as that nake up a differential signal via pair. The

di nensional r S

where refer en?!aea}%tep tmsgﬂ'%mlte g%ééér@l{?iﬁgﬁgﬂ{rdimﬁa?la%dgé?%aaﬁ%ﬁﬂ@ﬁdacmg I udes a
pl ural it Yefwesn givedifferemtsal 4ighal vﬁa/\pnm\ahﬂ thasas@ated grotrdred 30D is\ legshham thai r 402
of differential signal vias. A large ground pl ane 405 is_present_25 either
on the s §PHIEV S peteen therong diffopasiaksignel \aﬁpehAﬁrﬁnérapeﬂi%@aéwntm%BP The
gro p seen
O oYL PlARE i adsd 8B NEhaR A AEDal U RSl feneh il A3 £ B

di rrenS| Olisits &uplmgtblwasi MWEiatddtgromdmOéﬁed nﬁdoW:hdelthdnehemhen mljackstve an

et on ik Sl S i T s ol gy ks vi

di fferentph@th gnhal was 401 rraybe a 30 large ground plane, as illustrated.
In this manner, the likelihood that the differential signal pair wll be
split into rruFIGEbISelOsﬂhgﬂr@B ewdeat embgdinent dfshansehcntigvention injivhich oamen meresi gnal

R R s T 7
separ at i @t SRREIpAGed e ntr@ﬂrffeﬁenﬂeirhﬁ@m) vﬂlshait nnefke hxpasilt&"éiamaeslgm fviakpaltrr The t he

out er di mensions of the

dimensional reiatlonsh1p of these arrangements is ﬁ t shown in FIG. 8, where reference number

400 indicates the circuit board, which mcludes a plf

hty |of 51gna1 vias 401, two of which are
combined to form a pair 402 of d1fferent1al signal’ v1as A large ground plane 405 is present

25 either on the surface of the circuit: board or on an mtenor layer thereof. The ground plane 405

has a large anti-pad 410 formed in it, and as can be seen 1n FIG 8, the anti-pad 410 is generally

rectangular in shape, having dlmensmns B and H as ShOWIil It is preferred that the opening have
|

an aspect ratio AR of from about 1.2 to 1 .5, which i 1s obtamed by the equation: AR=H/B.

The ground plane 405 surroundmg the pair 402 of Tilfferentlal signal vias 401 maybea

30 large ground plane, as illustrated. .In th:s manner, the hkehhood that the differential signal pair
|

will be split into multiple smgle-ended s1gnals is reduce

The differential signal vias 401 are

seen to penetrate the top metal ground plane layer 405 of the cxrcu1t board 400 and have a
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opening, or anti-pad 410. In this manner, the anti-pad 410 is effectively
decoupled fromthe differential signal pair and common node coupling is
mnimzed, while differential node coupling between the two differenti al

si gnal vi LS el eased. 5 Additionally, one via 404 of the two ground vias
403, 404 ?@0%%?@ﬁ%§ as a preferential ground, neaningg?ﬁy?ﬂ??myﬂgplaced
closer to the differential pair 402 than the other and is therefore

designated as a primary ground reference. Wth this assynettrical

rel at i on&gHRIetion sRaciug eepter-tarpmterhatis lesythan cithseBoa . therousgridinaensions af thei gnal
vias is ghim iad 418, j hillo) _ﬁgyﬁﬂ ) ' dance of
t he systgl‘?ﬁlﬁdlg’éﬁ?m Ioﬁgéitﬂgﬁg%gﬂtr’{hﬁ?igﬁg t e%f%%ﬁ#&%%%?%ﬁ%@% gr ound
pl ane 408&iffesntdsigaek it and chmmion grode nahipling §s romirhized, twdyile aifferéroial mdes ur f aces of

the circuit. bpard 111 rated. in F1G .9, if ground planes are used in
t hat fasﬁqughn%ﬁ%wg?%ﬁ?m&%ﬁfegt_daeiiswlgl‘@s’s ipgreasel- s preferred that the inner
grognd pl ane Aadi@smallfdhe VRl ARt R two GRIVAG §1a8 403, A0l RedeBined Ach Mefefentiall N FI G
9, it will be noted that the ground plane 405 takes the formnore of a grid

or | att i g@upd, greanigg thatit iy placed glogerrto thealifferential prir 442 then Ge otheriansl iatheraferper .
Such a | L | SndaAdi d ; f.or Al - 0 | .t boards
Chat  hayaestbrgled ph by chodaBRERE Wil SR omiehrioll e BEERR e Sl 20907,
mul ti pl emodyempling ofthapar ofodiffarential kigeal dias & minimized wid ik defiveedrfessubsequemt her

i nsul ative, materi.al renov for clariity.. The groun | anes, 407a,_ 405b are

di spos edmﬁwgé‘gﬁl‘?ﬁ“ﬂ anfeo‘iﬁg‘ﬁ%}'s{%’t f'%n‘iﬂ%‘zﬁlfsae&‘é?gwo‘{gﬂé&c‘flweﬁibPar odP8 and t hey
ar qoconngehtiplhse mti@c&ﬁeétéﬁo%ﬂgﬁ%ﬂﬂi A onthdtod afl@ Bottdm sirfRed GRS cifbupuNd

reference plane | ayers 405c & 405d, there is no connection 20 between the
ground pbepidas ilpdragadin E1G.& iftgramdiancs age uspddn thapteshipn prd #s illpstrgted imFIG.r aces
420 are : LJ I L Lal .S | i L ween

ar ount pl SAa" Piefel i b oh s s BuR colh i S g T
t hr ough IHEGCY ricwill behmasddh4 ke gravhd glamestDa cdkeothe foray @b, oftalpeid toninttipedikad

pl anes that flank the signal _ jraces 42Q are_connected to the, grqund vi al
403, 404$tﬂ12§1r9rﬁ@§fé>ﬂﬁn adﬁ‘tggﬁé"lt‘{ﬁt)‘_‘ftdﬁ@m’& %&c%‘fcgé‘ ggﬁdgaﬁiqm‘feﬂae@gc%tfg OfUiRe
betjyeen ﬁ?ﬁre&ﬁéfs,%m\{ilt BSardharHave a high 8&%&9 oP@atts o Qiffekrtial si%%giﬁ%g‘ I QAlis a

top plan view of the via and ground pl ane structure of
i | | ustrating IniéGgklsamilyplalazeroor plins, civpitboariacshovhn, whe theiresimptotheyard (with

the board ,structure renoyed [ arit nd. ild u ati t he connecti on of

toe § o s fileidal TR ol iy, trRlarduh oy Jdsa sk 3l hasifaf SIOERE |

i 11 ust r afopand b&itopasdifasky oflthd diguit bauidnd thag &8 cditdcled kebdth of theigfoudd viagut e out

or exit fromthe differential Béi gnhal, vi as. %Ossi&%ggl Trace Breakout From Vi as
I

-14 | WO Bobg9bsirgbsinpergrasoesIamupey pyers 0 dIcTedB PR SO r ol t he
| MyRdanChet@lon ihe b AT Sh Bithe BESe to 1iBE4@, 884.1 R phh b Eignal traces 420 are

shown exiting from the differential signal via pair 420 between ground plane layers 405e and
405f. In order to optimize the via performance through the circuit board 400 and its stack of
layers, the two ground planes that flank the signal traces 420 are connected to the ground vias
403, 404.

25 The exit paths that the conductive signal traces 420 take between the three vias 401-403
is shown best in FIG. 10A, FIG. 10A is a top plan view of the via and ground plane structure of
FIG. 10, illustrating the ground plane on the top surface of the circuit board (with the board
structure removed for clarity) and illustrating the connection of two inner signal traces to the
differential signal via pair. This also illustrates the path Which the signal traces 420 take in their

30 route out, or exit from the differential signal vias.

Signal Trace Breakout From Vias
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the traces exit fromthe vias and continue their transm ssion path on the
circuit board. Problens arise in these exit areas. Previously it was known
to attenpt to maintain the spacing of the conductive trace pair in
symmetric 2%@5[{0 ﬂsg ments around a center |line running between the 5
different I'a 3 via pair. This is shown in FIG 1£CHHRPEPHE vias 501,
502 of a pair of differential signal vias are spaced apart from each ot her
by a distance D. A pair of conductive traces 503 are connected to the vias
501, 502 and leisiatsotdegrablerto rontioh eierimpadancgafithe exismixdion lings inithd drya muthied an
angl e alpng exit. portjons 504 of the traces toward a centerline C that
Senar ar B¢ TS cpipFSHhENGpan apiimia et (REEbstoR Pah ouds SRl boya DY m
spaci ng 4P3e inllesERRf re@Xi Brefiohidly A Ras RAGHIRVeReRpEId MdinthBNBS Hadhg ofifie NOL

i ntersect each other in their extent, but they join correspondi ng el ongated

por t i onsCORGUEtivR Hacepairdn dypaptsicilarrapgemeatsiaroyng @ cemer linspueningbetweandbe of t he
" . > P _ . . 2 def |
croral sl SEndlA T ho IO, 14 Shbrc B SR ADE SR REB A WL

si ngl e pditterental dighdledimntd sphceduipgi fomdadsothédty andiaaled s pA phin of cogdastptry and

the length of the two traces .may be kept 15 s trjcal so that any
vari ance@acFﬁng’l?éc ‘é‘%ﬂnf"’t%f{:@ thepes ¥Q)1’ Wﬂ%ﬁ}tﬁlﬂe@g i exthPAREXRSS ni ng  t he

geonet I yinAffly SWHES kp1Odlodd KitGoktiohs ;504 HAKE tradel fovkd & daIGHnE @A Serfaliils” O! | €d
in this area. However, it is not always possible to route out traces from

vi as i n the symvieg $01lomttil fhettacesrare separpted by b lupiform spagiag DBY. t he circuit board
wher.e there i.§ a high densj or,closely aced pairs qof . di.fferential
SidRal vi as. TSeuoniR xp7 Paverhsnge RRER%pR B0 65 afiEerath onirin HRUEHRG 1, om
a pair afutdielfj&h eéﬁésFénds@migateu ipefiofl§ SOSthAGIRNE Pardlelitd ddchioiRr bhi aRsitar e
either not of equal length, or are not symmetrical in their attern as a
pai r. Suddesaf hespntatine Cc Thetunyiaaft, 503 and thejs pssgeialgd fraces 563 defmegignal o

circuit . LSk L ' n r | . - 502

ar 1 anged-Tasion Be bk b ioll ol Herl! WARLEYn Ik it FR0i DR

di f f er erdigral vias, tieaiceddal spacing] gtometryomd dlet lenggh of the e8o bdXss nh)be ke shown 25

I egdi ng from tr;f vias to a si gn%:’*ﬁ transm ssi onbl i ne 507. Tglg one trace 506
had’a sHEPIMEERGEf so %B‘raf‘iyﬁﬁﬁ%’f%ﬁ n,fpR §1LF arpkephiopRabsqlute gigimy By DANRIIRE oxi ¢
portion {gd éeérﬁét@%ﬁ@b‘*?ﬁmétﬂf oftth&cisdiRdiabd) thIBipu@RBe EdhoetdRrMeASn Bklare202. The

signal transm ssSion 1ine 507 portion of the traces extends between the two
rows of Howeverlitis petddways possiide focroptgput rases fropainaie @ sypmetnisalpageral

¢ el on . L . . ; . ' it ‘
cqual | e pietydh B b R840 yihelkiBlee 860 Bh Uesichlor SRSATERCOFRERERT Y,
account difrereflidl kighelngs. i n the | engths and angles of the two exit portions

o O e o Lo Pk B L0 B0 SPTPRIRB G B 07,512
506 Wi t haud 5yl E’t%ﬁe)(ed‘s& That th@a200R¢ BiEhtrR& of %Ja%@t@?éroﬂélﬁtﬁ%metﬁcal in their
pattern as a pair. Such a problematic arrangement is iltustrated in FIG. 15 where a circuit board
500 is illustrated as having an array of vias 501, 502 arranged in pairs in two lines. Two of the
vias 501, 502 form a differential signal pair and two cdnductive traces 505, 506 are shown
25 leading from the vias to a signal transmission line 507. The one trace 506 has a short exit
portion 510, while the other trace 505 has a longer exit portion 511 to account for the spacing
between the two vias 501, 502. The signal transmission line 507 portion of the traces extends
between the two rows of vias. In order to ensﬁre that the impedance of the signal transmission
line will maintain a desired value, it becomes necessary to equalize the length of the
30 transmission line portion 507 to take into accéunt t'he:difference in the lengths and angles of the
two exit portions 510, 511 of the traces. This is done By inserting a compensating portion 512,

shown as a partial loop, which increases the overall length of the trace 506 without unduly

-15-




I ncreasing the lateral |ength. However, the use of such a conpensating
portion 512 takes up valuable space on the circuit board which otherw se
could be used for additional circuitry and therefore this solution to
control |i E&% ' gdance of a circuit board signal tr ] ' %'ne S
. 0 /0 . %@%ﬂ :
undesireable. 5 FP%S. 11-13 & 1A illustrate one enbodlnensa%#BQME%rCU|t
board 600 having a circuit trace pattern 601 that provides desirable

i npedance. characteristics of a signal transmssion |line 610 that exits from
o pai 1 60BSTSTIE tf [HEIFIRT T D1e4Se BOBEN » SOmBTSHTEPOLHISS s goent , |t
has been wih6R%PIRGNNe &ifcultibBhrdivhidhSotROwEk bbEd be nsddypeadditaaR@ichay mmace of
the transm ssion systemfromthe vias 608a, 608b all the way their

associ at lierefogmikis spfusing ta eesirghing thedmpedancepf agircuiy baasd signeliransmission Healisf r om
two condughive firaces 613a, 613b. The circuit trace pattern shown in these
Figures is one that is typically found on an inner layer of the circuit
board 600 and RIGB. I &tinac dhiskdBSane ditRidimai ef atitdnittbbarddioD haviagh icduisi gnal

vial 608a, 608b along their p|]at bod rtions 604. (FIG 12,) In -using
patterns e PHETR ﬁ@e‘ﬂ?‘i Rypvid eﬁé"\?’ge ‘P’@ﬁ%"?ﬁ?{acﬁ"sﬁ‘%‘“’ SSEnp) téa“F’B‘SSI_P&Uﬂ%h t he
ener gy Of g1iohRat Xisd Both @akr 669 bf AFEEntA SkalNRY084, 6098 L Wik RS iGefibdd g7 enti al
signal 15 vias. These Structures serve to return energy to the system In

t hi s manrhag beankliscpysredhby erthatdhis ppssibls @6 tunet Bstperfomranky ofthe phsthissicnf er ent i al
trace pai ' ' ) Ly, f n the via pair stat ed
above, "a PEEHREEEobd Bbst i B8 TsD Heik Bl apahl SR Byt 514 3" g
i N 10r derastshowre déaformedfromitwo emelugtive tiades 6138, 63b.t TROitduititicEpMtehpshewam ar ged
wi dt h po’r:thi og , Or areas,, 2001’4%} }/'\f?ich are joined to the vjas by way of
annul ar dBFF BRI PRsSata2 BPICHhe 08 aﬁ'ayanwI@feﬁoﬁfaﬁﬁir%%bwbﬁ%a@dmﬁ%er

j oi ned t qrdches14h 318h Alatd WitP ae difdrbheidh@fmaRiall 66K 50%8 ashe thiifBlate@8bdy ONS  623.
These flag portions 623 , and in part, the enlarged width portions 621
present rmorteonse04al (FIG| B)e Innuséng paterng of ba dventtom, wa baw foumbhai ihistpoesilde ta

Dot e R K YA IS L ke S SPRELSEL FRBLAN, b PRSI AhE T iend| 20

grve 80 egreée céen exl of the
25 @Xit padst IThese strAGuRh ssme asturi dhefdy@o thkkystéhe I thiy mdines tefinvnésn einsposed
in the circuiit board 600 are ranged along a first axis LL _The |ower pair

of vias MOV gongnrensly coupled differeghialdrace paipiem & poind thi i nogyinally betyreen Hhe
conductiv\gaéﬂ[i@ce exit portions 620 are of enlarged width and extend first
along that Tirst axis toward each other, and then at an angle outwardly from
that first axifs sttalapore, 3large conchtatips pf chemiygpoaire et theBair of Eds@0914nd imhi ch
pref er ablrf}/dextend%gtransvers to first.ax a i Iug%lr ated. They then

g

turn al orf§id "PEFIPLYF IR LR I Vit Rofighs Iﬁi@/h‘;"g e?’%"ﬂé” 180 OIS, R 8 ac e
613apf i t s52it Relichear®foiriedeo BHeRRds biyvAG@f Srntiler 35ithr GOAToh OEE2. aFHANGlaPeedlWil® axi s
AX3, that is generally -16 WO 2005/081596 PCIT/ US2005/ 004469 .
portions 620 are further joined to the via plating 622 with what we describe as “flag” portions
623. These flag portions 623 , and in part, the enlarged width portions 621 present more metal
plate area to increase the capacitance in the area between the vias where the electrical energy is
concentrated. The flag portions 623 give a good 90 degree centerline exit to the beginning of the
25 exit portions.
As shown best in FIG. 11, the two pairs of vias disposed in the circuit board 600 are
arranged along a first axis L1. The lower pair of vias in the Figure are a pair of differential
signal vias, and the conductive trace exit portions 620 are of enlarged width and extend first
along that first axis toward each other, and then at an angle outwardly from that first axis along a
30 second axis, designated AX2 in FIG. 11, which preferably extends transverse to first axis L1 as
illustrated. They then turn along a pair of bends 680, 681 that have a radius so that one trace

613a fits inside of the other trace 613b and continue along a third axis AX3, that is generaily
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parallel to axis L1 and which is generally transverse to axis AX2. In this-
manner, a constant spacing EE may be obtai ned between the two traces from
the area XX where the flag portions 623 extend out toward each other to the
area wher eyld'\goSaslidogPOrtions join the signal transm ssi This is
to provide con??ar%%gs coupling of the differential si gngﬁly%c sogg% FIG 11
Ais atop plan view of the exit portions of a pair of traces. In this
enbodi mrent, the two differential signal vias are surrounded by a

dogbone- seallel i Ll and ochieh igigenprallydrapsygsse temdaAXi2n Irthis manneps copstanitoned

above, ang,gs, :‘o gego?a édq)etvl;laieﬁ (RO HalE Hom %Ee}%&i wﬂg{egl%egﬁ%?ﬁ%g?m the

traces take the ag-type structures, are e areas in
| i eu of té¥3rextend avtdewhrdadiinathevia thefaraanvielethe exis porfibesieinth@signah redsissivgy ease
area and al so | ower

the capaciti upling between 10 the traces. at the vi
the indu_catr%ﬁ%@. ﬁ%ﬁ«%t?lp i cﬁ"PP’B’_r?é‘SSﬂ“?ﬁn 53@%@&&@@6 8PS (ext end al ong a
firss axis) tqani X Alatop PRn IRV Srekt S@RRHRIN Ba PAis bARKSs. NRHMEEALLSRedt” aces

in their exit fromthe vias, and subsequently, the exit portions extend out
from t he the twp ¢idfetentinl signal| vigsgresuswgnded baxidoghinestyle opaningdOd simikae if thatst  axi s.

b : . fol l . di f.f . f.] . al
theaxi s TRV PHERE 8. At ol BARERGS% o Tisiied W i TR REBs enf iiords e

axi s AX3.7280f shelttacestakeAN2 furtit GNTlagagpe s@tctoles, avthich AXBlatsipdifdas ik litw oftBh 1S a
top plan view of anotcfg %bodi ment of the invention showi ng the exit path
of a pai rifa5ps EYHRRRYPVET thgcias. dBesemlalnirgasingrpase the qapacitys cobpling betwsey | oi n

to ggpsi gn]gé tradel SNAET SHAAnk bRE 1WA f_lhe-fﬁtﬁlcfaﬁé’é?gﬁlgﬁgg gbﬂfbhk‘&‘l@o%ét cRRhdnl ONS 555

as part of their exit portions wt enl arge areas t exit fromthe
vi as t owentler éexd¢ndaidngra fabtomip) tomainiain the dGSited sdpatatien tismoesbed@echThmtrdceein

I nside of,t.he .ot her trace 550b as jt,cur.ves .back, upon iLtself.to the signal

t r ansni sst}l%ﬁgx‘ﬁ&?{g ther e %rhdgs“gﬁu?wgt th%%%‘gﬁ%oﬁe%éﬁn Iof‘lgl%r?rflilﬁsf\l/a@rpé’étmtnﬁ t he
axis Ll . aldng s#u¢etdndR@istwHielbinfeidetbid @e firktraR14€ HiSn &e B&dnlthit iad trddasfoBpRtasé mat el y
five distinct bends in_it, with each bend of the structure of FIG 13A

bei ng i dehfereptgaths,firstadong theaxigLbhen waendylons the pris e and dhendastly slongence
whegsthe gf 5:8?33@?"1&%98%!1@%&2%’@%&? ':Q'd%%ﬁés'ﬂzﬁf qground reference plane
above t patte

590 Ts shown superi npose e trace exit efn. In this layer of
the circuit b&FGO3A Ba toeplen eireofphather eadodiarwdt sftke mventidnashowingtierextol | ar

portions 591 are fqund., They are shown as lqcated in_a |ayer aboye the trace
exi t patt@a}ﬁfa m?ﬁ%‘iﬁuﬁtﬂ)\’ﬂ%acﬁqgsgé}ﬁﬁeai’ﬂﬁ ‘@i‘)#sﬁ ‘E‘“Pg‘f 1 'é’r?e%ﬁqi?i/t he trace

exit pat tigfmbmisdiBe life §422 'FHéQraGés%D(i'nde(ﬁﬁﬂag%gnfoH@SS%%art'o’PE&ir%@ﬁ?@ﬁ?oﬁwatﬂ the
ground plane 590 and they are | ocated at edges of the openin 94 formed 30

in the gresiangedplaipareasthat eaii Sionpths vios towaed cagh other alongan axag L gneibf the traces51.
Cne BT g B0 o 318 RO ol SRR 21 o
593b is gie poltidins 552 daseCindé gehevillly frafidversp i the atis ditf fTae exit patioms fgAkdr vi as - 17
Vi 2005/ Ot§a]\}§rgss a gghr/thlitsgz%oa%/pg)gﬁﬂa?gly five (iistinct bends in it, with each bend of the structure of
FIG. 13A being identified by the lines B-B and each bend representing an occurrence when the
trace exit portions change direction.
25 A ground reference plane 590 is shown superimposed above the trace exit paftern. In this
layer of the circuit board, the reference plane 590 and the and the annular collar portions 591
are found, They are shown as located in a layer above the trace exit pattern, but they could also
be located in a layer beneath the trace exit pattern. There are two ground vias 593 that are
interconnected to the ground plane 590 and they are located at edges of the opening 594 formed
30 in the ground plane that encompasses the two differential signal vias 551. One of the ground
vias 593a is the primary ground via that is associated with the pair of differential signal vias 551,

and the other ground via 593b is one that is associated with the pair of differential signal vias
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that is to the left and not shown in FIG 13A. The pair of differential
signal vias 551 are located closer to their associated ground via 593a,
bei ng spaced away therefroma distance W, which is shorted than the

di stance Woidd€osiBsl ¥ 1S spaced fromthe ground via 59 |l ar col |l ar
portions 595 of these ground vias 5 have been renoved g@@%@\ﬁﬂﬁgﬁgt he ri ght

hal f of the ground vias in FIG 13A so that they do not extend along a
circul ar path of 360 degrees., r, it is preferred that these type of
annul ar t 'O‘FFQa'geb%'rat“idc?ﬂ Smﬁ’ﬁén%[ﬁéed extent of about 150 to 200 degrees,
with about 18fheqRgofaSTdraHiAkighl Ghessede lobhted closer 4PMEIr bSokiaRY GRURAPACI ti ve
coupling between the signal traces exit portions and the non-associ ated

ground vi%BapEmg spacedppay theeefiom udistaneccy lawbich rsherted thanthe distanns Wathace exit
or br eakgérgltv iggga}cgcgﬁaﬁe{%pgmi%gw mmpgaeaﬁsr rﬁgbgcp,lstvsgs% ofmegsgleh vig the

pr esent arrangenent, two coO race a, 450b
exi t5 f r omava bpai emotedoss showvmbdie thevighthalOdf thedfidundMiss ie FIG. 130( 4o thatsheyfdotdese

traces 450a, ,450b i ncl ude race porti.on 471 wth ti ght bend radius
that is PRI Rt sf@réea%c‘%%ﬁa{s Wfﬁ%ﬂf@?ﬁeﬂﬁr_ﬁgf wnw@r trace
471 may Q@aF bR BSvAEAUMR Bf 726K]1 3808700 H%ézefs, @féh hBout P30 dlgtde@bdiig €X1 €nds

fromthe via 401 toward its other paired via and then-turns upon itself.
The si gprefeitedinThip érdonefo nefizos capaciivye goeplina pettweer the signalracesexitrpottions agbr t | on

that extends fr he vi 401 to the other paired via 402. The trace
t hen con@?gé%g&\%\?lf‘tﬁ&)g%éﬁrU‘gc?a%%rtion that is spaced close to the exit

porigi on 471 dfIGl beillustkees anbther dtyle bhtiscuitanoeexit dbtdakbitpatirasemaastedin t he two
traces is intained as well_as sim|ar path |engths. 20 FIG 16A is a top
pl an vi edfopateeqyithithe panples ofithg Rresenbinuantionn Infhigafrapgementitya fondyetpiec. 134,

a groundyfRf e5RNeRILRKARSSHPES dFRREEEINi4SBI, RVOMEe ﬁitﬁ%ﬂ@ﬂ&tl&é@@tr&&?ce exit

pattern. In this ground reterence plane, the associated ground via Is
spaced c#dset50baclive opatracegfortitinf 47d rveitht 4 tight beridgndibs thabis nestedhwitlsin theeother

non- assogi ated. ground vi.a. .Thi s Figure shows .hes ow.the exit portiap 473
(Tt ot iesponR ) okt P Ao RR R Rl gt s rop R 4l o
i N 1gr der infthilg sk teisifidin #he vidud136patatsiofher phitkt ARCM2 ahll then@tink GEURSItsBICKhdIpON

itself at 474 at a point where it may followthe interior of the outer via

foltow .
at a destiguificasbpt efithis stresture Ay e fpund in the ipitipl portion that exteadhent fiomdbeiVigent of
a circui b . AN i X : i nci pl es
o “the piUdB bRt phirRPlih 367 BUISE Uh Soninles PREPLATRE Fortd hal (95pld 17 0
t hat ar eclosrtotie: exit partipnidfii efithe ionteuvig.  frothisdnaniibee beth tieuklesehesa ptith? 0o iraces hown
in top p)Jan.vi.ew 30 fﬁf;?’? I t, canthge een to include six pairs of vias, or
t hrough Hgtawyain s spifas g etely through the thickness of the

Ci rgui t boar FIGOP6A TNASE plah Ifew/ KFIG! €6, 2R f LAY, lin & AL ABNIPIIEG. al ong
both the X and Y direction (or up to.down and right left in FIGS 17A and

17B), antBAlaegyound referpnreasy soparamseaithgsstoys pORAeEY the trace exit pattern. In

this ground reference plane, the associategd gi"ound via is spaced closer tot he pair of differential
signal vias than is the non-associated grmjl'nd} via. This Figure shows best how the exit portion
473 first extend out from its via 401 towaird the other via 402 of the via pair in order to establish
25  the separation distance. It then loops back upon itself at 474 at a point where it may follow the
interior of the outer via at a desired separélti(jn distance.
FIG. 17 illustrates another ernbodimént of a.circuit board exit pattern constructed in
accordance with the principles of the preéent' invention and which utilizes a series of plated vias
702 that are formed in a printed circuit bdard. The circuit board 700 is shown in top plan view
30 and it can be seen to include six pairs of \}ias, or through holes, 702 that extend completely
through the thickness of the circuit board 700. Theée_ vias 702 are spaced apart from each other
along both the X and Y direction (or up to down and right left in FIGS. 17A and 17B), and they
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are preferably plated on their interior surfaces 703 so that they wl|
conductively connect with conductive elenents inserted into them An
anti-pad or opening 704 is also shown, and this area 704 is an area in a
conductiv ef erence plane in which the conductive netal ., i.e.

pl ati ng, ﬁggg%%%rgémved. 5 Inportantly, this area corﬁﬁTé?%PV%gﬁé%rrpasses a
sel ected pair 710 of signal vias (and this pair is a pair of vias in the
right to left direction of the Figures). This pair 710 of vias is intended
to be us#dpwiarsblyplpfed on thdinintesiogsiafacesi70g 6o thet they wilhtondnaively doheectvéis of t he
pair 710 w 0Sl.Liv +) voltage of a given nmagnitude, while the
ot her via&%*h?ﬁgg%%$ﬁmgfﬁné%Vﬁ)%%PTy a negative (-) voltage signal of the
sanme magni t udeAmatidesicriobating hovie alsd Hesen, imbthidiatdactne i arbdresingnahddtiags 10

collectively copstitute a differentjal signal via pair 710. Two other vias
718 are sHB fﬁ-‘?&“ﬁ%é‘ﬁm W‘B‘éﬁ’ﬁagl?f{“%‘f?éag b o glesngdRaberndseved (FI G 17B)
and $er Vergas el afe@éomﬂi&awﬁ&bn?p%sseﬁQeeic&édepaﬁona%%ﬁﬂagd?@atsﬁm tﬂfs&g@% pl ane

| ayer 700. "The non-conduct’i ve ppenln? 704 is seen to a ese t ground
vias 718.apair efivias iethssighhterieft diseationiof tho Giguers). rHuepain? ¥ dfoisésintaidedtotbee

di fferent] ' | via.pahtl. I npi,ng of..t.he.circuit _.board

traces asﬁst% é}g?/thggfetr er¥1ra gsr#fb;l]g{r%uét? F Z%bon-(l)%}' ?\t/lgg'gasioﬁgf%& s71g WIW"H@,’*‘P‘PS&&’-ﬁ I ke

portion 7@}volfgesta fivagmpgiitudenshiltkBe othelvielss the pait 70 widll odrrl amggatiggpynt  (or

wi dt h) oflconduci %g material as c npargd tothe width of their final

associ at e¥Pliges vgfet offfe sang magnitude a3 described pbovga dbesedwo diffratiabsiabviene si ze

of tige " " ] ' : ; | i citive
10 péciﬂte&wefy%%stﬂt?eQ%iffé?@rﬁlapéi%ﬁali‘.@iaé:h?gl(ﬂof&b BihePGs 7181 SRR anG AR

coupling between the two traces eXitin romthe via palr ge 20
si ze of tihay bid mgitioned dlong ¥ddinmen axisL1 (FlGel Ttand sershacgpered tiasiaamauehlas ng

between the two trac f th aif 7 of, signal ,vias in.the horizontal

o ame of - DrErE Rors B ool around et sy o Cpsaerpaic R apthite, 0408 SesBen

est abl i shagl: hedew8Rrdune viagg18i gnal vias 710 in the vertical plane along the
path of the vias through the circuit board, while these flag portions 712

form a transi th 8Hs grbadiraent; ¢ixcait board trgeasate qopngciediie e differautial vignal viggairct i vel y
| "onas oSt BRGHAREGE 0 chlh okl 8l s AR A2 110 B Bl
t ransi t i owidefftagrikeipertioaril R c Ahesplfiap portions ‘'HE ihlnd ezomelatiivelp lageamadiing (dr ivadgh)
ortions 712 are preferably evenly, sized d are symmetrical, in, order to
P ovi do- of confehudinen 2 Ymres i77af uhl odhs B S RHaArrSt b iE ol ong an
axi s t hat THiyOaraRRiteR thekdaSes thaHd sizeb? tiefpMicd thatRdicBfEI S eiRe mgFéﬂtiaﬂaﬂpr tions
712. This is preferred so as to create an equal 30 path length at the
begi nni ngnereaseheapasitive epyphng beiwea thetwostraces exgting frong the viaeair 710 b lagge

; _ \ AU C h
P adle siteh iR TR g shiyfs EWRANL LihabfiCe ARplBE0LFecBRE, BECOPE NP,

circuit bhapar7lhe shmxltvigaintholngizédtadl pidnetolfi thecircaitibdard. 1BreVibu2QG5p4tRil696

PeTl USZOOCSO/ugl?fg %3 been established betwéen the two signal vias 710 in the vertical plane along the

path of the vias through the circuit board, while these flag portions 712 form a transition of the
traces into the horizontal plane. ThlS effectively increases the impedance in this initial transition
25 of the trace exits from the pair of vias 710. The flag portions 712 serve as an initial transition
from the vertical plane to the horizontal plane.
The flag portions 712 are pré,ferébly evenly sized and are symmetrical in order to provide
a constant capacitance therebetw'een:.' This symmetry extends along an axis that runs between the
pair 710 of vias and between the flag portions 712. This is preferred so as to create an equal
30  path length at the beginning of the ekit: so as to establish a zero (“0") skew. The flag portions
712 re-establish the coupling in the horizontal plane before the traces “break out” from the vias

and continue their circuit paths along the circuit board. The next portions 713 of the circuit
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traces include the break out area and they are seen best in FIG 17A, where
It can be seen that these trace portions are preferably of the sane w dth.
Their route out fromthe vias attenpts to take the shortest path to get to
the main t WP ons 715 that extend al ong the edgesPGFUBRESO0MM§BNI ngs 704
of the ground plane. These main trace portions 715 extend al ong the
intervening, 5 thin web 720 of conductive nmaterial that separates the two
anti - pad taceamciudé tetbrakedt srga dddaeheyrargsser best IMFIGHi1 A | ehae it cad besepathat of one
of the t exit portions of the frace m..cs.the path of .the other of the

t wo trac\é\@?se,&mg?g‘ﬂ“%???%fe?% %ét{"f W@%Wlﬁh@“&aﬁo %O'étefg}?" the VAT @HFRPS But £ rom
each f| agRomk ktHeéilrhth RYE! oIRSBaifiltidbe RRAiSHsTS thhal SxtBREAlos Me BBIE ohtD an
angled leg portion 714 that extend fromthe 10 stub portions 713 to

| ocat i onsomeniggk ¥ oofithegigwesd planendibeseanais erpeanortiong 7d foxtgeq aleesthe iferveriegl ar eas
704. (Thesg. r | -t . Gl rcuit

por ons rave 744 s B bR ol Sorblde R Bfirdg it R Bl e

i nt er veni Figures binphis kégaris thaathtdfahe sfthatved exitgoetidnaof thgnmoathimpicate pathesti Ngs
704. The éi r@uit %ace flag portions 712 and transmi ssion line portions 715
are separ'Rf 8ther ofghe BYLIFAC8Y her by a cormmon spacing. The ground pl ane

i nterveni ng web ¢thB pBRfoh 798 o e tridfes Chrlhe s%zxéeﬂt&dﬁg;amﬁaﬁ; &ich NhFpdHigh G Web, -
whi l e the ground Ipane i ntervening web portion 720 shown in II)ZI G 17B has a
| ar ger r edndithese smg dotionT Rl lsmest ipnd patehvitfantangled lagportioniddrtbat extend frem the

acc l'i shes the | pf._.gettd t he i | ce | o t he ground pl ane
oy PP s P paronsCt3 ro Reptih bEnd B8 gRiil B 7ET R BAER Ik dinle® S ot b
| npedanc earédsan08) Thess ahgled RigcePoftids 714 hysinesnwilthd hgula tirduitifosdons 7Y5 6f thé
ground pl ane gpening 704 that is shown in FIGS. 17A & 17Bis a |arger size
of openi riEAFHEAL 18 PaRbC fis eprund plage iierveningaveheprtionss/204hal separalothg §49 o

renove e af R LRAR: BRe HBRbortisndAS A8d kRS Rt he
verti cal r%%qlngegpﬁa?g%?éurs bet V\eenetﬁgﬁq Baisjrﬁ?lo 0 %lﬁgsrllgrfﬁﬁ\jei%gg 782. 25
Si gnal Tr'HSendscpamiteStfiomeeath pthegsneetmiEeGPacing- Tiaprohidgananenaningmead” - st yl e
arrgngenent .800 of. vi Xit, structures. ir.of , differential signal, vias
200 Tare |t PO TR R syt 53 doRond B bl e onnd b ey fihdet | e
to left dioresit 7205hewn SEIG U8 hes a her Rldtive SidthICTRIE €xi@ path BE SR cirvdlt Hdagd 802

i ncludes flag portions_ 804, curved portions 805 and trace portions 806. A

pai r of drasemeropmplishgs the gl of getipm i digaal suceslose frtheraund plsar faygusing the
differ eméhﬁh%s(‘t; P&@ﬂ:lle ;Yzitﬁﬁn%ﬂe]% 8138 b RFRidE n%ﬂ?in{éa%gﬁfée\ﬁ‘ah idd ¥ 1 &%ﬂit vias

802 along a I zont a These 'ground vi as are shown in phantomin
FI G 18 asystemi ncl ude angl ed trace portions 812 that begin the ground via

BX1 LSt T UG Ur e e aP &6 P blould SlandShehing T Barts Mdws m FIGY. HrE PorHRE40°
larger size of opening than is shown in FIGS. 9 and 10A and this is done so as to remove enough
of the ground plane so that is has a lesser effect on the vertical coupling that occurs between the

pair 710 of signal vias 702.

25 Signal Trace Triad-Style Arrangement

FIGS. 18-18B illustrate a “triad”-style arrangement 800 of via exit structures. A pair of
differential signal vias 802 are illustrated in FIG. 18 as spaced apart from each other in the right
to left direction of the Figure. The exit structure of these two vias 802 includes flag portions
804, curved portions 805 and trace portions 806 . A pair of ground vias 810 may be provided

30 outside of the pair of differential signal vias 802 and they may be aligned with the signal vias
802 along a horizontal line. These ground vias 810 are shown in phantom in FIG. 18 and

include angled trace portions 812 that begin the ground via exit structures, enlarged portions
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813, thin portions 814 and a relatively wide center trace portion 815. This
wide trace portion 815 preferably has a width such that the edges thereof
lie beneath or outboard of the edges of the pair of differential signal
trace porty@ngosiBfsos Thi s rel ationship is shown best in gehasdiBneald the
vertical separation of the ground via exit structures and the signal via
exit structures is best 5 shown in FIG 18B. FIG 19 illustrates another

enmbodi nent O‘L atriad exit structur&ﬁoo in which theﬂ_gr g vias_ 902 are
| ocat ed SUBsihiePortons gi4 andpsiatiyely siggpenien agepogiandi 5t FBISWide XereiPRttion exi t

Struct ur &15lpk&aRy nhdewhRitich Batithe Qlgds Meer&f GR BLnAirfot oAbk éapestd?%es' gnal
vias as opposed to being showmn above the signal vias as in FIG

may cons|pde‘r0fﬂﬁﬁr®h§rﬁmahmegpmw8@ﬁ akhig rglajenship labhcg’wefebshmdﬁ@ 1§Ac aX| S
LI (FIG 1 ac X g this
axis, but’ ?‘??81 StcP%{%téo eX|ﬂilS gmf%vd%%’ufrt%mh% %n %?hc?%‘ ale%e’a res SE‘TE\ 19 and
FI G518 ah@wnm‘}flaeusmrom LI and are aligned along a second aX| s G1. In sone

i nstances, the_si §nal and round trace exit partions % be _aligned along a
common axis. MOcRlpratesapp *“?‘(?Fﬁbpﬁlﬁ!e“tl%f,@ triad gt stpuqre YRGB othichahe ek are

arranged iy o bfd lé&tédao%@uférbf\f‘ﬁets%fah@ia@@t%h 1&%&%&”&6&%&%&&45

arranged at the vertices of an i1haginary triangle. The vias 902 have
angl ed eiet opetaittenside e0the kighal véa dshowndeelosi l@hSIgdeasangpm)md @rigingtshewn | ead

to thin portions 9 t struct. s sho n FI,G.. .18B, the thin
portions ggﬁtgfé?lén%g’sais al Wﬁg g@e) gj"teﬁ'éaygfpstl&letr%gcsé@ Q%’rﬁlr%%'@rq%naéa{? gf he signal
Vi a$0 904 alinedr iz al dmitdnl axiszel ﬁmgml ThOflgH-SHaPell &R Rkit Pertiohs Arbgligikgt em near
the flag %rtlons of the signal exit structures. The 20 two ground exit

traces 9BOngIiiAaxinityt the faed et Rostions fomthaprpund wias émmlﬂfﬁ%lf@nﬂﬁé@ }Bare
| d | 920.
2 oned, Wik i RADEOB R ookl ORI UGS hishls Gk hd 20

porti ons graunditabd gxifyeations miagibe allgwdramng(awbmammfsr diroah be s@lnc&mdFIGz 184, 810,

902 with wi portions 812,1910 that Wdo to t rt|05814
912 as tth%iaI%FQa?“q‘H%F?ceag@&EP%&eéd“%F"{iﬁ&{’s gt ‘H‘B s&gn@ j? @Pgt 0
forpa wydgs qmﬁgnmgléegdf%mﬁwmdngﬁe trace 815, 915. -21 V\D 2005/ 081596

PCT/ US2005/ 0%4469 . A dircurt board for use in differential signal
appl i cati ons, TilhEm@nd E!ax? EOchdngied/m‘rg)oahquﬂO thot lepd tot strdight pastiostl lané used

L0, convey,dLiRL A biliohl 8381 & AU SaL L Sl FIBOTES o BRIRKAGITS. 2

gr ound pIane Ian avi ng an ‘operi ng
5 t hat ermomq&sms::&amﬁbr@ﬁwbhletrd:tefsbp;freﬁtﬂalrabr thé gg&il viak 864 1mderwtr@ﬂ1miz¢rt her

abuts an%}ggglrto %%Iugld C(?lell\Illlg g? the system near the flag portions of the signal exit structures. The
20 two ground exit traces 912 then join together to form a Wlde center strip 915 that is aligned with
and beneath (in terms of board layers) thq signal traces 920. It can be seen in both FIGS. 18 and

19 that the trace ground via exit portions irﬁtially t?egin their journey out away from the ground

vias 810, 902 with wide portions 812,910 that natrow down to thinner portions 814, 912 as

they near their associated signal vias and then join together to form a wide, common

25 transmission line trace 815, 015.
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an exit structure that defines a conductive path fromsaid pair of
differential signal vias to two corresponding circuit traces on a |ayer of
the circuit board that is different than said ground plane |ayer, the exit

structure | ' two enlarged flag 10 portions extepdi om sai d
vi as tomargRgﬁﬁgﬁﬁ%Pvening first axis, two angl ed portﬁgﬁgg?%éb*kg

I nterconnect said flag portions to said circuit traces, and transm ssion
line portions. one of the circuit trace transm ssion |line portions

ext endi ngChAIMS: an edge of the ground pl ane opening and the other of said
circuit trace transmssion line portions extending along the one circuit
trace, but outside of said ground plane opening. 2. The circuit board of
claim1, Wher e\ cirgitibcbaddi fbf esedmtlifferentialgignhl applisatiang] theadidtuit bodrth bavipga paiof

I al | i gned, al.or is, 3. .T Lrcyit hoard. of clai
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board of cl ai rgoshprivih@rein said circuit trace transmssion line portions have
wi dths that are Fess than wi dths of said flag portions. 5. The circuit board
of claim1, wherei g5aind plang dpyeo fhei meind plang Javer havingdinfopering farmed iegpiml  vi as

o0 SEP2C 2 B MR RS SRR 11,
presel ected spdeiagg, equal to the first preselected spacing. -22 |
an exit structure that defines a conductive path from said pair of differential
signal vias to two corresponding circuit traces on a layer of the circuit board that is
different than said ground plane layer, the exit structure including, two enlarged flag
10 portions extending out from said vias toward an intervening first axis, two angled
portions that interconnect said flag portions to said circuit traces, and transmission line
portions, one of the circuit trace tfansmission; line portions extending along an edge of

the ground plane opening and the other of said circuit trace transmission line portions

extending along the one circuit trace, but outside of said ground plane opening.

2. The circuit board of claim 1, wherein said differential signal vias and said another pair of

vias are aligned along a second, common axis.
3. The circuit board of claim 1, wherein said first and second axes intersect each other.

4. The circuit board of claim 1, wherein said circuit trace transmission line portions have

widths that are less than wid'thsfof said flag portions.

5. The circuit board of claim 1, wherein said flag portions of said two differential signal
vias are separated by an intervening space of a first preselected spacing and said circuit
trace transmission line portionséare separated by a second preselected spacing, equal to

the first preselected spacing.
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