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PREFERENTI AL GROUND AND VI A EXI T STRUCTURES FOR PRI NTED
Cl RCU T BQOARDS Background of The I nvention The present
invention relates generally to circuit board
arrangenents, and nore particularly to via
arrangenments that are used on printed circuit boards
for high-speed electrical transm ssion applications.

In the field of data comuni cation, data transfer
speeds have steadily increased over the 5 years. This

i ncrease in speed has required the devel opnent of

N PR R AT GRS ANB NG E R T STRUCFURES RINTED

O OoS—Ttr—& =) ct—uoSt

in data transfer and s SUTBOARDS ¢ ons. I n order to
obtain an increase in'the speed at which electrica

Bagkgronnd of Thednyamdiont ted, it is known to use

di Tt Al si : O
used e Sipt i Echres BhhRRo Rk Mok Byt Em T TRE e
paftRATEE ko vid Shfndefeais@ldt afeantd eaprinned cifduitbeads Girdlighcapeeddectrical

have one or nore twisted pairs of wires that are
trapgynissien|appbigatitnér al ong the length of the cable, with

eac u i st ed ir i n NGCd -
ass E'&ﬁ-lgtq% Hf ‘\é}‘rd%&ncé’ Fﬁ@lfgﬁ%, lg?’d_gtﬁf%ggfg{ %v?ng%t@)ge %galldrﬂg increased over the
yeht¥ PR lihcYeds € GRIpEI has QéfpliredBiRidavaloshat af highlseeg @tectrbni€ components

one wire of the twisted pair will carry a +1.0 volt
fosusgrimthe telogoimnaurti¢nsions field, supl e Ipternenuserand gisia data trangfer and storage

. -1, |t .signal . The wi i 5

spp gt o0 &idonls et a5 Hrenne e Ukl BRUfSh Qg gt

trahﬁgittté{rifriﬁﬁ_lﬁﬁﬁﬁW§seidﬂff&erhﬁl sig@dls.path along the cable
an

1e Wres are spaced apart from each other the sane
di stTaristed paipwires are sommiohlyatsediatttangmit differentinlesignals anf argaost

cabl e. .the signal. cahbl es.ar uted on a path . .
co R AR i1 HERTIC O oy M GCORY T (aF mRBR b Pllsof wires
th?'a?&ﬁdiéiéﬂ fogbIRM Ity theRhgt8 BF thelcRSIk,\wilY\EhcR b@hitivisted padtl tiding

hese devi Ces have the potential to 20 create )
eneirded byareagsatiated gronedifgshéeld.eThese tisted painstypisaliyoiecdives

o BSERaB TN LR EapRee R DR g ppi HhiahEHECo Bl figna,
whiRAHE ler Wir&61 thi Bikstel bk d911 Barryiil raih @lﬂi@?}. tTiRE WirdPaltk A@Swisted

in a desired orientation so that they w ) )

togeilea@long Ve axiscafuhe @btesodhat lsachrafdhre wines extendningshebicslpethalong the
oundi ng shield or drain wire d thi const ruct i on

coBad e e arsnerdl anpr o it SgBE sdent Bypbora Rl h8fkal path for
tht [EhehiogiRNGslel rom occurring in the 25 cable and

affecting the transm ssion of data signals through the

cabl As. the sigoal debles ae naitesk ani npagh wanrelestronipdeYies, thaydeay pass by or near

jntegrity . fromsuch.a transm ssi line tp th .
othghefegiroriy deiccs fhad emiidheit e BB Mol d hiwAeylses have the potential to
crgﬁéélé&mnﬁgﬁ&i&h&%ﬁn& i WSt Mehissioh YingPlshed By the sigasanses.

t hroughout the transmssion line, fromcircuit to
Heoweverithe tmisied painsopstgudtian gbthe pables minimizes or diminishes any induced

electrical fields by maintaining the two wires in a desired onentation so that they will
capacitively couple to each other and to an associated grounding shield or drain wire, and this
construction thereby substantially prevents electromagnetic interference from occurring in the
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 thronghout 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

transmission |line can |lead to the generation of

undesi reabl e crosstal k between the signal paths of the

transm ssion line or elecrical "noise". Both this type

of noise and crosstalk adversely affect the integrity

of electrically transmtted signals at high frequencies
digcontimiitiea irbthe impetaece ofbetigismistios line.r bargarilissontinutigsie the impedance

o S ShnEbe B i Dbl et s iy e s
pa lﬂtofﬁllcstl‘ané ClidAESe Sl MecREAlPhEiSeC B his Hdsse@hd Llosstalk

evi ces. e I npedance of tw sted palr transm ssion
adeak&lﬁsff&mﬂ\ebmegﬁy\bf eibd:tﬁchllyemasmmed tignals aa"sgh frequencies (or data

vl pe o e B S B i Y B el
Wgy @@@&%@hﬁ@&smwc{éw Ltfevﬁleg o QRGOMR LR Sk HidRs Uﬁ:jmﬂfeg%lrcmt
ere a Ca Ie IS M O adcC nnector ere t

boG@ebehedevits. nounted to a printed ci rcwt board and
where the connector is nmounted to a circuit

Thi Jhe ampedanaspfityisiedimair fasrigsiomcadice "&Wtbeégqu}iksgrbgéause it is easy to
m:fmtglﬁrlln,:ﬂem% WS/ rghys? Tar ex?%rﬁ olf&%'gf#%?fj%)gl s Bfid the grounding

rans SSIO e Ccirc |nto a

shiefd) Gﬁﬁh@dandmtlﬁﬂﬁdvm hl@l.lidﬂ@,'(%ncduhleﬁedl ifi ¢he dréwewlsdrg m adbde ixmyated to a
be | aunched fromthe connector into the circujt 15

cohassfon ke theicanneeton 1S HowGIE AIPYniA sicyibhesrd and w'bef%\@e gppnector is

'exit" area.,, Th S ar »
moyfifedtp st STt honE S ISPReA S RerbR 8 M Bltas (Efaufi Srea” where
m%‘afs%‘é lagtihed ﬁ'bﬂ&hétrﬂﬁﬂhssmtlihes & ﬁhﬁi) the difeuit bbrd Gitd @ Gbsnector

oard to the connector or fromthe connector to the

meintesltheretoo htkewiseh thesigasle may be fapasched dipm the gppnestop inte the circuit

[ d
PR B P S, PP
m E}"’WA@E diffebent RBEY 8épc8in B tHEIHeARHYIE AridviireoRd resf thd mgna?ﬁath either
ach

| ayer maybe considered as defining one of multiple
frcph theaircuif beand tacthe cennectober fiom Aw cﬁ@m@ﬁ fudeicirenit bopet: ﬁwrﬁseﬂt

mgqilltlfné tségreftﬁi Foglg?p?o%f&ﬂ(gml%% :y‘%: dn the ldcuﬁ gﬁ lfl 8F&iHreas.

mat gfitcalt baaas aRmale U RE RHultipd layas opdoﬂﬂudﬁ@e a.i?@ﬁéric@ﬁtﬁlcﬁffe material.
this are renpved to form conducti ve extents on the

Ezh ﬂa‘yacmsy bf cankidetsd as defigingonenf muitinle planesyoftherqirepis foard A
he. art "trac

gE e Tyt B zg 2 PR GRGT Badf o s Bt durfucesthereof

AU GilhvEcondY&ive hfatérﬁ?ﬁhcﬂﬁ@h EdppeOil@r plEnS UPSreieesof this are
of the base | ayer and anot her conductive coating is

repppéd tedonmcqnﬁachweayt@ntsmdh@%ﬁae@ of ﬁtﬁdwafdpa‘lltﬂb%fﬁ tmncally referred to

. third npncond i ed ver eqgo
inGRR A, PO B Mner L R OB §F g Syt A Bsequent
ndﬁ%rtdumhmwer & therdpplib@®asitd theSsurfadds BBthe bIéwayhraﬁemmer conductive
conductive | ayers are 2£ pi cal |y connected together
coatieg is apeliedriothat layer and etched ingpsa pajiegs A tmrd\noacq@uglwé@x@rls applied

ovgbﬁsasggongrcloé%u%% gxglfjaglla t‘ggfrgéésg % &ea%ﬁ gpﬁlnaglﬂgltl-lgﬁsr KL board is
folrRéE MTHRMNEGER cohducyas 1agers aransicutlyicusnecry esgethel e whatacelmown in

on the circuit board nmay lead to via | a on,when
thPtm PS HEST Aeia {5 Radnitatis difed (rreugh hererou R B g dmer surface of

ﬁ{{&% T Blalth BBl he RAridiS 8endyReif G CThe traces on the
Ing pins or other nounting
c1rcu1t 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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-2 pins of connectors. Pairs of traces may be forned in

a circuit board layer to carry a pair of differenti al

signals and each pair will define a differential

signal transmssion |line of the circuit board. Each

circuit board layer or plane, may support one or nore

such differential signal transmssion lines. It is 5

i mportant to control the inpedance of these
pinsrodenniestorson |ines to minimze crosstal k and

el eﬁ’ta{ljslt § Iﬂﬁ:l&lﬁqn lir/lgi %ﬁ&e A C Hd#cgr'cﬂ% gg C|§ ;a?t 18 rc‘:m%%gtp!ag}? %Pf Wer%ﬁt?al signals
ané@ﬂ:htp‘%ﬁ vAll defthd a hﬁﬁéﬁa’dhﬁ siphal th@siission like HIORE Gllrcuﬁhfbard Each circuit

present invention is therefore directed to a circuit
bobrddaydr deplangm mayisipriozt ang ot motsuiueh diffseentialsigasl trangmisgiondines. It is
. of conductlvtgtra Sfr%g:ls Eevasg cooper.at i \cl)s K and
imgertanh i contral the ypp GRS PIRRSRES TR 0%
elév%;1 quf%rt@rehb@&hr{n%\(ﬁleraﬁfm ORRE AdviRB @Jlth&ﬁﬁn&ﬁl?@&ﬁﬁh@ﬁﬂg the circuit

mai nt ai ns e desired el ectrical

boaddalesigh endﬂaelctrwltlwmmsasthehmcumhmenﬂance of the circuit

board signal transms

S
v e PRSP GicetT i AN Doty et ftfgiga cret
onrrde\ﬁa%%d ek ¥se5}téoﬁﬁh3t19e ﬁ ﬁ'ﬁ‘a{% tfle Gibf GHEdopBaatdy défhe an electrical
structure use 1n speed signal transm ssion
slgﬂeletrzensmnsalog liaeytd ppdvadeea hlgh feve wif dpniatfomal merfodndrice ardwhich maintains
gnal transm ssion |ine on the ¢ board and i.s
thedsBired eerncal Rhagagieristiay, swahy ag the impe PESR tF S thopilyena)
tra\%}ﬁ{ n d| fferential signal traces connect to a via
@ ¢"Peuit board so that each differential si gnal
trace and its corresponding via pair engages in

electrical _coupling wth the ground rather than with a
M&E&ﬂ&@ﬂgﬂl signal transmission line, which is
G Bohdxh@l it board
oy 0 o SR 50 i bow
striEtare fdeusaiin h@rspbfﬁcbl @il t@ansﬁnsbmﬁ whhereft & grotind pzlanens ptuvutcd fora

the pon_fiauratl on of a pair, of conductive,di 1‘;& % I
differgmiial signal dgsmisaen Hee oihs Fircuithoprd ang s posifioged W a preferentia
speci f.ical |l f R8it board
]o%agiﬁa l\Jv&t'th r&ege%(trtg %g%&ﬁé ? iFred eﬂ‘(éél g%ﬁlg}a&éﬁglg ﬁ N g? g{ne dird8it boar,
solthaARedN differentidl sigaalarect el i63 doardspondiogvid. pai2 Bngeges imenlectrical couplmg
obj ect of the gresent invention is tq provjid

wigh the graung cether thary wigh & peardydiiferentipy sigaa sBaisecr fab ey e mace up

de ea for mating with electronic

'l aun
Ofcad)r?ﬂ' ﬁgﬁ}d%cmzeuqrcﬁgg(as el éctrical connectors, in which

t he miothes igerieesl obfeel sfdke ﬁrefbﬂt inverdtiod i tbeprcemdel aml 1rr$r(gmd|cncu1t board
traces mated to_ through hole vias in

t [
stiyetaredin vetvich i epnfigyratioa RS B‘ég"f‘ﬁ“%‘l signal traces leading toor

st ruct ur

B 58 L5 e R PR b AT LR oM RE B ces
mSké&Ipemnff&@nﬁalstgnﬁlhﬁmsmhmentmotm theeirpuieseant. i nvention is

to provide an i roved circuit board,constr J;? qrg d that
whe e OBIEF+OLahe BRFFRLIYFRHOR is GiPERYAYE A priuedgirguit board structure tha

m&?ﬁ‘é {d@RELtHRE 2*1a0RI® of 8n 8%t 3RR BrdhAiflg 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
A further object of the present invention is to provide an improved circuit board

construction wherein g pair of differential signal vias are positioned proximate to an associated
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-3 ground via, the circuit board having at | east one

ground plane | ayer forned therein, and the ground

pl ane having an anti-pad fornmed therein that

enconpasses the two differential signal vias and which

is connected to the associated ground via and anot her

ground via associated wth another pair of

differential signal vias, and another anti-pad that is

grquad ivid, dieettcadbemed hivitgattléust cnmgrcﬁlndlpiaine heyerr forvded therein, and the

entonpassing a secondg@gﬁ ace pai r of dlffer§§¥iaL . :
graying plane Haviag amanti-padife lﬁgﬂa a8 ERCORPagies thsdwo differential signal vias
an§IRT LTt h B RHBERBIn T bncPlnofle} pRURN s Bisociaed with
anbtAdigiair of diffederitial gy vids and anotioat iahti-padithelt mpbhtlmedadgaeent to the one

pattern for conductive traces |eading from a pai
antdipad @mdemompa%mg Aarcop cadjaceni paig of @1ffﬁmﬂtl%lr5fﬁnal Vit F)H%Oﬂtj‘cmg 2

end i.n. e e s, one

sePf §ipt s o g M PP B Sehdi 6, DTS

of Zrilarfoiting obﬁ&l mh@redehﬁnﬁédneﬁ is t@ proaddetd cironit @xard with a new exit
portion, so that one of the trace exit portions is

pagem é@taqowuc@pabws éﬁ@dmg fwonomwrdlfé%rﬁéra sigagl yiascihe gHppattern.
1nqi|iuﬁ hm Fﬁcap%gi lon Hg th?J grgé/ s?%nﬁtb\r%ﬁ e?fce &%ﬁb‘?ﬂg&?‘tﬁ%ﬁ exit

poktiod§ %ﬁng RXide 61 4 B@ﬂl@ﬁadﬁﬁéﬁﬁh@btﬁ& yiter. traée exiapertibm,rso that one of the
obj ect of the present invention is to provide an

trapawepqmmns genseeilly spiced Bpastofrenu gachyahes p stnilar apdeqngistent distance

ex air S
mrjoﬁL tbgﬁgwgn%) jon ]gle(ﬂ’l}lq'l t jéef\ﬁ? togflhfaﬁ:g 134?:# {gﬁl:srﬁnﬁlsmgﬁgthe traces
exhgﬂ&nQﬂagQ@m&Mﬁ@ylt board, each of the traces including
a conductive collar portion that encircles and

contYat asother objecteafporpiesent ivention is toprqvidscan paggm for a pair of

copasne e o atEe Sne Rt Bl RE il Gll Gial hd teading to
a diftEemst BgnANrahBAT:E8S BRe ¥ Qi Bir@@ Boafd) ea&hﬁt}id teHoed mcludmg a
transm ssion portion extending 20 | engt hwi se_al ong

coaductime califar porsion that endirclss andicantagts 2 coreipandiag Xafn e"f"rR%‘"“
ff t |
o B s BB ol 165, oo

olrt'?tﬁxslhclﬁﬂ‘lﬁ aR AR ERsedOlidth fodn, B sighalQfairhiskion FBion Wkﬁehdlng
the si gnaF transm ssion line, Still yet a further

lemgbh\\me alofhg ahextent of hetcircuitleorrd bat is §pqc@i ﬁ}ﬂ&\fr% the pajr,of differential

S35 AR, RS o R,  k  Bek n chovs

oﬂd%éﬁb%l iRGrdRr ?einéét Wikl thd o trﬂ{sﬁﬂﬁﬂmmn@ﬂe | ayers, each
of the ground plane | ayers having an anti-pad, th

per iStidl yet a @mmmbnect efithe mpmﬁersvenm@ ig & pravidg a@irewt board having the

pai.r | ff t | al

R R T s R

pm@h@r&‘\gtaﬁd lané WiversD&aaR of the afind pahd RIS hiviag arbirti- lmleﬂhe
provide exits or routes out fromcircuit bqa({% ? l

pqnmemuoéwhtm@nmnnmmaawd@h-ép?lﬁlaﬁ%?ﬁth%%ho grgntial signa

_{Icorrred on the circuit board is controlled by

8§|t|on|ng a ground trace in proximty to a pair of
dl f festens sl aitlgsn abjettroftigspreseiidnednyiofi ar provige airéiitrtoad!'trace

of
patterns that are used to provide exits or routes out from circuit board vias in which the
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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circuit board traces where the two differential signal

traces and the associated ground trace are -4 | ocated

at apexes of an imaginary triangle. Still a further

obj ect of the present invention is to provide an

arrangement of differential signal traces and an

associ ated ground trace that provide a transm ssion

line path on or in a printed circuit board that
logstegrb eraxeg efpndmeEinaryddingle ng anong the differential

S 980l GBI rIhd JBGRPink ol BDYoVi RSN MaRgdelihe of differential

|npedance BF PSR R s A P e PR O T R e T from
signBEtraeled &idi dn ashRpted proad tiade Hahgrovide 8 trankdisdtBlime patthén or in a

circuit board. Yet still a further object of the
priptedsimnuit beard Hiat premiotes cepagitive cenpliag emergthe diffrsertial signal and ground

s gt o e A PRESOIHRS iR 48 A3 BEL byikfom e cirui
boBldSRRTE dtHRP déstiRatfons 68 iHe cRe@l Boarg¢ach of which is

utilized to transmt electrical signals of 10 )
di f fYeet etilt & Airthet ohjedt ofthe present invehidorris tapriovidp @ girenit board conductive

i ncludin conducti ve groun l.Lane | ayer with an, .. .
o RGP R B FELEREF Digh R 0 APt S give vies
disgékéd A bt fRrRatd, 8dch oF GRfth iVhRized & ank ele¥ichl signals of
tructure 1 nclud8ing a pair of enlarged conductive )
diffierentiad signad xcirewith, thg carmatbdardinciutiing aicasductivegroundplake layer with an
ot.her. and bei,ng, spaced apart from each er..hy.an .
OOPHEE R HFrapALEOPITE BHTGHGE T BRE PoRICCCONDSIE Ry Fy ond the
exn%ﬁg&wefiﬂcl&gmh 4 Pait §¥ eNAELedRBAdUCAVS porBbex BARME Alva Y fomAme vias
each other by an 15 intervening space, the thinner
towandtehcinsthaamhbeing apacedjapeirtt fron kach ottrea by apmteriening jpace the enlarged

area of the circuit board, which is oytside of .the i
pogifong sksequeRtly FRERERE Py I PG RSN iko SeRiraisd figigabh other by an

inéﬁ}éﬂﬁg.%g&%, tﬁF thifdRp géﬁitﬁs Q¥ caihg Wit thifi tlabepdHibhs ih An area of the
i hcl pa

one p aspect of the present invention, four
cirehiaboad evhirhay butside ofithe pair ofvint. board. Two of the vias

are designated as differential sigpal vias,and such, .

£ heyl e R0t G HAUCET e Pifels Aapdt 24 BtRg ot it
strtuEt'Bre‘.j'IB bofig Fﬁ‘rﬁdklj | aﬁ;’e&%@khe}?r@ént"ﬂz%ﬁ'ﬁﬂn Fburdfastird FH9Ide®@bn a circuit

t he t and the

circu oar se traces define a
bodid. fweof thalias ugriatigiatals i fisemnial $igme via andas such, dheytinclude

board |ayer. The repninjn Wo . Vi as are designated a
coppsting rprehdhsh ad 2K fom the %Qiﬁfeavaé SEgndE i g & 8oy ofthe
. r . - - .
cifbhf kb B BieF1ER DI sl Sl Bt ioh b o Y MBIt board
layemy The remaiing twd vies ate fésigmatet] iaggrowmid givaland assvehi they aye connected to a
line extends. The ground reference 25 pl ane is.f.orned
EpYnTefeRenReplage, “fr}}ﬁ ‘SP'EG??{%\@YHW B'é“tﬂf_ﬁ?jfe? Bftﬁﬁa“‘flwe'?ﬂéﬁmhef than the
plﬁrn:% l@%ﬁ&%éﬁfﬁ% difigedal é'i%nagfraﬁsmssfﬂnflﬁl%reﬁféhﬂs?lT}ﬁ' %tglﬁxldt d reference

Vi as. e ground reference plane is connected to _
plarfe it Formgd érumchanncic a6 thatTih basf amapening formed theraim hgbencampasses the pair

oners of an imagin four-sided figure, such as.a
ol A Ere oL P B THUDIY Bl PREPRIES AMEieRe> G Bhtpe gound
Vi€ T B EDES/idY A SrdBYd RehSQIrhdls 8N iRfaginady, fo@Lsidddifighey such as a
have a grid, or lattice-like, structure. 30 I'n another
sqparicrrettpagle,abpebis afthelike apd dwagreundacisrengeonianempiehp solid and planar, or
it lnaay ﬂgvhe' a gr{d, oF ia&iceﬁf’ﬁte,ts?rql&uqu
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 conduclive traces that extend in a plane or layer of the circuit board from a pair
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conductive traces leading froma pair of differential

signal vias is provided. The exit pattern includes a

pair of conductive traces that extend in a plane or

| ayer of the circuit board froma pair -5 of associated

vias, preferably a pair of differential signal vias and

each of the traces includes a bend within its |aunch

or exit portion of- the trace. One bend of one of the
oftagsaciated wids, mefetdblms;)zil&f differprambsd gnah siasl endéach obthe thiacay includes a

radius of the ot her, %fd outer) trace exit portion,
bepfh sithiorts 1ayngh op gt pRTtioT tB%\FiweoPﬂFrba%oféaaeto Hare it portions is

I

i HEIRAEE o Gl TR, other a4 B im0 iR o the spacing
ofteAMIHBEHALOEXil portons! ffony edch athet Reengillynciimilhr adgondistert distance

the present jnvention, a pattern for a pair of
ﬁmﬁm&@wlvéd V@lt@&ﬂl’t‘)db@ﬂihﬂt‘?‘i‘%@@"elﬂctl ng (or entering)

ir of es r l. I ;

enah g So B Telrel Ppfiot HegRkimSnaE » @ B paic of conductive
cifciR b&drd GHds RPIAE Qo chiteping)d StXchf réspediive idiftenential sigres vias and leading

i ncl udes a conductive collar portion that encircles and
to @differential sigrab transapssieti lmrge apj the Cigghit board ipproyidedeEach of the traces

o S5 30 B LR gl VB i

fufh@TRRS bR Bxit | E&l‘ﬁon fHaBeReids bR the @cﬂlal' pétivAl asd jaikhs to or terminates at
Increased width portion, and in one enbodinent, this

the signa srapanisdiett Yingy SFhiciesH pamipn be@iu@ﬁsan inpsepsed yiglth portion, and in one
terline.that run m t he ter
it gt ey p O e e bl e e rons from the
cenleBBdnc\i Fererdtihl &Igilﬂ%aetaﬁil%jotwr@ﬁ‘ererﬂﬁl §i b viax tThidacreased width
may traverse at ast one bend in its path to the

peiignedtends ambmap traamsel at [east ong begddn éts mthtt@msmﬂletéanwlsswn line,

g;gﬁgqﬂrg@g%%p%m di tlgﬁfti(;lﬁtto %gt cifgﬁ? é@%p ﬁﬁnsgﬁss %llme to which 1t
Ed‘ﬂ.?%ﬂl ment, the |ncreased wi dth portions have a

guratl on of a "flag" when vi ewed from above or,
fr onin anmihcremthodnnmnheaincnemseﬂ iadthIparienshavelaccopfignretion of @ “flag”,

t | h
whimervediam abaiesr dpar derchin BUBab R Mt o/ BREARuRgate. he
m}:r‘%%eﬁ dad p\%‘hf%'é‘ alk® Eﬁﬂr&fb‘ﬁ eﬁa?dtherlﬂﬁhléﬂohé/sﬂaélﬂg €r$Bupling purposes. The

east one bend, or change in direction along their
mp:ahdedf\mdtml:bhmms shallasually traverse atg]mst orterta:né,mrgb«mgﬂ in giggsgon along

AT e ATt eyt —
m@Erﬁloﬁ\ﬂ%L fia dé bBEnA¥dhe SaraTRAfTdredial %VFIHF tr8es ﬁrcpév'aﬁ& sizé$and

exenpl 1t I n anot her enbodi ment the present
smﬁntalmﬂldaﬁeothcrpedance of the 25 transmission |lines

forned on eC|rc artlcula
or | KuHemRIGR frethet apefimental thsRsgnintsffia) dgieilidbe of te
trﬂﬁﬁﬁ&io‘ﬁﬁim@ﬂf&n% Qh‘ﬂﬁ chib@AEBoakd) aRd PartiBilidr lc?v the exit Sﬂlaﬁndhfportmns
ferenti al i gnal traces. The ground trace is,

thpmsf mamhea@bnau}lacbbhposntwmﬂw gourddracnin prpxigtigriep peif atdifferential
S5 4 B SEAE Y BEPSp BB P ithe
diffefnBidyer®bf Bk Cietlit bdagBgotthat the threetiade rﬁ@m‘el cgumaetred)as fomming a

best viewed froman_end in a section thrfoT
“triad” of circuit board. This triad configuration is best viewed from an end in a section through
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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30 the circuit board, where the two differential signal
traces and the associated ground trace are |ocated at
apexes of an imaginary triangle. This triad arrangenent
within the layers of the circuit board pronotes
capacitive -6 coupling anong the differential signal
and ground traces. In this manner, the inpedance of the
transm ssion | ine nmy he regulated fromits exit .
cop RO AR HTERA) Figaal gnd RGN et 1 Blsh et he pedance of the
& . . I .
o e Ry BEoted o exRRlons RIS, ML irAicid o
otlp deltiattions oh tigr cdrenil bpardne | ayer with an opening. This
openi ng, as . w th other enbodi nents of tgf i nventi on, ,
enc ORfIh SiEaitpogu Gondyctiy fraceasipgeaent gy, irthy ingludep gonductive

e B0 i AL RS MR Bl mcotin,

enSdrgpisses paiz ©f diffeyentiaMstpnal vibs. IThetgréynd piting pbseelofithe titcuit board
that runs through, and preferably bisects, the .

layeesrthatdiscediacens do glﬁéwewg}lpmm%the gitfeesatial signal races may have a thin strip

. bet d 1SS Is :
T AR ARIE g oo P SRebind AADERSRLE oA i
bigetbt0A§tHS nehstbetvadn ahd andeaivmtor aboviehiee trdnsmissiondine poittioas of the two

conprise the differential signal trace pair and their

diffrensial sigeal vipsoanddo craatea a Fiaderangamant of thethren iraces ak Gogprise the

.signal traces are roquted ou hei r associ at ed
d“?‘f"g’ﬂ_ﬁl‘ Slg(ﬁq;[ ¢ al{wgqgélf%sa??&%;o%%gﬂdtal ong a conmon axi s.
A pah ndhier d5R6f) the\di Fiérenttal SN NIE apd 100@d bhefrem Mieir Bidciated signal
as the si ?nal vias and are spaced further outside of
t

viastes the gjreait beardalengampmman axis A pamwf greungriasis aganged along the same

traces.hayi.ng a relati L de, w dihh ex d. (1N .
ol e Hor i g e e Yo st P38 Two
gri\Ridtelk B desiHa O la8la@¥eOMiaE widtR SxtbRI\GH Plade §jAdeRI totld plhne of the

bet ween the signal vias, where they join together and

sigriabinape eglit petiohDrfronTHe griund wias dawastha Aepieri poins hetvepmehe signal vias,

mat ches .the .cha in direction, or. routin f
wiRES e Bt (PR R ananse 4Ueaihy B ointliah Phisel it ind et the
chBYetih @8ctiof, dritButinz2EtNE diFieRintihilsiSaPahd dsQRG mOVefie tHeirexit
extent, the ground via exit trace has a 20 wi dth that
poirtionis 4 the transinigsion ngpastienst Adongi this extent, g sxoundeiia exilgracp bas a

N B T A
Prefdassy, Me Wib@: of thit ERUANIaRkit rh&titends B&whEDME duter edges of the
presélected di stance, which may include the entire

diffenufiah sighaltvins fromi g preseletedhdistanosi which mag includedke eptiee length of the
.otCer obé'ﬁect]s, features and advantages of the present
SIENA BT/ be clearly 25 understood through a

CoNnsides Aldiotitr 8bjet B erefitlel AV d9arigiedof 8d prasmih@hntiewill be clearly

Brief Description of the Drawings In the course of this
understpiofl Hdoughsrceonpiderghion efithe follpwingriieteilad fescrptian: equent | y

made to the attached draw ngs in which:

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,
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 | is a schematic view of the environnment in which

the present invention is used, 30 nanely, in a

backpl ane environnment for high-speed signal and data

transfer applications; FIG 2 is a plan view of a

krfown circuit board structure with two vias forned

therein; -7 FIG 3 is a perspective view of a via

opening on to the surface of a circuit board; FIG 3A

i s &I higrapenspeditive viket off 4 wal opening @ to shdanefare gfrai aiceid board,

circuit_board with a via.fornmed_in place in the body of

t he FIPr dui%2 Gagramatie delefl t%ewg)fe&ﬁﬁ‘rfwawd EiFE RTAT yitha via

AT [ [ ieoni

ol placs BPRE oo AHnd RuR'opidshd BRBA G R ehiob g cicui
bdagl, weEthe oirt\er bdagd/eavingahultiple geound planedamnged 4sliayersdwitlsin ¢he body or

pl an vi ew of another known circuit board arrangenent
berwrengilier layensof Bie cipgihbeard;appl i cations. and il lustrating

W0 differential si . £t : . A .

sur oy Aen S s X B ol dripdmt i 1 REL A signal
appREidad anddllgstaUngtva) éifferehtidl tsighalrvissloidse greuit ol being surround by an

vias; FIG 5 is a plan view of yet another known . .
nagqoeductive atsn thahisrfermepdiia Acondueive sieund Rignethatsprronsys pairs of the vias;

thergin..simlar t [ .Qj .

t he HaGug P o b B G0 ot Sdard arp UGBS o v

fowh@bthéreR, SiAliaF @afatwhévin [rERIBE 4! ant GvHekein the eRdsuialie Winchidactive areas
non- conductive area, to give the open area a "dogbone"

sugroutidingthb avias aresinigoged vithgesiget 1 the eaindercafithenaprgopdustivg area, to
Circuit board,i Iustra‘aui rl?)eg,,g?dé_e pattern of vias that
gi¥g e open 47693 4ogPONE £F JUMROEH] S@PSnal appl i cations; 15
FI GFIG. b § PpeRdpaitivéividw 6f a dirchitibostdtillieaigy &5-die patter of vias that may
arrangenment constructed in accordance wth the

based or diféesentifel signal pprdiselansi nvention, illustrating a

preferential, ground arrapgenent ' .

D1 ewiGe T eptad v oL e blaing o feg Btorgance with
the bAR&pIesof RO pRbent triventdn! Aliktrath@arpretbRfitial lgrjund Yrrdipemees

and connected to two ground vias and illustrating the

di meii6i dircthe sameavigeae AlG.J% butivathopwisde graad plane daysdinplace on top of

the pair | fferential .signal .vias: 20 Fl. y .
et lor Ty Pt g R Pl K Biarb il and 5 ng e
diffendibfal aBarERRANT thd $hen Rk BhFoudlingMhEpat:yTaefEdrbia 1Al signal vias;

between the ground plane, which is illustrated on the

t op BGr P caparfpettin view pEibi viaorangement similar tertbatof 518 showing the

t.he ground vias, the around plane in nid
P oF et 28 peby<gn e O R WG 0ol o tgg srtce ofhe

ciWu%tiBo&d@@étfoﬁ%@ fwd Bothe gfb@ﬁamm,&ﬁéag@umﬁmneqfaving a grid or lattice-like

differential signal vias; 25 FI 10 is a perspective

carifiguratién, ahé havingargenes ateaofithve pesineter thatenogmpgsses a pair of differential
dllustrating additional ground plane |ayers as part of
sightbVi¥eral | circuit board construction, with the open

ar eapIGe NG RISttt ety PBth aRingdinbAtf @Rk iaF1Gs Yghalillustrafing
t hrough the height, or depth, of the circuit board

adgiticmak greunst plenedaysraasasrtod thegpvellstrevitenapd eonsimustion ity the open
artczrt]seen rg}l)jaqgné/ ih%spag'fof Hffﬁr&\'ﬁi'&ﬂ@&n‘%ﬁi@g 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
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 signal
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FIG I OAis atop plan view of the via and ground

pl ane arrangenent of FIG 10, further 30 illustrating

a pair of differential signal transm ssion |ine traces

exiting froma pair of associated differential signal

vias; FIG 11 is a top plan view, taken at a slight

angle, illustrating a pair of differential signal -8

vias and a pair_of conductive traces exiting, or .
vias|agd A phir feondrctivstages exéfinguerlaunghing tos “breakingpw” from the vias and

eti a differential. signal transmssion line; FIG |
mgﬁ%’f’g&@ g‘ﬁl Wﬁ{}ws&ﬁsg@qg%m ructure simlar to that
showg i N ARk @top fldn vitW of W& iGurelshifilfXd thaoivh @NFIGIS1 13 but where
flag configuration and not an increased wi dth portion;

thesexiit| particichas ¢ flap sorfiguaticnand net apjigreasad wisith pestivnt ed 90

T EEEr20F s e vt Gr 1R RABA SR YRR glishtvporedn
peRpERANE Hﬁ@i]lﬁﬂfﬁi‘ﬁgttl%dde?ﬂl $fhiRe visd 8103he b irace bréakoutd ohrcted to the

perspective view of the arrangenent of FIG 11, taken
sighalovreasan end thereof at a different angle, and

oS0 PP PBR e bbb A P BBhn
a ifretelt aﬂgle,t Ar@NAuatihSRow editedit ¥seel EACRSM tiGwoladdciabedvias and

top plan view of another conductive trace exit pattern
illestrasing the irereased wisdthcportionsad thwi cohduchiwe pradesici pl es of the

present invention;, FIG_. 14 is a, pl.an view,of a knO\(vn edi

di f Flpekiy 12 1R BAavicy of agptherfgRdneHy e kg c41 pajiem gpnstructed in
acédr8dnidd ithtﬂqea;ﬁ‘ﬁﬁi oS! dft r%&ﬁf igbdn@Bh; 15 FIG 15 is a plan

view of another '’known differential signal via o

ar r FIgereEnt planividw af pencwn differentind eignad wid drraggerhent afid dpair of circuit

and formng_a signal transm ssion line of the circuit
tragesXHngthEerag; i s a perspective view of anot her

enb %nﬁr‘i&flgaﬂ‘}é&@ 5t sHotHfe? gﬁdgfd @ffershed @ifgn%l{]\gé:ﬁ'ﬂﬁ)é%ent, with a pair

pattern Als ato an view o
of thiaédsek ping ittedrefring amd fotmmge signak tranamtssion lioé ofthSciraut boiardy

a 20 ground reference plane superj nposgd. oy t he, . .
t r addGplft is 8 pRrspesfie Vewtagoter ot of e Sfitezsrihaignal race exit
paﬁggaodi ment of a circuit board route out constructed in
accbrdance with the principles of the present invention
-and RIG 164 sattop plaa vieaw ofithe diffoceatial gigoalttrace exit pasteopefifilags6 with a
formed in the ground plane of the circuit board. FIG
graung rpigrappplanhRPGIBRPesd oksrdhe LR PRI with a wi der
spaGi;Ag r irduRHIRA
o oI AR o Blaf P b cotbd R APOGLIRIOER, ool
copstartediie weoofdaacow hie thegminciglesefithe pfesent civiestinn andobustrating a narrow
route out from four [

SpAGing PRI ESH tgoagpprgﬁg%ﬁqg\é%c? %}thé érlggééél%é olhe cqr%mbtl %gargf 2

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

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 amangement of circuit
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FIG 18A is a sectional view of FIG 18 taken al ong
lines A-A thereof, illustrating the triad-style
arrangenent of the circuit board traces in their path
on the circuit board; 30 FIG 18B is a diagranmatic
view of FIG 18 illustrating the vertical spacing
between traces used on different [ayers of the circuit
board; and, FIG 19 is a top plan view of another
bogrdib@es #it§t of a triad-style arrangenent of circuit -9
board trace exits. Detail ed Description of the
Preferred Enbodinments FIG 1 is a perspective view of a

DePARUI RGPS 60k Prfdfell Envitidimentts pr i nt ed circui t
boar d, reEerre dto herein as_a "notherboard" 101 is

i oi ika kis aperspective micy Uiahacknlang gasemblypk04y whirhgRrinad circuit

connect
o crafirefl % er®iap € dfiRepprd: 1ALFFROLEH Feerb G iR a0z by
watﬁﬂo'f bhe& rﬁ&@‘ilel@ﬂdctbﬁs 103208 cdifectdisSIN SR GrOknowrSivtieat; cainect
not herboard 101, to simlar circuits 106 di sposed

conductivecigus m%wylch otilizadondustize traces 205 digpased op p ﬁ'éﬁﬁffcﬁ ef the

matbigbostf £o1 dEriar el fod fbafon Bosseanourh SRRl Rattly. These
cirBfitsUDad1 d6QypiesIRasid th Q&c@&ﬁ@ BdthpondS 104 thiat dre mbouhRd to the circuit

anot her el éctronic assenbly and these cables are but
boarde form of an el ectronic signal transm ssion |ine.

or ns , of uch apsm ssi 0 i b .
e Gebles g g6 par gonser e FEahiy G0 AEHFS. TR akiper lggironic assembly
an@ BREObYes aRth R Be foPtd O ah SlefirdiiYsigriak @adshitss A lRe0 OtRer forms of such
plurality of conductive traces disposed on or within a

traptrmnaon bnes maymmcayporathé ircthe cinéuit Hoards d 04,496 &£ gwms@n@ny and one

h at h
soflelpin asitas e o ot Atk B Songivg et ispr i o plane,or
layéf oF tHelkide (1 bEABC R lelﬁﬂe bf’giéﬁtartbé.ﬂrﬂigﬁfyn lmé i sﬁéx@l inFIGa2 and is

ci’rcuit board 120 is s having a plurality of vias
refr2sentativaofbel circvitthoapisttueture thatris vsed éi the n@Ctrmlcsemé@ﬂwm@y

mounR B % 8 vt A0S B 1156 SR SEKiop S gpaneed ina
paRERE: ea_ehﬁr %E&E&sﬁﬁkﬂ@’d&h&@dhﬂf ti196F ij&ecﬁ‘rohm QmbpdRert Bk is mounted

exten e entire thickness of the circuit
to Heairduil Bard Th@amd ‘alslcli i&]noashmtpi dthe driaall @ htypidally inchgle a hole 122 that

exlfel%sfe {ggcgjrggs%%?g q:sap {}]1?: ﬁg‘plgﬁc l;/ob?cglt%:bz 3’}?%?3@ cl?i|a¥e plaged along their
mlreE@lIsuF@ sG98! %I?tlhﬁ\clag ™M tWEﬁ%?)%ﬁd%&ﬁl ahhﬁlahﬁh@opﬂ]ﬂmg material

e sur aces circ ard pair of
126 ol um ¢ollect at Heastetsetion T thedode id dhversuelacesod ithregrirgw poard 120, A

e.vias 1 , di ff rentlal nal
pagpﬁ PPN YhiGicet b oS i ahebpterdpRAwa Sghy i vias 121 and,in
dlf?&%)&ﬁ @g}gl oh¥ 1&%}‘1@ BvPofdhd frﬁf&? 34 abs will E8¥pkratively define a differential

transm "ST"that | eads’to a connect or,
smlamaﬂsmmsmndmﬁﬂm‘éthnt lcnds tdhecdninkaor, leatcmlq ¢rimpomanirog the like,

be I MRS b ol PRI Bp s wAfte so ko mutcpie
sifgfUfRA sighhs ik lsdﬂc&Jc%a efteidfer&itaNafmat a§ 46dre366h 18 Peftra the top

penet r at
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
minimized, while differential mode coupling between the two differential signal vias is

increased.
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metal ground plane | ayer 405 of the circuit board 400

and having a separation spacing (center-to- center)

that is less than either B or H, the outer dinensions

of the anti-pad. In this manner, the anti-pad is
effectively decoupled fromthe differential signal pair

and common node coupling is 30 mnimzed, while

differential node coupling between the two differentia

si grdke vigsd2] e usphot@alyde mounronhecterp a@d tmnpoamds tpatbcl circuit board

120 Bt R Rl SRR Vs s AR loRethet, eiihiatsd above, a
cn‘é@ﬂi b lsq’%fﬁlwl);mﬁc upt RRAELAIARAL STAfibeAifass tales sﬁbiw Qompound.

circ board 1s typically rade up on a series of
A bbyeg bycjfls apriliet & qioasfshasehl)fm end sietdhkedito foompendudtive téaces on the

sulp il i 7o om0 e dlps et s prdied 1S e it races
ard 3 leda t s0d Erﬁfnuhﬁ Er euit bORA B BAReWith §glufhlity$of circuits

app e I rst yer, circuit traces f'orne
exending throughuthe bbard onthetdifiérentdayers theraof ’lmeamasi aresfohncd’tgcﬂn]lmg

ol dt s FECH DR B EFROSIRG T COnTBYE B Ers FRAINGR i 13t surfacesof he
vidsQkr gteﬁ%hﬂrgbyl ¢d Qctmg%eg%ﬁgly gfrlgf gﬁga}%ﬁtﬁwt uéﬁcmé ﬁol@@&’ge

exp I'ng t conduct e i nner
sur fFaG eXillaktratésin enlaged deteail [ layes df thelarabloard h2{ethii cogtains a via

toget her, all of the layers that touch the hol e
120 Ths ¥ia igplater gad ingluges IHNERPEEA3HES Hed of plating maéwf ﬂ@f surrounds the
Ciy gl & r
el 2 Bl & O IR R s oG oliitbotven
th@hablaﬁﬁ% 28 &id fgrotfblefeeiice planélsoridnativellaye 1 3P that shngafdsthe via 121.

may be formed on the board |layer and this i ps provides
ThisgrarGis mavided ipaspride mreteom@ agpiast shgrimpand Hday begndligsavered that the

éuenfg p aélf%ye h%g ceiatgﬁ‘l% rﬁ'ﬁg&c%éﬁg tr%r%%bsﬁsg@t éﬂf&' oltj’gfji? an*\efrom a

pamuﬂﬁerﬁaw@anglaanﬂowéveh agithaRtrdEEROMR RS G thatoctiie bétﬁ/een the
gr ound ggane | ayer may detrinmentally influence the

via angriberpaasiof referenasi ﬁlmrcemes thie viA 'gr@ala@mczim tawarddhe refifrence plane.
ent al thlﬁw tructune

iy eSS BebeRiany bERBimct AR R Fere Bt hud il e Highes witn

gaF@éerp%Hnﬁgs mhﬁdﬁ&oﬁﬁ’d@ ﬁﬁ%ﬁ: RR iVéan chsedfgnal ©ABRBh! ThistréMefish takes
he reference pl ane. his effect is especially

enprgy nuiafdkeiovemlbrangmissioa dingbystem.t here are nultiple

90 e, DA AR s o @R Ric HhanBS MeiiBerb M dheR b8, 138 End 120c of the

cifeGit b&£A 1 9P ad PRBthe 2t IRIET BYexRils @&odgriall%vq{eah)bem 129a-c in order to
transm ssion |ine system FIG ustrates in a

mate wethwtifacenmon 24a anfenngt Rafertanes 124y end 124909a, 129b and

129 h h 122
ext g?ﬂ%n %nﬁ‘? ?f‘éﬁﬁ)gfﬁ“} g?%g)qng 2 gf%g tlépﬁ"ﬁn A & eon # girtuiit board is

thatBitRchk iifusEbted aCEIG, %ﬁ@wh&:ﬂamﬁdea mes. PamrNd 602302, issued
124b and 124c. One manner of inproving the perfornance

Augustdi% 2@03cand aggigngd 4o Apradyngsingn Inethisinatent. 1 ciseuit board 1203 shown

b A} A RRALOAD TS 1 AL i

m@iﬁﬁtrﬁﬁﬁnhﬂi&aﬁdadd(lhé' Eifcathbderd 120@onthifls b gtcdind aéferdhce plane 129. A portion
circuit board 120 is shown . . ) ) o L
130 of the underlying ground plane area which encircles the a pair of differential signal vias is
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. Thig structure has ¢ertain disadvantages associated with it. For example, the viag 121 both
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having a plurality of vias 121 fornmed therein. The vias
121 are arranged in pairs for differential signa
transm ssion, and the circuit board 120 contains a
ground reference plane 129. A portion 130 of the
underlyi ng ground pl ane area which encircles the a pair
of differential signal vias is 30 renoved to form an
openi ng. This renoved area, or opening 130, is comonly
act &f eapaigrstio nultiplh places acrass theigap betwieernpth vias TAbandsaige of the ground

Do P oS0 a2 R B P A i e

m ﬁéjgmmm%%a@%é pCTRE 6 o‘f’tﬁli‘sdﬁl}-snf&rw@&ﬂﬂﬂd‘is ah A€eniit &loosely
121 -11 act as capacitors in nultiple places

cwpkabstwm@hpab&lmwhﬂmcmca&y bmlthapd)xam@eofdhe sumepunding ground

rou ane openi Thi.s capacitor effect ten

Dtk 3, S e S et o Pl e es s op AHEFRa sl vis
171y be joined to the vias 121. The use of this

smal | -sized via anti-pad is an attenpt to |oosely

couia. § Hmstrates mogreaknmvramommattonget:hem lwlasbvias, guwhigh an anti-pad

but the proximty of th urrou r ad or
13| 1aAuTqwadiin e gertt?rw@ﬂm@ﬁ}eweﬁv spvie 12 Etppffqogbm overall
“ eg, 4 N{yidl d 151 51 th
SR A g it w15 B e e
138 safrouridingthe pair afiviant21; patdt th&ﬁﬁarrosvsrdmwnm/mdbetweemls the area 136

center portion_ 133 between the two vias 121 b&? &? h
begweandhg two iy bidhenarowingismeis) in @ regaputeof serme ohe vy gctgy that is
| Ghibi
BBALISRE Eehileh BLIE SRR bk of de wyF ol WP R ERiOR proper
pdﬁﬁﬂi‘rhm. IhigRtrocthietrefredensan aitemptite balare tﬂ@fﬂpaﬁﬂhtfﬁﬁ‘ﬂh& j)elem and
two vias. This narrowing results in a recggt#iﬁ ;
todposph@ogglgﬂ@ﬁweﬁ@lglywmage%' whil stith kegpingdae affigity of the w0 signal
area of the ground pl ane
W%) ﬁ’girg[}mlﬁ‘%ﬁ) g%él p%eAr performance. This structure
represents an attenpt to bal ance the capacitance of the
system and to Ioosel coupl e the two signal vias
As rigal Beferentigl; Vip Pogiigning t he affinity of the two
Si g 5 f “ »
r‘ﬁb % 1IIM§ (ét}lé n?flcgllt %#I{rﬁ 9@;@%@%@? ﬁlf'@@r@ e)gf?:rem as a “S-die

via |phtltl§i'ﬁ f@med; tlﬁﬂﬁﬁ NENis phtteznlincludestnd paitd ohamrmhats@s] vias 202, 204
referred to herein as a "5-die" via pattern fo

med
pasitoned en omsge sigestal ,aﬁmg}pclp@g@gmg@%g,vpasz%f Each such pair of
dgfﬁlﬁegﬁ{l% Pvdas 1h&n§<1:s tWo ﬁtl%%i 2009, 2895 hﬁd 336 OQBaTE%gvo vias of

SI't eso a single irnterveni ng roun

cdeR GhchSdiStreRail ba@fare&ﬁnéﬂllfyfaﬁ pedditbgothes aloh §h fivit asis Lrtqkhoskesextending
two distinct vias 202a, 202b and 204a, 204b. The two

fromdewerrleft toauppestg imFIG. d)-c R a@tteamsrrew@d plppe @alirpspion that is

al i gned her, al X h
bR GUACRRLOM LE TS afreicnlifisdbll ipedord DU FURERS i
cdyﬁuﬂﬁaﬁ@ﬁt:&deaﬂhrfg’\@orﬁ tltbind ®Ginbmer ddgadatios on tHeashsuie bodd tzoo while the

the first axis The differential signal vias 202a-b
grRouhvip 203 5 tmpalgv cRARAsteddp AGIRING plane Jayeradisnossdvithin thegpcuit board

circuit board 200,
2%&[9“ 'gﬁégglg&%r oun%{ah?guzsg’gmﬁ@l:[@%l cally connected to a
gr oundhipbypeef lvﬁ)p@fterd] (SpgRad oﬂ\ﬂiffetentlﬁlhgnall vigibath ke the single

ground via in the center of the pattern. It has been discovered by us that this 5-die pattern creates
crosstalk and it is difficult to very finely control the impedance of such a system. The grouping
of one of the differential via pairs 202, 204 and the center ground via is preferably triangular in

configuration with the three vias being located at the vertices of imaginary triangles represented
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205 on an inner surface thereof and not sown in FIG 6.

In this type of via pattern, two pairs of differentia

signal vias each share the single ground via in the

center of the pattern. It has been discovered by us

that this 5-die pattern creates crosstalk and it is

difficult to very finely control the inpedance of such

a system The grouping 30 of one of the differentia
bythabgdling POEIG264 and t he center ground via is

pref Iy triangul ar nf i atjon with the thr

via ?fégf i@ t%e'&a wwa?f aateuig borg S wih 2 .vwdeyqvmﬂstructede in
ool TR SRR At prenliteiren Bfich IERackhofhias
stagpéred so ehmaonleqmmﬂf diffensitialsigratvian Aﬂ’tsdmﬁmﬂcﬁaom ﬂohhttlhasocnated

principles of the present invention in whic

grapdoingdshareinapapximately theggaireef Bepativa) thﬂﬂéf%ﬁﬁ%@ﬁ pair “BB” of
d1$ L1 l%i § gltlal %kas,[ llégﬂ@]he Wa§§01 ﬁAfoﬂg'%g r?ﬁ\%tcﬁg.l Pﬂ:o%lc"c? $00 £hd an associated

soci a ground VI a

gré\ﬁﬁrv@dg 0785 Brovidedén 80¢iQionabiti 41d ppeferably i gﬁdﬂamlﬁzi palﬁof differential
second pair "BB" of differential signal vias. Miltiple

sigrabgaiiB. dihe two diffesential signal vias 343 are petarabinaligngd aloaa a first axis L1

t d. 302 d
o SR oot ERIAD gl i s BRI pU A5 30F sTbleRf gport rom
théﬁ&n@hs YueecabPbetbéh theBvdldifdatvigivhal viewehl a ditedfioBRahsverse to

are preferably aligned along a first axis L1 to forma
thqaﬁtstameth fferential signal vias, and the associ ated

02 is s acey art from,J.O he f.irst
ot Poeelirdatucrncnrt fiv o eata) sioy; va ifupebRiss B Paeine W1
beﬁ»é@h roﬁg HifRPentiB NGB Pair AA §ddGits ak:{o%fateﬁ)gr&lnu v1é’§)2ﬂ§ié§§ than the

hi's structure as preferential ground” via |ayout
sph&@met\h&nspammgﬁwmndbengm@m mireA Aliafd axotiner;j aadj acsntglaalBB of

pair AA_and its_ associated groun a 302 is
differgtia regnal sjpcfg Inthisgeanpgte Hheione P%‘ﬁ%fd ‘H}(fjﬂe@?%ﬁt&%‘i vias KA is biased

| f
B 5 0 50l 0
differeritiabigati! VieLrBB at thei groahd viad92W\dssodatbd asthdhat idiffearérsial signal via

&ﬁl ing toward its associated ground 302 and not
pairdar d ei t her the other, adjacent differential signal

vi aff'?@}ér P8 iR listallS 9(]189%0@%@@?&1@@8&gxﬁffgﬂoﬁntwﬂgiﬁlh?ﬁe or more

eren ial" sl gna Vi a

granﬂtrb@fenwﬂ@ﬁesrwnm dwfcuit Bear@ aRGEOMidddrwiend §pedially covfigated anti-pad
one or nore dground reference planes of the circuit

thissagampessss fiedwodderantiah signal yiss that mpkeemt digigreatialsignal pagair. The
dntggg%gon%pr%?ah %?pggf tﬁu? \%) egr{en[s% ﬁ:@{ éh%kvn% gﬁ@l V»{!l?e?e Ie?é%nce number

ren Vi a pal

40@I1ﬁmm¢sqn@hrdual b@htd?ﬁrﬁh:h@ndl’lfdeﬁ agﬁmmy 6&&@@%@5 801, wd of which are
shown in FIG 8, where reference nunber 400 |nd| cat es

coprtpinedite foymta nj’éfa4‘Q3 of @iffesentinhvignalieias. oA prren aPPWP ane 4054 resent
equ*ﬂacél tﬁ? gurfatc?@ i LT & oct 'T{?t’ 36 daye? ttfeP angr'o%tgﬂ%le 405

eren Slgna VI as. arge groun
hak 3 1pgeatinpad28 Odbintedrin @iDarddB canbd eeindflGt Bethe amti: phd 410 is generally
board or on an interior |ayer _thereof. The gr oun Rl ane,

regtpngular in shape, having dimensions B'and H as shown. ‘Tt is preférred that the opening have
an aspect ratio AR of from about 1.2 to 1.5, which is obtained by the equation: AR=H/B.

The ground plane 405 surrounding the pair 402 of differential signal vias 401 may bea
large ground plane, as illustrated. 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 have a
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has a |large anti-pad 410 forned in it, and as can be
seen in FIG 8, the anti-pad 410 is generally
rectangul ar in shape, having di nensions B and H as
shown. It is preferred that the opening have an aspect
ratio AR of fromabout 1.2 to 1.5, which is obtained by
the equation: AR=H B. The ground plane 405 surroundlng

St e B oo e St 574 s ot
t I
okl S5 RO, i B A6 g £L AP0yl o

diff&rentihl fibedl Pairiand carhgomnodt esuphid isaniaimisad; while diffenettinbhede
the top netal ground plane |ayer 405 of the circuit

coBpiaeppninsieial g & R SHct g
(ce g\a%gtrc}ngl%)g SpL ¢ ¢ Yia P& Iaﬁ{he 'YWo gl%%lﬁd ?{399036 '4%)51 fsrdegn%ﬁ@ qr‘:t}@ﬁmtial

out
gréitidS meBHihethat it Replaed blo&ﬁl@o ﬂal@tffeierﬁlfaf 20 402€thah tHe 6thepdr@ds therefore
fron1the differential signal pair and common node

designgsed ascp primary grawnd eeferendei Waithyihistaspyanettrigal rpfgienship, the common

B bk e e erintRL e o8 b B R PARY 5 M subsequent

tufihg BNle Yrhpsdafddtof theddsteim, ij@f d1eredtsaktont MESigh ftlﬂirﬁltcait board. The
ground, neaning that it is placed closer to the

grdurfdfféfrr@rmri af Wpaeqtedﬁo Dothrgreundnasentibs topmad pettany syréacey of the circuit

e ed asg i ound ref.er
voRER A A 3 FRL Pl PR e LR RE Byl s i FIG.
100ft lé fsx-efeﬂeﬂ [haP{he(ilrhfef £o8Ad pidhe Bi@NAe sh’lb@lﬁzely&oﬂhéﬂdﬂl t8 €t ground vias.
and defined for sSubsequent tunlng t he i npedance

InFIGt Ehet mylsheemedu thas the abm\dg)lmeéoémkeﬁ etformomgte aflacerid or lattice like

t, baa Th I 4
SR B A 58 S ROt eb o0 0 F SO T e for use
foPm{esslidftcnc@f)@&a%s&ﬁatlﬂabé@ﬁ ?ﬁﬁ%lryefﬁalu@of&ffdrém@m flvias.
pl anes are used in that Tashion and as illustrated in

FI GIn F1@, 10; & miudtipde afer mrqﬂmtehtatcutttbeandnswﬁmtgr with ¢hegesin er other

. layers are sel ecti.ve ne g

inp e cnetaal e PGt 8 SHAE PR LA o iaPhon opposing

top @K@ﬁotfoﬂ‘?sﬁﬁf:é@ df%eecu‘éfut ﬁoé}ﬂ bl ey hidichhfe@tel itdBoth of the ground vias
structure, rather than a large solid ground pl ane

40358 404, Iﬁuhmnnae@romdarfeream pleee layers Mificciatied, there ig e conrgcetion
for a eas i rcuit s that hav ensi.t

betrondhORoMY PIEREARY SIE pHE P rias A0 OB, ot of S o0 are

she%tem'ng floRVEHE dlfféﬁ'en'i’ilalasnéral Gih pairisdo 9&%& g@mﬁmm 1aWr§ d05¢ and

the resrn or other insulative material Tenpved
4&5If alni drfer td bptingizo thed/ippeafoenante ShroughOh ciaguit hnasb‘tﬂﬂ@dd@tﬁ stack of

gt 414 e g0rike BoLORP OB oot 20 B samroptae Pgpnd vas

In the inner ground reference plane | ayers 405c
&’405d, there is no connection 20 between the ground
pl ariBe eaithaths thabthesbndustiva signal fragss 420taka beywesn thajthregyvias 401-403

s. 4 sho Itin rom
ishitreheshprtaE: LB Tpa HARP PR HEBG e g Brrymgplang suerure of
FIGRY 6iRusHafify &@%rmﬂla%iane bA tHteesurfate 6Pt Birdft Hoagl Witk the board
per f or mance throug the circuit board 400 and its stack

stocturg mwed for plarityhendylpsirating therresnacisn of (weriRnarisignal tEAcey to the
dl‘i‘f’érente aﬁ s1gna Vil }:e)auc 1% ﬂlugt%tésr}ﬁe lga{ll? wﬂpch\{héaﬁgnaﬁl Baces 49¢ take in their

route out, or exit from the differential signal vias.

Signal Trace Breakout From Vias
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25 The exit paths that the conductive signal traces 420
take between the three vias 401-403 is shown best in
FIG | OA. FIG | OQAis atop plan view of the via and
ground plane structure of FIG 10, illustrating the
ground plane on the top surface of the circuit board
(wth the board structure renoved for clarity) and
illustrating the connection of two inner signal traces
t o tihie alsdidedimblend carltrob tigrimpedanee gfahe trankmissioallines in the area in which
illustrates the path which the signal traces 420 %
th¢ faqeR EXiF o theyyigsbangpontiee LBsir FanemEROp AP FiEsHtbapro. Problems
o )P, BT 3RS UM AR 0 b

cohd@hisetracd pft ih Bﬁﬁﬁeﬂnﬁaltahen@irﬁﬁﬂtsiarbunﬂ la@bntet e rtnirdagbetween the
exit fromthe vias and continue their transm ssion_path

differentind sngnalcm i JEieHS SBERINGHHG. 1 where th WG, 305 iof & pair of

d:ﬁxﬁrgr?téaé g ﬁvx}lagf%?el[ %ched a\gﬁxg ﬁ}éﬁl eAth élﬂe ec“BEmcte‘i) nR'pQ{r Qi' tbnductive

traR ¥ BB dré &ﬁine@éd RNBEHRNSG, aops&mcbm tﬂ@éﬁcﬁﬁ Thdiﬁe)dim[h &gends
between the 5 differential si gnal via pair. This is

ingiabyoutiat arlec dlang evitaoetionsd 04 pide Gades topard afcenterliaf € that separates
di fferept,ial nal vias a pac arI m each
th%f"l’%\"aﬁgﬁl llgie EﬁsaffseRarﬁgfﬁlby(S‘f‘mgd% IPtraces 503
ar e HRANGGH R shiRavé Adhor Fhethoiid d8 rﬁ@lt i%i@rJeclt daeK @ﬁ]élqmthelr extent,

Their exit ‘path extends initially out at an angle
bmlﬂmggpmxomespmdmgmengmd poftionk 07 thatoexéend paretlel ta each other on opposite

56 46 6 cHR81168 oy eSO B S0 briCP G e R ARG e gkt sgmal
treﬁl)é['lﬁssf‘aﬂ fidhk gpﬁlﬁ %9&11%\5% @%Pé&ﬂlﬁfﬂ%h Vaittta Qﬁ [8Bhir of differential

I ntersect eac er 1n the but t ey join
signal vias plwtictgl sphang aedetppartd tonlen S 6 thedwo ¢racas many be kept

I.lel t h.oth t d f.th L
SYBRHAETA P Sy FREISRD G 80 GBS emd oS giio T, By mainaiing

11&in thi
B G e e e T

Hewengh,dt pabr al @ﬁyscbofséfele ecntdusd out rh@er flomwiiassin atsprmmetrendbphttem,
spaC| ng, geopetry a e | en th OL\%:}e t. WO t aces Mmay £
especiplbpyn aness Qi tipirew rSghert ream Fusilyerr dlazelgaced pairs o

I to an absolute m ninmum By maintaining
dl?%}e‘ltlg ?ﬁ;&and symetry of the circuit trace, the

l npemfanlems @dlh atiee whentthoddnddctiva trhd:ﬁssleaelmgd'rom h-lpmeoéchffenemial signal

Is not al vvays possi ble to ute es fromvias
vigs gﬁﬁﬁggqrq:m ﬁélgq (5qcRs areggté&g@phq Crbagarsinott%memcal in their

pa(ffcl:nc&é { a0 %&:ﬁﬁ:ﬁaﬁ@ Eﬁaﬂg%P@nthé ﬂfﬁst‘flﬁ&ﬁntmG 5 wEér@ﬁ%lr?{unt board

space pairs o erential signal vias. 20 Probl ens
500 ik il Btrated aylsingtdneanap nflvias 501¢ 562 arranged mgdirnon tmodines Two of the

viena, S foem b TR Pt o SO GG RGO D0 v

| NindS0R PR 6ne 26 BOGhas a short exit
YRR L bR 5207, P v S e o

pmom 5 by iwthill theer afher BaGe 565 has umgpmxetqmasoruﬁ\l itp gccanntpr tay spacing
vi as 501, nged airs i .nes

) [ an
biiHesn G neo sigs SDls 1 B ensh ey aie e SO BAPS BEinF P excends
bdtWRe BB HME Fdwi& 118 C BSoraétte et thitahSiepdBance of the signal transmission
line will maintain a desired value, it becomes necessary to equalize the length of the
transmission line portion 507 to take into account the 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
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25 leading fromthe vias to a signal transm ssion |line

507. The one trace 506 has a short exit portion 510,

while the other trace 505 has a | onger exit portion 511

to account for the spacing between the two vias 501,

502. The signal transm ssion |ine 507 portion of the

traces extends between the two rows of vias. In order

to ensur e_i npedapce of_ the signal transm ssio
increaungyfhe | at%ﬁﬁ?@ nHYWEEE; tpeasexpérsu% a GompsREbAS gortion %ﬂ taﬂes up

863 ai*try

JEEEDA ot B ERUR ARy Y oBORNT SIS dP e AR Sy ang
thefeforé ehigsohstioand cetepligrg thé intpedande\wfa extuit fward dignad trEﬂSﬁ-ussron line is
511 of the traces. This is done by inserting a
undssisab€at i ng portion 512 , shown as a partial |oop,

whi n rall : P
Wi tﬁ@&i'ts t.- E??Leflrﬂgﬁusgr\érﬁ eogé Fw’&@{lﬂfenﬁ og{a é:'riég 1tf:5ﬁ& Sﬂéﬂgmgacrrcurt

trade\pan&h 601 ket pﬁ)erdeé d&sitable empdanRichatattegstRobf 4 aneﬁ tr@nsmission line
t akes up _ val uabl e space on the circuit board which
GH}th@tremtg Bomaunair 409 of difterantinl sgnal vianpRfla, 848be With thisareangement, it

eref.ore ti.on t. ptrallin
ndg Vb iaedsl o oS et i PoshiBle 0 1P e Pt lRnde B AR Emfthion
sydfRaeBoh @ablifs 608a4086 a1l He v theil adsbeibted sighdl dafsRiBeion line 612, which
enbodi nent of a circuit board 600 having a circuit
asshawe, ip farmed frog0tv o ¢eaduqyive rhers §13ke §1 Frabihs cirepibtragecattern shown in
chat.acteristi.cs. of .a,si.gnal transm Ssi
thEsp G 5 90 PR i S o VR @ B e gl ha the two
n&@@blsawsm thite @.ﬁsrth@mgrersanm sighhl vi608R.588b diohE Bea Ratedbody
us that it is gosa le to "tune" the perforrrance of the

partionsdifis §F16h 129 i msing pattemas dféhe/inyention,sue haodpund thattitis possible to

h d 0N,
fRPhe e TaRGHAen b PR bR TRAE B0n oBt M B Trepiaksignal
vﬁ& 3fhesbdARturdRreith Fethrh ehEr%?ﬁ) tiﬂé‘%)ts%[‘ RiR¢manfer, hB®$Rntion can

Figures is one that is typically Tound on an inner
piozide a cofitirtueasly coupléd differanténl €8¢ pairdfranh @ peinbthat is aoménally between the
613a, 613b mate with the differential signal vias 608a,
VIB®3'H al ong their plated body portions 604. (FIG 12.)

I N Ugi Sigte@abivel w&r@fmh&%tmmmdne@y o¥RIr AV fAUTidsH8Y, and in

it is possible to "launch the energy of the system as
ordbetotrecaprise thisezkrgathy viarexitipartions 62(hhavh enldiged stidthpidions, or areas,

TR Lo 04 DGR Pe PO Y Kb 5 S R
&{191‘{3' 6% afe fPREl OHRYE the Qﬁ%tﬁl‘é 63b Wimrant W@'deichﬁéﬁs FrRigP portions
froma point tHat is nom nal |y between the via pair.

67% Biese Bafy pbutives 623 | aad depart teemtargedi vodthgfortéame ﬁgy presenty more metal

ol ki g e SoiRu n SR Bt RGP Hofes ooy

cOMcBHithhtdAO e IS poRionfEEPS ve a gSbdubldephtl ContdiRe kit fbecﬁe Bégmmng of the
the vias by vvay of annular Collar portions 622.

eshpatigrsd Wi dt h portions 620 are further JOI ned to the

por R eisstingiac . Ao Ve 5 e apyed cooare

ki@ ®MoAE J Akt Wid L. ABE 1dwaR Paif & viRE MIBOFighiRrage rrpalabf differential
plate area to increase the capacitance in the are

sieal e nanchibe gonductiyrdrase exib pertions 4200¢ ofeantargpd width and extend first
along that first axis toward each other, and then at an angle outwardly from that first axis along a

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 generally
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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 U The lower pair of vias in the

Figure area pair of differential signal vias, and the
conductive trace exit portions 620 are of enlarged

pawalldl th aaisd.1emnt] avidcl is gererallyltmngyetsaae axXis AN2. dn itds menwer,ch constant

eac ther, and then at an angle outwardly fromtha )
SPAGRgs ﬁa%ysbeaa%@ﬁbed&egmg e s dromihe M&%M? Hag portions

| i . . . i -
625 fend o O o GGk BYRR e EERRSNER R e Lt bggmision
arddS T STKIB B, to piblidedhtive cauplinglofthe differdntiul sigml trices.e

613a fits inside of the other trace 613b and contjnue
al ofCal inisiadomRias vigxof thawxit postios g€ a apir of tracess Iy shig emppdiment,

. A Y ‘ ol
ey S0 i BRIR 0 dghSRINE BB e o
sh&Wh & FIer 5 b als wadfiohdiabb V) ahd SGiliGstiatedmh tHiCerab&Hment, thB exiportions

the flag portions 623 extend out toward each other to )
728 196 thgrteagesvtpleer the favm afiflag-tynsrsirpesness,whieh am plats-typeyareas in lieu of thin

transy ssi o anea. ST Thi i 0 vide N
ool ol e ot e Bl aeRE i bR bl berween
thé Bacls hiQBe Pladfka\an@Wlse lovd? eheAidiictaned. t T BagGiorttorB als aproach each
traces. In this enbodinment, the two differentia

othsir éexsgndalang acfitet axip) tompiatain thy desitgd genarasion distanceprtwpengthe traces in
690 .sim lar .to tha sh in FIlG. 5  As nmenti o .

ey Eo Y b pid s SN s Yk periam P RE HoR1EE By gorions

aldHRral deOIH ax%3vhiéH intddReclstRCHSt dxak Gt sdADelsed et thé ka@s folPW three
structures, which are plate-type areas in lieu of thin

differant e this cfirsti akopgthagxis Ldnthehgecondig alofh theaxis| A arak therslastly along
i NGr e the_ca iJdi.ve coupljng b en the traces

the iy R0, ARSI 208 AT B ol RARARAGOR Adve., The 11 ag
por tH QNS A2s3QoF PIRR RS b fRREMer GiHbAIMdne BT BB Gnvah@dtishwing the exit
first axis) to maintain the desired separation distance

pathetfiggmir of kenductiortsacen 550 fian a peie iof vis bFh wriid they doin tamsignal

O A s —
en&%rgef?]g)lﬁé hréas th%]tse‘iﬁrﬁ&?ﬁ the tdWhRl eAdA®tier aoRR ah Bkik OF. UHe@Ethe traces

rent pat first along the axis L1, "then secondly
55ah tegintideofthe sthéx@acarsd0b heihclrasstiayk apanigself3o thesigaxrl tsansmission

.AX3. Axes L1 and AX2 intersect, ag do. axes. AX2 and, AX3.
ling pgrtiops A57 Gatexteigs ,sw&'ﬁalkyitr@wvafseém@@ Hé&smgeﬁﬁ fptigns Ruther
travBSe h@%(tﬁrt‘ﬁdt KA %@Mgggcyme%ﬁtihct_b@%ﬁn@{ withRAH beRfl of the structure of
S ro

conducCtive tra ma pair of vias 551 unti

FIGh&}A jteing identified by tiellinet BaBamd cash bendl represenbizg anTérzurrence when the
traces 550 include flag portions 555 as part of their

tragg £X1t PIHORSHRangG 4GCih| ar ged pl ate areas that exit from

the y 'g:%%d %E%é&e%%@ 598 \Sho@h QAR BoW thQﬁﬁceg%ngsaﬁem. In this

trace alies inside of the Other trace 55
layer of e vasnibizoakd, tieoeferdnse plang £00t dnd tisd gyathe mmatas poldss iportions 591

| .ne,portionsg 552 that extends generally transverse to
arg gy Eev(37° FRBGRIRSRlpt P OHEr 10014 e rrace pER: Bltiagypould also
bel1B@ked 172 |ARPHENEAAREEkate kkiY Pattlin® L THESE ar@ @08 Brould Vias 599 thbt are

each bend of the structure of
interconnected to the ground plane 590 and they are located at edges of the opening 594 formed
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 531,

and the other ground via 593b is one that is associated with the pair of differential signal vias
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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 pl ane

590 i s shown superinposed above the trace exit pattern.

In this Tlayer of the circuit board, the reference

pl ane 590 and the and the annular collar portions 591

are found. They are shown as |located in a |ayer above
thatwetothadc%aedm@tspawnmﬂ(} b@u[\ they could also be Iocat ed

eat tLer There .
t wo 107 BHiF0r RS siepRlapos] b RRORE B o so g RES eround via

5995 QLG spdcad Sw APReRRIm A Bitacaw Opated sRért@dRSSthe Histane: W2 the

openlng 594 fornmed 30 in the ground pl ane t hat
paiz ncspaged e thetpeoundoyiait F3be Tha tirmilar spldgy portiong §956f1 the@gound vias

hayeLbege s AN PP S R o R s Ao (O Dy do mot

extend alon%g dirdlig &WZ» 60df $l‘@éjs \Hather, 952 pfe?erFHthétfﬂl?ése type of annular

assoclated wth the pail differential signal vias
coHdr pottivas haee atcmmdde:xteaf d)f z-mnult lrSOtto 20bdagreen, WEllGibolBYR0 dEgmees being
pai r. of different 51 ar I.ocat ed cl gser

prafgrads ciys lagg%tioa?% @% ae goupling g%*ye% F Signal seacespxihpgipions and
r W1, which is shorted than the
the E‘tagfﬁf[:e %)@g g{r"‘lﬁ‘ﬂ%gﬁb is spaced fromthe ground via
593516 Tivealastratds another skyde ofrcuit omee &%r bfeakdne pettern comsthucted in
vias 5 have been.renmpved as shown o he right half of

acqardange with thapringiples of the pressnt iayentiny I"t‘h’éﬁ"ﬂ'ﬂgeﬁﬁm b payctive
tra@és Ha %SQB Eﬁvb hagﬁﬁtfbf ggsogg&:d 492?!02 R?PF@flt %&{mﬁssof these traces

pre erre type of annul ortions
4505 Mv60taincludy enk eadegoitionf4 7ahdia ighDbem radiGs thenis @eded withih the other
about 180 de rees bei ng en‘greferred This i
§

trap bRIGPORIAIPt | @ ioRT BPre Y e ARred gmgﬁa%@m itself as it
ll’llﬁé’ );F\‘.ix?é?‘ld& Ergﬁatpu 40{1 @&Na{}ﬁ) “ ﬁ]%to@ %P G 49 QHY queﬁ'hﬁn? gﬁgﬁ itself. The

es ano e of circult tra

mgﬂiﬂdantq;“artbffﬁ&k steifchpaina@ bo famdsi th&d‘ril&d pomonahacmmadmmn from the via
h the principles of the present invention

40hta the Qe RRiredivig4 Q20 NKhg dtare hen poniisues w@o%\curx%m% thats spaced
cleE 9({?11@ R ?gém {\14%:'3 ﬁé Q‘Btgldv%.sg'gth%iéadxgéo gotfx T}gheclggéhéss Pf the two traces

races inc e one

is ﬁn@fntdlm aé%l!Ws&ihu&:bttﬂMngt}snd radi us that is nest ed
wthin the other trace

t r addo4HP1 ir@yomplag ¥iew ‘tf@ﬁ@dl%@‘blé H&gﬁge%&k"{%’m Sm@%ﬁé tq FIG.
B ot AR SO 5 1 B Rt . 1

thiS igfdhd reférahiceadrie, b atsotiated igraunt wiads ﬁmyed)ﬂosfeetmﬂe piir bhhfferennal

initial portion that extends out fromthe via 401 t
signplevigt then isghg nancassqcaptesberountha T his S1EUFTROWS Apst hewéh%xﬂwomon

47% (f)i?# F:Xt%gagl%réc#n? Pf} 1'3%5 'to%va?fi) ﬁ&eo‘fiher Qh%g otf Hwt p%xl ordeh r to establish

e OU er via. IS rranner

th&iepaanasdistahice ethtmops ek sipor Bseﬂfmt mfaatn@ﬂnrﬂ&wmﬁd it mag follow the
simlar path lengths. 20 FIG 16Ais a top plan view of
interies of thy ouderyia %tchplc@tﬁﬁa%ré%o" disfaneeranner sinilar to

FI Gere 18A1uér, eneats%}i{;&ﬂe.f&hfordﬁﬂ&ﬁ oPh é%xt%‘d%réx%%&ﬂ cBhdtieted in

above or e trace exit pattern.
accordance with the principles of the present invention and which ut1hzes a series of plated vias

702 that are formed in a printed circuit board. The circuit board 700 is shown in top plan view
and it can be seen to include six pairs of vias, or through holes, 702 that extend completely
through the thickness of the circuit board 700. These 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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this ground reference plane, the associated ground via

is spaced closer tot he pair of differential signa

vias than is the non-associ ated ground via. This Figure
shows best how the exit portion 473 first extend out
fromits via 401 toward the other via 402 of the via

pair in order to establish 25 the separation distance.

It then | oops back upon itself at 474 at a point where

arg prefragbly platedwnttheir interioe surtacesoi03tsh ¢hap thep will cendaictively connect with

desired separation.di stance. FIG 17 illustrates
Cogﬁ%qnglegﬁg%&%ﬁ$"€9 &circuit board exit pattern
consgq Mﬁh%ﬂi dridpedifif ‘?Oﬂﬁr!lfs% sM‘Naﬂ a}l@ ﬁxidoirbaf‘%ﬁls &% arth it PEonductive

present invention and which utilizes a series of plated
grourgigefe7eanze plane inewkhich therpenduchveamptal, nt.edatinigy lbasibieedbresmayed.
The cjrgquit board 7p0 is shown in t . n view 30 and ..
imapriesdly, B e Rmgbitres aseipeed B Rlar Al v Bghs peiis
. t t t . . .
P s e R A e R e 1" ThER 7108t vigs s Inended obe
ussth avith diffpential $ipmahceradts sotthee pne @l thargadbofithe paie7 X0 wiibeaYry a positive
irectign (or up to, do nd right left in FIGS 17A |
(+Akftagy 8]  shyppmagaiude, while g ofheeYia phibe pais 739 &&%m heggative ()
ABRES RN oFHE SARE mafiiade 3o LiBlncutBl ) Mies RAUBLI Nl gnal vis
coftactivelyl copstilutera diffierantiad sighdl viaspail 0. Thowther aind 71 B ase showa and they
704 is an area in a conductive ground reference pl ane
mabeposiienedalongp gemmep @xigdd{F1G.j17B) and sgrverqg gravad viss dppsmuch as
r I | r : . .
thEFFE Y Shectsq LSRG R AR plime b1 FRp ONRERELYe opeping 104 s seen o
abuhihsseaiorground véaspd8r of vias in the right to left
direction of the Figures). This pair 710 of vias'is, L
i nt dpdegembodimenty gisgpitoard teaces ase egnneetpd to thp diffegantial signal via pair
0 . | t N/ 1 1. r :
70 BB B R O3 BB O I Ay g e
widke, g likedofiont Q. Thiete Tak(owidnk 7tAnEMdéa P@galelMeargeamount (or width)
vol tage signal of the sane magnitude as described,
of gepdustivamatsaal apsommippied te heivadth of theififing) associaged circuit board trace.
coll.ecti.ve titute a gifier ial s [, Vi ik
TSR AR TORRS WA S Eh I BHR T o2 Bl i rdon and
infresset tpaEHvataipiing bereBPthe 86 Fradek eXifth@frorh AR viapdirge0.V ¥he large
.as ground vias inasnuch as they are connected to the
sizgrad Uirecflag Rowtéon ‘Bh2eserves te refaseblishreapasiting covplingdisbyren ghenge traces of

b R feno i PGl PR B BB, By epacive
co?hlﬁﬁg&laﬁﬂkérﬂésteﬁili@lﬂ@i bevvéeniRe tivo sighal’vi® 710N8 tho@itival Plan®dlong the

e circuit board traces as they exit fromthe pair 710
padf ofitheywias theoughdhe eircujlibgard, whidgtheseldtagportions 1% form atrassiion of the

fla rtions, 712 includ . rel.atively large anount. (.OF -
et R bor R by Shi ey & Betabh e Biein TRl ransiion
ofQhe frdtickitd fréta thAHO6H \adsem 0C Thé flagd pdi@ersty IRIs&&e as arl 1hitfal transition
extra material increases to the size of the "plate"
frem the viegticalmlpnedte the/henvent] plgpgporti on and i ncreases

capag. .ty ' : e J 1 .

o T i BofRlp s\ FheRiliel) chdfy il S AETmRRLLDT (BT provice
a chhRamiehyeitaticd therelgsived. i This sympmtdy lektéfdCO0HY dnngisaBatvasybetween the

the two traces of . o
pair 710 of vias and between the flag portions 712. This is preferred so as to create an equal
path length at the beginning of the exit 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 ¢ircuit board, The next portions 713 of the circuit
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the pair 710 of signal vias in the horizontal plane of
the circuit board. Previously, capacitive coupling had
been established between 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.
This effectively increases the i npedance in this

tracesiinélade the hregk butamea2ind dicytabesseen bestindlGt §7 4 rvelmre it earpled seen that

theB e RS SF ST AR P a S i G G e ltems to
ta&!tﬁéﬁmggg?ga&' 15 @etlO tel PAS ltrze_"e%oﬁqo%s i sitat altna ag(‘!rfg;lhé’edges of the

si ze are symretrical 1n order to provid
operangst HWdtof depacindgioe. Theseatrdt waerportitng 315 yxtomt algng the intervening,
.extends along an axis_that runs between the alr 710
thig pvepi 128 R RO EaRAerioh hat fergratss Mei A §“*?‘j?2‘.§] arpp @W%ﬂ*gﬂ in the
Figlhr&f 98 UitlreB@ahe bitn OF 6AL &F AR AR poRRnBBF the baBOniAL the path of
e beginnfng of "the exit so as to establish a zero

the( Sthér)of shkeawo trhbes. f | ag portions 712 re-establish the
coupling in the horizontal plane before the tr

) ces .
" br destuigpRrtion 7 b 9kihe.(resan Bersaencextencingett rameagh flegportion 712
. . o i
s s L R0 G i e AL 14 8 o
stublp@ytions 913 eciocdndas flarkity the grbdid wellh 220esephratingitwaeadjaeent anti-pad
that these trace portions are preferably of the s

aragp doh. Thase pnelediitrce pertiony 7igrinemmessivith the reguiar irquy poggqeilé 715 of the
oo S0 SRR ol e ol N AR 014 Bl o

gralind pighe Phériitgs T0AE The biduit tiaca fleg Pationsor and frassaiiesich line portions

along the intervening, 5 thin web 720 of conductive
71frareceparited fam eaehaihat s ORENANEPaEIAR.i Thaoundplane intervening web

il r i-n ' i St [ .
o BRI 0 o 5 Pk v o
poR@inl720fshowi é FIGN€7B Bis 4 lagget rtative avidels. THis skiti pathof theaircuit board

713 of the traces can be seen extending out frao eag;{ )
trapescagcqroplishenthy goal of gefting s sigaal ircessiase &nthe proyndplane layer using the

SR o B BB T3, BRI Rt S e

sygé@und web 720 separating two adjacent anti-pad areas

704. These angl ed trace portions 714 then neet_wth_ the )
r egUihgpagicrlaustyle 96 sropedhplae opepmg 7R that jsshewyn {HBEIGS, ipA & 17B 1s a

rall Q r . [ i . ri.

arBt5%4e S opk ik Pl Y PHRA 10l AR A8 BRI Lo hove enough
of ThEgr6hidiplire st & Hak adesp@refieqd thiclvbritvaticdupting thas sdcors between the

l'ine portions 715 are separated from each other by a
pagdifensigp¢iaigd02.The ground pl ane interveni ng web 15

portion 720 of FIG 17A is shown as a thin ground web,

whil e the ground plane intervening web portion 720
SighilWratd THAEStyId Rrivagemenhnr ger rel ative width. This

exit gath of the circuit board traces acconplishes thef
Fig§al 8-4$B flstrata g “tried -ghylsrimangementb800.9fyaae s tugures, SRRy ©

. S ‘. ¢ . . _
cife B SN0 S ralFOE FRS 1SS SR ot @A Qi fthe igh
to G4t dirkiction sfytht Eipure. 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
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

inéluds¢ angled trace portions 8172 that begin the ground via exit strugtures, enlarged partions

-20-




10

15

20

25

20 The particul ar style of ground plane opening 704

that is shown in FIGS. 17A & 17Bis a |arger size of
opening than is shown in FIGS. 9 and 10A and this is
done so as to renove enough of the ground plane so

that is has a |l esser effect on the vertical coupling
that occurs between the pair 710 of signal vias 702.
25 Signal Trace Triad-Style Arrangenment FIGS. 18-18B

813 ﬂhilqmrtiam 844 ‘and a eedidtivelyywide awqmtgeenmttiorssmi. OFhis/wiledrace portion

SR e TR L 00 08 e s r e
patrdf Hl’i‘?eré’ritlgf’élgn Lﬁaée‘i;ohldillb 366 TS ré?ﬁtlotnElﬁp i &Hﬁﬁ besI IEFRX18A, and the

structure of ese two vias 802 includes tlag portions
veBi:dl sepamu@ﬁofphe grioomdsvig B5it snethiresand thosignab mim e80 Gtructunemisibest

of ground vias 810 maybe provided 30 outside of the
shgwpin BG. 48Bf erenti al signal vias 802 and they may be

aI| I

e S A bl o o R e R et 208 M the ground
VIEI 9(92 aldloeanet outsidd ofthe sipe eths ODhemd l}n(lﬁhlﬂ:]ﬂhslr 8ssAcibted exit structure
begin the ground via exit stru?tures |.ar ged portions

lies 20 theoghersideof H@@t@é\w@ﬂ%ﬁﬁo"é{h‘& QW thesigna w@wpa%seém%?g shown

<H125E A L P NSO of o o

@:Eon@ﬂdjrbﬁ)ﬁf U1 (FIG. he). é[d@&hg@ﬁaﬁeﬂ &acepadltrpodﬁons are alxgned
|fferent|al signal trace portions 806. Th
alorig) this jagis st phej teace phpoTHeRs from tm@\mp(méhawv HeFIG. 19 and FIG. 18 are

e I par 0 |
o ARG e B RULY, B B BbE U Gt n
grirfd trak8 Bxit fdrffonskflay e al%hédiil RAEHREK a0 dirRI¥ee®from FIG. 18A,
triad exit structure 900

ich the ground vias 902
thdrﬂ@c ¢anduetivg tecassremTanged ina t5pdyfashion wils %lmgrah@n d grops tegees being
SOClateF exit. struct e lies on the other side

ar@f’g "geﬁéi‘*s% JmagiBVINEE Sw t he signal vias as

Oppol?r@%vr&@ld Reds 902 BhMAglcaRRY Portibes $102ARI1eadi tastraightipdrtions 911 and
FIG 1 One may consi der the signal and ground vias

thcroleaxbt01tbma:|ortgmeal al 6hgl the gohsipigtuassi shown in 18,59)116 thipgortions

91&%%1303&?1%6? H’é éggic oa:gtBIF Onli & ﬁnreal I ?E easggr' ouﬁ g%\# g)isrﬁinimize
si @ﬁPW]grerhchlo@)Im]gQ)f Ahyktefs ne&t&hé‘ﬂ@g G;z&ﬁf)&ﬁif the 9gnal kxibdiehctures. The

ar e |gne al ong a second axi s In some inst ances,
mtomomdgwaltrams@ugreou@m tegethee toeform 2pyde ¢eptes sirmP 1 dhat is aligned with

d.al] on e e m .l
a.n%é)&gea %%kenpggﬁ% c“ ?ris)j € f'%ai ceg?%g alrtr%%h gee %er? in !L:otl?FIGS 18 and
14 thhtaRe frasbrQURdWid kit Joetidis @il 8l vaidirah ey Relrcy @ae@»d@eﬂrdﬂﬂ the ground
15 arranged at the vertices of an imaginary triangle.

vnash%l OgP@wiidh widepogims B, 18ttt aarrax d@wrp tor thingapogtionst il 912 as
| ead t.0. stral rti on 911 a
thpEiRar s it sisbel itschd e o B0Geetsy ELouh Anne biin
trabSidissiol Bné fade 181 disons 911 are positioned vvhere t he
exit traces approach near the signal vias 904 in order
to mnimze signal to ground coupling of the system

near the flag portions of the signal exit structures.
The
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20 two ground exit traces 912 then join together to
forma wi de center strip 915 that is aligned with and
beneath (in ternms of board | ayers) the signal traces
920. It can be seen in both FIGS. 18 and 19 that the
trace ground via exit portions initially begin their
journey out away fromthe ground vias 810, 902 with

wi de portions 812, 910 that narrow down to thinner
portions 814, 912 as they near their associated signa
vi @L.AMSt hen join together to forma w de, common 25
transm ssion |line trace 815, 915. -21 CLAIMs: 1 A

hi gh- speed via system for differential signal circuits
of a circuit board, conpr|S|n a pair of differentia
si\gnalA highaspeadi veasiystesnifor diifcrnélakﬁlgn@lmrcmtb ofaarcicurhgard sawpieping:
apart 2 The circuit board of claim1l, wherein said
singl e corfddistof dd&ergrrtr@m@altvraaélépomﬂ@m@rcmbbctavdea@d]sp@md@paﬁ
signal conductive trace transm ssion |ine portions and
part of said signal conductive trace exit portions. 3
The circuit board of claimt wherein said conductive

;é;ggﬂwl it ol G  grsinga e @P@?t?yéggﬁhéﬁa?%%‘ﬁa
1 wne Pl i g %%tv%‘@fge fle sméala%ﬁo& logbepéy & ifidter™
Spacedconamwmfcéamﬁbrg axis. -2,

3 The circuit board of claim 1, wherein said conductive trace ground portions have a width
that narrows as said conductive trace ground portions pass near said differential signal

vias.

4 The circuit board of claim 1, wherein said conductive trace ground portions are spaced

apart from said axis,




