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WO 2005/ 081596 PCT/ US2005/ 004469 PREFERENTI AL VI A
EXIT STRUCTURES W TH TRI AD CONFI GURATI ON FOR PRI NTED
WELREIBTFIBOARDS Background of The I nventi on TPET/US2005/004469
present invention relates generally to circuit board
arrangenents, and nore particularly to via
arrangenents that are used on printed circuit boards
for high-speed electrical transm ssion applications.
In the field of data comuni cati on, data transfer
speeds WREFERENJIAL YR ESdITBULTYRES WITHARIAR; s
i ncr ease CONHICHIRATION: HOR ERINAE DRI EYBICAHTBOARDS
hi gh- speed el ectroni c conponents for use in the
BacKoeb®s®01MYRE BenBigs fi el d, such as Internet use and use
I'n data transfer and storage applications. In order
t ollhprasent mventigyrekatas genera tosmgd baardygriap gene¢nds; iand owire
s.are transmni yo .
partig g ek gne et ket e PR e Ebdiifs fog bighomegd lectrica
transﬁﬁgfbnt@phé@ﬁ%m t differential signals and are nost 10
comonly used in electrical cables. These signal
c alnlths fitld\wod detasommunination,vdata te@smﬁp@ed@haw st@shly irteseased over the

are.twisted to er along the le th
yeardy S e RO PS (TR FaPIRGmebt e e Srefgiesfonic components
for uStSRIkd féte%gmﬁﬁﬁwagbﬁ@ﬁe‘m i sitKlas fﬁ'ﬂ&ﬁ& utsé\’al?d @éé iR@htaSransfer and storage

typically receive conplinentary signal voltages,
applicatens. bnerden uoe>btaﬁn ahincteabsinglie greied ativhich electricabsigral Qare

vol t t he. other, wire of the tw sted pair
transpittqd, Eé?F%PV%P tolusﬁd &f?ﬂ%ﬁf@lﬁ%ﬁls The wire pairs are

U SR phit &19&%&@@6mﬁbﬁl9glséd“% it Qi fdeRtidl @@n@ls%ﬁd are most

that each of the wires eéxtends in a helical path along
comrntmdy usabiheleatritat tublesi Thsseanignab pabdechaxp an¢ of mora teastéd pairs of wires

her the same, di nce, a hi s. hel i cal a.thfo
that 3 it doart SIoHE CRIBhEh ORDErARISS R aPIgh BEst gai being
encirtled 59 dn ngoela{%ﬂtﬁo%r{an@kh%l@ CTRQRItwistRMa%S typh ré&We

pass” by or near her el ectronic devices thaty/ emt
complimmnltarpmgnaall wetthgdsci.é.j @ledvird bitthe t\dfstﬂdqxas vhli\carry he-1.0 volt signal,
. tential tq 20 create electro etic rferenceln
whild e Sfhes i o G stp e W ety ”3%%“%1 al NP pairs are twisted
togetﬁ&v}ﬁ&% the hKi€ of Weh6H sQ Pt e%@tﬁé‘&lﬁk?&t%dstlﬂ § hEﬁ(QJ!l g§th along the
nimzes or dimnishes any induced electrical I ds
cablekz;ndnim wires arespadeth @parifromi daels other thedame desthnoe aleng ﬂ’ns belical path for
SO .t y will capacitively couple to each other
theleé‘ﬁﬂ‘qfa}‘% bi“ssom ated grounding shield or drain wire,
angs s HELRR oSSR SISkl Avict, e
el 'g%?}rgo aﬁ%?%rg I nt e%?e Ci ?()r om occur r(l?eerg in ﬁ?g?%%ss by or near
othercdetren@nidviets that emig tlteheov&rr deetm: $isldorTheke datices hagnthk potential to
through the cable. In qorder to mai ntaln elggctrlcal

creatg, elepERmageRe mégrégenceygn fedransmission lnes femed by e signab cabies.

Howéxﬂ:@ C}hg Hflgt%P i>51¥ tARHAPSARE g&bqgs §i F{eg B &mﬂﬁx‘éh&%y iflduced
esira taln a su stantu y const ant

electmqb édhio b mdmtamgiglhé twheires ansdeésired oriettatisn sof thatrthey will

circuit to circuit and to avojd Jarge,. -1
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 throughout the transmission line, from circuit to circuit and to avoid large
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WD 2005/ 081596 PCT/ US2005/ 004469 discontinuities in

t he i npedance of the transm ssion |line. Large
waolc@sositspaiut i es in the i npedance of the transPCEESDINS/004469

line can | ead to the generation of undesireable

crosstal k between the signal paths of the

transm ssjon |ine or,el crlca " noi " th.thji.s .type
discqgpiangies it f dmps Boes of e FRhyTRan [, Fares Afehtindliss hiRgimpedance
of th@ftraﬁirﬁi%l&h fifé bah 1%5@!’(‘)&111: %&rﬁ:ﬁjatﬁ)lngﬂﬁhées%aﬂ]é Bfdsstalk between the signal
frequencies (or data 5 transfer speeds). The
path$ of the smlssmsswm linger elegrtcak neiss!’ eBDﬂUhldep;haQIﬁ nogs andtcrosstalk

ncl udes cabl.e conne erconne
advefigy L B PR EretrBagy KRBT HET LAl B4 ROaE or data
transfer'spdds). PRAARsR{ssibh Binee¥itien elgaﬁ)nhéw&@ @8t &Mly includes cables
twi Sted pair transm ssion cables may be controlled
and dmmamtsxs that intsrcemsaet tveo devadestedethen, taip also finatudye dregiringedagircuit

arrangement of the signal conductors and the
bomg%%ﬁ%aﬁﬂﬁmwio shield, an inpedance change will usually

engRLIhfagske JF t@vﬁ?ed%a%atréﬁﬁﬁﬁs%m% @bl fal %e XBAESl1dDedause it is easy to
connector, where the connector i s nobun to a printed

maintain aupd:mﬂimgmmemnyobr\mgsmltahengﬁmamed the s1@al crmdmtens and) the grounding
CIrCUIt boar Th| Iqéklarea is.referred fo

shield, 4n igpelppee-changg engAwREred & rdree Waee P SiE ggted to o
connebBM J&}ré?e fhb DS RR 'isolﬂohﬁt@@ﬁ) %Pgm(t@& cirdWit BIAR Sid whirk the connector is
oard I nto a connector nount thereto. Likew se, the
mousted Itmh mmmtybdaﬂl.l ‘Bhis tdseared isoeferied te orthe att@s theﬁﬂa]lrmln’éarea” where
C|rc %(bgoar and thiis area is ¢c nly. Isg.
Slgmi*l%ﬁfé unghedytrg the, transpmigsionlines onfppig H’gocéréé“ gP%‘ {Iffg a connector
a i
mouSTB UL, LIRALAPAE Sl 55N 81 SRAEASL i L1 e
boardl andrtHidw@egisroomintordp alsal r&fe“rd:dﬂte asanffexit’aarenr THaseo areadhare the same but
connector to the circuit board. The present Envenﬁ

may hgvalifigrenbigrmbdenspriogoa the purntfioaand dugetion ofifagsgna ol cither

fromcthé Efx‘&flt t;b%?d & thé‘U{ﬁ'ﬁJ}Ft‘BF o?i‘rbltn tﬁé 9 ectot foiHb Eg&ﬁ%&?d. e present
ayers uctive an

1nveiit(ixﬂﬂe ﬂdelaéd toemfm(b‘ffﬂl saiucturezﬁls&hmhhésa)oﬂ‘cumhyarb daunch or exit areas.

consi dered _ as defining one of nultipl Ian of the . i
i G boRss e made s e SHUGRISIVETS 0&9@95 w@an%l&e material.

|
5 L U O B A,
noncdfdwctive fayer mhpbe used g8ladiasagf thPoirduitbmrdind hiwefaee er surfaces thereof

renmoved to form conductive extents on Ehe surfaces of
may bR goehivith dtedHchive majgial atvq?vls reraperdeil ppplafing.; Prrtigng of this are

remcﬁ'%d t& Fobas D ?ch@ %ﬁt&l’l %gle[ﬁe ndtcgg%ﬁh% ﬁ%’%’ﬁ gﬁg%kpesrg é({/ah? referred to

in the arttab&aceypl T]fe@e aades define 61m’Lf1t61§aﬂ8s onfthé bearbdase lhygereA subsequent
and anot her conductive coating is applied to that

nonqoa%ﬁwa Hyeris dhrapppHedontodhy sustages of the\basq Iawshanshenether genductive
coatmﬁ%(jse{ I]l%d ?ogtgllgﬂs 1§§’?rsa8ér{ gfcgg?iﬂgo §ﬁ?t?%}g gqgﬁ{tf Sg*mé’o%dha}@%rlayer is applied

over@hik @éUohd b&ﬁfu@tﬂf@layéﬂnﬂﬁhie probess i Ifef)&ltﬁhlhntﬂ @nﬂmlatlayee circuit board is
| ayers are typlcally connect ed together
formed.olhe fiiferant songuctiygslayers geertypigally ¢pnnected mp@e{ lppéwhqtgre known in
ledl t I
the agtlrjérs f gl%g’ .? gaoig% hotﬂenthgf is ‘aﬁ'l]%d gﬁl&;@ e Qxl:&{?PbdaPJ‘EI{d the inner surface of

whidhfi§ platedn TR Iﬂatiﬂganmdn@uas tHendtiohd mdhamnSyersI HEhe traces on the
traces on the circuit board may lead to a via
circyitchoard Bay lead to @ viajlgcationivhe itis dedredde connest the faees te gther traces.

Slml?arg/é{hetvli aG e%ualﬁoqhérl}léea rtJ) YGCFI'R’Q ?hr)ﬂl%? >hdiB¥n t%hﬁgg ng ?Igﬂaxt Bounting

IVG € nmoun S Oor o
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-2 WD 2005/ 081596 PCT/ US2005/ 004469 pins of
connectors. Pairs of traces nmay be forned in a circuit
whomsadsisager to carry a pair of differential sPQNEE®05/004469
and each pair will define a differential signa
transm ssion line of the circuit board. Each circuit
) ard | ayer or plane, may support one or nore such
p““8??@5?§ﬂ¥ral signal transnmission lines. It is 5
| MpgiEd ﬁ‘ﬁacé@mﬁ? BL fstnetl e a cIORERIEE129Er th Qﬁﬁf? a pair of differential signals
transmssion lines to mnimze crosstal k and
and edch peir wilidefimg edff&nrmlemgrml tragsmoipsemlinoof the cirgudt board. Each circuit

vi ces W t hout undul licati. t cirecuit
board ST TP RS SePIREL e it el cfisa Prspubipn fnes. Ts
impoHARt R ®akBE the Wﬁéﬂa&x@@of thedeMBInShREBN Binb£GLURMihRe rosstalk and
CIrCUIt board design, utilizing circuit board vias
electanal mbcrfelsngé dwonghpetativs of theadesices withowtaindulysomplicating the circuit

era ne an electr cal 10 signa
boarf ARG LG FTPHIEIEYORs O MAATR 25y | eval of
OP§h& ﬂe@(ﬁﬁ‘ hn@ﬁﬁ&? [sTRACRr&MiteMl 6 IRl B@érﬂ %es1%1*i' Qutilizing circuit

desired electrical characteristics, such
board wpxedaah eyatsocﬁf cohdudtive traces fooathe: wa@a%oopemavudyrﬂsﬁmeom electrical

l.i nes. ry of the Jnyention Accordin
signg) BTl gB Bt o gFoviHiea fa\géi Wé%topglme%%ﬁm.aaé vihich maintains
the debitéd Ut%léctt*?(%‘ Eﬁjaraélt&sctfcﬁ UGt AEthE HhpstBiRcd 6‘f tht BRcFHPSRA signal

signal transm ssion wherein a ground plane iIs provided
transhidssien lihisf f er enti al signal transmssion |ine on the

circuit board and is positioned in a preferentia

| ocation with respect to where the differential signa
S“"ﬁﬁﬁﬁqﬁfﬁﬁgﬁgﬁBOﬁo a viaonthe circuit board so that

' | signal trace and its corresponding

Vi Acgadingbn gagegemdnaleibgmt of thalpresentphventjon ti prbvlldha circuit board
stru rrg%g%ségrtf gqg[qs s1gqq hﬁ?spgsewar o %Iﬁlfnfa%o@%d [galﬂf‘alls ?(g\«lflded for a
ot PSS Byl ASEn ARCoY RS B9 BL e Bon PRt
locatﬁ‘mf Wiﬂh tespeatal whsierthe tiffeecnitinl sifriat lratdseonmmef toguviabhaole afcuit board

ir. of conductive differential, signal. traces,
) thpé%h ﬁbffqr%nt@} mggq\lég,acp p@;}ﬁt%cq}“(eépqrgh%@e Ppir £agagys in electrical coupling
w1th(El(PJ] 0 ﬁt{ ﬁag%err ﬂlrfaglagl{t}aghg gfgl %Fegxﬁtgpsq aglfraxﬁlé?rﬁsﬁ&pﬂﬁ@ W& is made up
ofa pdlﬁﬁlﬁdﬁnﬁﬁcttm& ttdceecar@viddhe circuit board. 25 Anot her

obj ect of the resent invention s to provide a
pr \ReibEr ganeeal phiepiofithe BiEPeRt (yeRtiomyigo pmﬂe@@ lw&yes@rcult board

[

s AP U B P LY o SRR ey i oo

away ﬁ?oxwhil dfist dp%ﬁbill{l,c‘ctdmﬁgﬁred e toitiw] ehefitipedamice of fhieebadidtiak traces that
gnhal traces mated to through hole vias in the

mak% pp a d}ffer%@# signal {epngiRission hing Hé the iruit brarde o
paA&l})t‘f']gll torf er o(%%ple @t"&?ﬁ’é} l?{n‘plzraanc g%mﬁm&%ycu%ﬁft bohrdQucture that

t he V|as

may 8k i1§@1f£réith6d a ‘Slhlg{bhr’ o8 Y15 Vit atd fér Mutitdi@ith eleiceoiic Qf)mphleents such
resent | nvent| onis to pr ovide an i npr oved circui

as elmsa@ai cemiestorsdn Phirhihe ptaictirgs inglude apagiof fltffeéfmtnabwgnal traces mated
to thisou%R% le\olgs n%eempc(?f’t t}olapcp gﬁjd %Qx)élnnfﬁg frald Hale 955‘1‘? chidl Sflicture 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 a pair of differential signal vias are positioned proximate to an associated
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-3 WD 2005/ 081596 PCT/ US2005/ 004469 ground via, the
circuit board having at | east one ground plane |ayer

wo ooosmglisphrer ei n, and the ground pl ane havi ng BET/US2005/004469
anti-pad fornmed therein that enconpasses the two
differential signal vias and which is connected to the

iated . A d th d vj .
eroufil ¥ eGP haying las 3he edind PR ey folmed fpeip, and the
groud flane BAAN@RPLAE paPfdhned BRrdiM Blat bifcoRfpabdel BRAGoIF@SRM signal vias

to the one” 5 anti-pad and enconpassing a second,

and abiich ceevnnpaed toghe disbéieted igraval vid apenothiengroubdtvia associated with

contacting a secon round vja assocjated wi.t.h the.
anota P G AL S ey B {hes PR QS Pouliphed iliscent tothe one
anti-pal{ édaeén_c&ggfsﬁing%fs_eé&ﬁl, RAjeSADpail HVEREteARall PerdaPviRs, Bt Béhtacting a
circurt bpoard with a new exit pattern for
secondgund viaastacatebwitl dei adgacentqairafdififerensial dighdleient i al

o 2SR BRSOk ofbF breBRS Rttty BEMLE el B dyith a now exi
patte eﬁ)é QbndleBve FA&S g&?&iﬁg fidn BPairio? BiffdrotitAfsicRA VR, Bk eRit pattern.

ndi ng radius of the other, outer trace exit portion,
inclugingt dizeind am eachf ofttheeexit paxtienseofithe fpares,i amedend ofjeresrfahe trace exit

Sspaced .apart_ fyom each. other sim | ar and, consistent
pomav@(ymeggg? PEmbeRinese ips _8? theoheF ol oGS PO PPTRE. Sihetpne of the
tracel X ot rﬂ@ééngratllggg&%ﬁ 'agél@ FroWGER offefa Simild? Gnd E&tsRfent distance

exits froman as lated via. Yet another object of
fromtthe bpdyasfahé tramswassioroiing which theyaefidetoathe pagitiem whémerona of the traces
_ pair of 15 canductive circuit board traces exiting a
exitsfegm ap psspelaied a3 ve differential signal vias and

| eqdi fQHeP obj%ctd(;fglf)@@ggl{?it aveﬁWQ lo gﬁ@ﬁfé%ﬁﬁ&?ﬁg&g DpaifBf

the circult “boar e traces 1 nclu
condactivbugdicuit doard|ttages ¢xiting Dpait bfdesprotive diffesensinbsigmahvas tisd leading to
.a corresponding via, an exit portiqn extending fro
a diffepentiebyignal trapsRissipn lingior Bermiteut PAgdi ch R the; ey including a
s O . . - di _ _
condb AP LA Ry i PGP L b
extemaliig from the el pogiodAnd esroiiduting én teaimabmamesxtisiin mirtibd)ehe exit
circuit board that is spaced apart fromthe pair of
portigp frichipdipg apincreaseg yuidth pogdom the SiEnal HapgRissipR POTRp exisading
Vi h : ; . . I ‘ _
engh 5 gt 5 R4 S50 OF S0 o el ofpiTrni
signdl vé3 At Suhlichnddeb A6t infkdeld thy @tasahé exit petiondjnehidingf at 1dast one change
present invention_ is tqg provide a circuit board having
of diegtion H eroertemageh withthgsigna) transmigsign net pattern
descit i V& .- i.r-cuit. i i .
oS SARR Bic R B SR Ak R S Pavin e
diffefdn@iblesi£iay e1atrdoa ¢kin gateein desctib@bsboveed thecireut iardincluding a
whi ch enconpasses the collar and_exit portions of the
plurahisy of grpurfl plaeg lapers.cack phtha iround plaas layeey having an aptirpad, the

perin?é}gll “Whi !:r?c%[‘r‘pggseg Hl%p(%!l?r:a%ﬁgexit:}\éﬁ{btr{s 38 tﬁeg)éﬂ{og\ﬁ%f?%\e/ﬁltaaé signal

circui oar race are us
trace€xXits or routes out fromcircuit board vias in which
the 30 i npedance of the transmi ssion |ines faornmed on

t h¥etit isstilltanpihsr ebipef of dintnretentid VeRiopde PFaVads FEpul board trace
[ i 0x k171 | r.of . di . .3l
prBHE e PSSR R RELT s AU R Bl e
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 WO
wWQeMSHBI696 PCT/ US2005/ 004469 | ocated at apere€EUSI00E4469
imaginary triangle. Still a further object of the
present invention is to provide an arrangenent of
di,if ferential . signal, .trgces and an associ ated ground
locatfep_ggz@ef(ﬁsa‘ffaaﬂrla\?ggl amfn?ég'sm ssion line path on or in a
Pr 51ifl @dughdr&bject HABE PrebdiRinVRhBSMIsAS pEAR@LAL drvtigement of differential
~coupling anong the differential signal and ground 5 )
signal tracessandantassacisttsd grewnd thacs that@ro vigee transmisdion kige path onorin a
. transnj Ssi ine fromtheir exit fromthe.circuit.
printl S5 Bz Pt bbotGbtciiit solibe O i o G e 4 Sigpe) and ground
trace¥ @8 thekdblylreguldtt iHelRipe@ddce 6F theftrahBfisBioR $i88 frohheit ek B FrohSthe circuit
to provide a circuit board conductive trace
board, vias ey ethendesfipatians en ke circuihboardst r uct ure of such

traces.fr a pair conducti ve. vi.a di sposed . t he .
o EERl §Bng: A8edo® e R v eiohif Fo mE BB SRFEWE Bodrd onductive
tracedrRAbEhErft fosis@Rg b et sthiktete bF Sid@ntdcad frém@Nslir sTcoRdictie vias
the Circuit board including a conductive ground pl ane
disposag en the ¢itcuitrboansp eashrod whaehms aititinest toitransmhiglesprinal signals of

R GATEFT JBh Sei B SLSEL P B R0 it
openSi YOHBLA MR thd %i%@%bi@ir@’fﬁé’piif Qﬂ‘ﬂiffgl%nﬁill%i?gnﬁl vias, and the

toward each ot her an ei ng spaced apart from eac
exit gitvvaure inclai@ingw privefrantygygahandyctivegoetiina egteddingamayy dios the vias
subs ently. narrow do to thinner portions, als
towagd gach s and BB SRATeG FET IR AN St Rt af LSy ST paEe the enlarged
portiBH@st@édg.l@ﬁﬂy RAFIWiAR Qo wR W MR bbRBn¥Maldd sbPiritell dREeach other by an
portions Iin an area of the <circuit board which is
intervertisg sfacefthe théneaportiohs sdramunithtingowitls drin trace/@ortiomsnin an area of the
. _provi des. these qbj ects,. advantages and benefits by way
Clrcubtquafcg“’ﬁg:i’r’%%‘ftﬂg%."Fﬁ?‘ﬁ pB‘ﬁé’?i‘S‘raF'nci pal aspect of the
gf ‘?ﬁ%ﬁfe_sr%/\rg\'{r%@hﬁﬁﬂproﬁxﬁi% thebShiBEE aBYMAEE In@Peritfitd KN%& of its

oar d. of the vial are désignated as differentia
strucsirgnid or:ﬂhm-inclimua@sctsxﬂ‘ e, prbta?zirivm_]:t}i?d o ?_iascamllpml ! vidleé on a circuit
races at. lead away fro e.differenti si gn :
board; DO hE Vieghie 3%!@%@@@#%@ sigapl g 4nckas SPE, Ay include
. . Lol si e A=
e L D R R iR D Wil PO SRV he
circuiti blmardaarel tHeseitgucest dedina aghi fieractial isenalanohsmissondime of ttesycircuit board
are connected to a ar ound refer e(pc,e | ane, V\hi'a%,h IS
layery Thedpmpinng toxvigs aan designaed agropid Yiggand assFl, theyAre connected to a
sroufl {Uférch W) Gich 7 B 21} B £ lahe o By & B il creuitoard other than the
plangodapne in efhéchethe diff2benpilabsignal srahonisedn line extamdsn dihepound reference
that it _has an openi nig formed therei ra/t&lhat gnconpasses i
plang ydogmagd-in agnanngpsqihatis Patan eRentigdaaned ngrin tpaengpapiges the pair
of tloHh TR ol STROBORR! Rfert e WHE i LorkBteBIPUN of the ground
vias.i Tiegfonavias heturragpeted thid @unas ofarcimainany fargaled figure, such as a
rectang| e, rhonbys of thg i ke and the ground .
squageg Festangice thompme obts like aad thegrapny rsfesenge plage maybersglid and planar, or

it malélzh\ﬁ@e QEHP' c%lat%e-li?%,ts'{rﬁé‘tdé. ke, structure. 30 In another
rinci pal” aspect or the present 1nvention, a new
| almubothed prigipdl aspeat dftha pfesent 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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conductive traces leading froma pair of differentia

signal vias is provided. The exit pattern includes a
w@aoos/0®fsoconducti ve traces that extend in a plBOEUSI005/004469

| ayer of the circuit board froma pair -5 WO

2005/ 081596 PCT/ US2005/ 004469 of associ ated vi as,

preferably r of. dj rent.i al n

of asGocuit s aeeiehblis Bried! SitEisBRY Sireh i Red aeBof @th?fes includes a

bende%itﬁmt?@rladngﬂ oPExit E@mt)ﬁ 3Efhe 08 ORPHerR of MR o‘?ihetthﬁe exit portions is
trace exit portiohs is disposed inside of a bending

disposadiinssdeoff atttmdmtghadms ¢fthe othqt,éar)d Quter} Graexéxit mmhon, oo that the spacing
so that the. s aC|n h air of trace.exi

of hg Gk DDA SRR AT £ e Roraly SR 4 conigfent distance

frombeﬂlgﬁk&?ﬁ%vﬁ'ﬁﬂﬁ' tﬂbﬂ of fHleQnﬁﬂlsgi%ﬁ‘?ﬁlbat ed via to the

e transm SI on line. In yet anot her

pr [my)at padthagpacipabispetiefthegesnt invertivn, grpattarmpiat & pain of conductive
f.or galr of. conductjve CITEUIt boar tracF e itinﬂ :
cireyighoagsh{Feies Aing (efnrise) p el BETSPRRSUNF AN raiis] SEnal Vi and leading
helcih b
toa Hx'f%ﬁeg%ﬁ%géﬁ@ﬂ%n?%ms&&n ebrE: f r% CcEtI@tl't 91())22{? Qllﬁgngreccl) V1Each of the traces
includas b caiductiee tollae psrtion tiedt edercles and rdotatts weonedpoading via, and it

portion that encircles an contact a caqrrespondin )
furthir gacludgean exitppHion fish PERiS ERIB ez é&l?‘tm%P‘t OHPStARE terminates at

the s LERARi &R e BRI xApoRRIH {RILdREEh i&t{ﬁedt \91d9rL ortion, and in one
rmnates at the sig Al transm ssion 1 ne. The exit
emb@dmieho this incteadebwiith pordioe asgdegindit hegqraohd camrerlimnitiai mans from the
one enbodi nent, this increas vawdth potlon[m
centgrenfiope diftepeatil iigaal disfodhs per GHEFHEhNETRL i (S thereased widih
r [ t
ror R h4E R PR AN LRI o0 Y Y s v
whe@it enflimars dy rajucingaloamsia witthlte dsit obthe s@aﬂtrmmlssmnﬁ&teho which it
to the signal transmi ssion line, 15 where it
is joigd-ni nat es by reducing down in width to that of the
o Bl SRR el SR 5 hSbad ot e
whevieosell ifi@ut sidver Gonpa dirdcligh normidl ed the phavietbfithieosondberise trace. The
or froma direction nornal to the plane of the
increagidavidth pertipnssleo appreac .eﬁ@? e aflereliPisang {05 Reuptinggurposes. The
1ncre%§&f \gglgtgpcﬁﬁﬁns %nﬁs‘%arl as e sg %?%eaﬁ %gl;: tglg%({ﬁ gf g}&a(ﬁg? bl &ection along

thelrgﬁtlﬁﬁbm théipvias fethakighslasnsoisiondinds. rthe pafigeediembodiments of the
rection along their path fromtheir vias to the

invenfiqpfipset W%.Qﬁﬁhq paicef differentid signak tgacepare evenly Sized and
| DBD i nvention these flag portions of
Syrnlf‘g;gl%%lal r E%Ché’fﬂ? erential signal traces are evenly

si aedxanplifi@)ifmmbiheCehbodiibntad e grefmt invéstidny eigihipkdae of the
i n anot her enbodi nent of the present invention, the
transypseemalivgs formad-an the sireyibbeasd. oo particplsey theopxiter lanchpertions

thereg)lg %fa?'bte cg ttr(Hfje’d bglfp%sﬁ?%r L g%g\trnldy tlr clggn gfgxsmﬂ{' | ?ﬁfﬁp Qf d1fferent1al

ons efe
mgmqrtaum THeagurdtrdde @Xpakitiohed @djacd@td th@fdﬂﬁtrélftﬁlﬂ Sﬂghdtlafaces but in
gnal traces. The ground trace is positioned a%iacent
dlfferemt tayersmfttheecrlmuttubaardﬁoghalt ¢ thaeedEacepmay pp consideres asfprming a
“trlaI ’a& Tcu (g)ﬁg Qie ﬁns nad cp 1? gﬁrgl TS ﬁoh%thetwgé% it I}rrl G5 ehd f%f Asection through

Yder et Ci rcui

the d@ait ﬁoara_hWEerE rthéﬁbv@ ﬂﬂ‘fek@iﬂiﬁﬂilgﬁll traGesla@d thevdssygisted pOOM@ race are
end in a section through
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 differentia
signal traces and the associated ground trace are
wo ommabedi@t apexes of an imaginary triangle. TPCBHUSI0084469
arrangement within the layers of the circuit board
pronotes capacitive -6 WO 2005/081596
/ . it .
coupg% ﬁggggﬁ%/cgﬁgréﬁ lts@ggééd.d %&{Hﬁ(fkg:e%a hﬁl ntgirs,nfxﬁgﬂ ttl&é’\ﬂnpedance of the
transimiiséatelivzemay bé Fegulatedaftmirits sxio portione fromythb eias ef theaireuit board to
fromits exit portions fromthe vias of the circuit

othengpstipptions op theesirytdoaidat i ons on the circuit board.
Su i1 euw ' :
rus ot A Hobe P AR FRUE binkReleR af FARP IR o T guctive
grouad plape iyagwit bh spatieg)i Tigs opehing, b withhuelier @mbodinmeind of thé invention,
the inventign, enconpasses a pair of differential. .
encog|pgsres a ppigof diffeeengabsigep! yiaandhe sraypd plane of @ng.pf the pircuit board
o305 AURAE 2 el 50 PSR NPy e i
dispds8il Bn $t thatiundlihsqupheshdostefetablyhisitects) s donrcngdbictive@@ening. This
preferably bisects, the non-conductive opening. This

biseqiprsstian Bins SePaen ape yndsancadeer abave thedeanpaiseiendine gaipas of the two
. . el i L 0 _
e S IS A6 05 Aach 16 syt comprise
diffeRsntiaNg e racedpaid 416l théiF 88 otin@d @foundat conprise the
differential signal trace pair and their associ ated

gr buangther aspgplo theediffersptéal signalieaces areapetad pul frem ghean associated signal
vias bh Beirchlt %ozrirg.%oen%i a? clé%nrgcr)rp Q{i{:.hgl rair%%%?o%nﬂtv?% ighe Ied along the same
Vi as on %he_0|rp Saru™arond®a “Cémmon axi s air
axis & thgspaAIviNd ARl drs spicE@RGSEr altsiag of the sEg’hﬁEvia@%lbﬁiﬁ}‘é akfse Two
signal vial and are spaced further outside of the

ground gxihiraces hgviag 8meati vrewieive dthxesnd Kingplanmadjacent tottheplage of the

. having.a rel ative wde w.dth extend (in pl dj acent .
signdl 4 S pdf R e o hel SRR el pBrFBEESh ot vie,
wherk filgeygbRUD getHérand RMRedirRcdN U Bie diRtiién ERnYE Rbnkellitat matches the

signal vias, where they join together and change
fgqmgheir exit

chang¢ medirdcion, oTmeutinigr elcthe diffecendiabeignal vinsas theytmenst
.t he hange .in di.rectj.on, Qr _rQutin f the, . .
poritpafE R S gh: Mook B 4 B sliliran eniypqee s o
widtl® eHat isQRe leRodgdho predBRtH Witle @Fount REnRGIE tdt B $wo AifRéntiahbignal vias.
extent, the ground via exit trace has a 20 width that

Prefarably dhewidtholighs groupd vivenit tracopxiendgrhstmendhe aatar edges of the

bt BB PR i AR B v
ggmﬂhgngﬂgﬁbnﬁﬁges of the differential signal vias from
a presel ected di stance, which may include the entire

| efilgsh and othieeobjsétefedtutes and advaniages ofitheprefint srventien will be clearly
ot her..obj ects, .features, a advant a of .t he present
unde3gyE Rl e gL S R B i G g o

consi deration of the follow ng detail ed description.
Brief Description of the Drawings In the course of
Brief Pescripgioni df¢hie Beawinigst i on, the reference will be

fr fndhe Q(t)lllrze Qﬁﬂles dte%iltecrll ‘Ealesc%%) igrﬁ I'tll(meedre erente Wil bleq"re\a@clm%g':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 1 is a schematic view of the environnent in which

the present invention is used, 30 nanely, in a
whamkpsEne environnment for high-speed signal apdr/ustoas/ 004469

transfer applications; FIG 2 is a plan view of a

known circuit board structure with two vial forned

th [ -7 WD 2005/ 081596 PCT/ US2 004 .G, . )

PG D o pRrP e T aU bt Y1 APERmB AR Rl U Ap0d reeit board

SUF@QCA Rfa dlagrhmstbtit, ReAled view bfa kWi Prifed circuit board with a via

di agrammatic, detail ed view of a known printed circuit

formsdan glagg intthe budyofthe pisetit bpapd ambextmdimdmd?tekyfthtmeh the circuit

irc board a ext en ugh the...
boar; i fh PR Sivine MR EG DR ARt B Wi the body or
bet“%ﬁ’HfHérB&é&@%?t}ﬁrdi@ﬁﬁﬁgarﬁs | ayers within the body or 5

bet ween ot her |ayers of the circuit board; FIG 4 is a

pI EiG\4 sw pddn 'anwtolf @notheriaowei m@utttbomdaimngnmm’q derrdifferential signal

for. dlffe ent j.al atlo andJ rati
soplicifor o 3t el ko (reny LRt %ion 3T iRk byt e sSound by an
nonJe&tdwuwa&Q €l sEYrrRdl inRUINECARE Grdii pldrRahdt tgaltromfds pairs of the vias;
formed in a conductive ground plane that surrounds

paFiGQ. ois atfian viewf yetrinGthes kigwm cipdratboardarapgement with two vias

T RN T BTN AT RYE
surr@HdinNRE 61a8 afeB1RHIBW R rdsP&et RO PAAMRNN T I RRASconductive area, to
surrounding the vias are enlarged with respect to the

giverthaepeanceca a:)‘fdoghmeﬁ@m“dmnbbﬁdlf’lsh@ear ea, to give the

op ea a bone' " dunbbe shape; FlI G
peﬁg‘ﬁre@@mm}’?@ ec}?e‘%ogt picgHt b %P@Strttrrfgaé -gis rﬁ*&e@ of vias that may
be ugel-dgt‘foﬁdmtérﬁfﬁfhgfal X*[ﬁ&aﬁ&%t may be used for

erenti a gna appllcatlons 15 FIG 7 is a plan
vi EWG.0f isa plarr dewtofhearcdit boad aka araggemerit consisictadah @ccordance with

e L
ar FE@ %em sanfe Few %s G Hﬁ %u?@ﬁﬁ a‘(vxﬁ hfa:’ne Yayepl‘ﬂtplace on top of
a w de ground plane’layer in p t op “of

the cmrcm: bobirdfore] arithy urpplses dridycopnieqpaistoswa rgdound rvmcmtddllmstratmg the

two ground vial and illustrating the ﬁ#ionai. -
dimepsjoq gemest of fie SR ATSRSEHO %ﬁ‘ﬁd’?‘ﬁ@ E@rﬁma sigpal vias;

di E{& r@ﬁ%ﬁfé}s LtfRaiew bfhe v?aoax’r:z{ngem%nt' sﬁnﬁ%ﬁs Ited? %@FIG’ ® showmg the

vi ew of the VI a arrangenent sinilar at of FIG
poinsefintegohieetiopbetatesn dfe drovrel mlame) ediichas ilhstrased on ttinetop surface of the

ground pl.ane, s ill strted e.top surfa
circugt baapsection i twwl;th% ggo'@eti VB & ifme Pﬁté‘gg A G Tattice-like
conﬂ:%@%ro n! glﬁi 1y OSJ ﬁ@f&a%\ﬂ Qgerﬂn&&l tﬂatoé'nc&ﬂﬁﬁaslgsea i)élkgf differential

guration aving an open area Wt
signﬂe.ﬁastreter that enconpasses a pair of differential

nal vial; 25 FIG 10 is a perspective, view of
% tpetspeqrtvsan“hotthearrgngemlt o vigsnd0r Rgput WiRtrating

add1ﬁgrgél gto%ﬂg%la%g %é)%ns QH%f ltl?ey(?\f&alﬁtﬁ (ﬁﬁr Toal‘afcohgt?uc%%ﬁ F@ith the open

ctlon open

areaeélﬁﬁﬂ‘i@a@ﬁl gie bhie op differeditiallifiat v thral glﬁilhg Ihai ght( Ioaﬁepth of the circuit
t hrpuaw t he hei ght or depth, of the circuit board
boarg|j wih feesropnduiencs baingselse ey sumeeted (nhg Srand déasad theprrangement;

t h?l@.rl%&nlq a\tbﬁ‘ﬁlaﬁfwé\&hgf fRE Rfﬁanzgt%@&'ind 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 a top plan view of the via and ground

pl ane arrangenent of FIG 10, further 30 illustrating
wa2@aigised differential signal transm ssion |iPET/USBOR604469

exiting froma pair of associated differential signal

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

i GBP B ROt ol b v n

tﬁﬁgw(m&feﬁﬁaltsigﬁe&amlbmmghn@r ‘I 'aunchi ng" or breaku ng
out" fromthe vias and neeting a differential signal

t r BKE il 45F aiton plae wqw of a gtrycpure simglag gnthay %lﬁwweﬁ/l(é,f 1}, but where

Gt ur | ar S 1 t where
the oF O Blo Bl s ded PSRRI bt dorgSi, "o
I nprceasesithensdhe VRSW &4 PIG. 19, Bt Griedtéd DO dbfieesSadarlightBndse in
FIG 11, but oriented 90 degrees and slightly nore in

perswrlg@m iflygiraging the depth phthe Nips ehd theesignal Gacethseakopigoppreted to the
i tQ,e signal trace breakouts connected to the signal
VRS FIG 13 is a per spective view of the arrangenent
of Fiet. @3 idd perspdcite Wieddthe BitshgehRhesHFIGE 11,aakbnffoh @Rend thereof at
angl e, and ilTustrating how the circuit traces exit
a differentrangleiandiliestrating bowttwcmuaéraaeﬂjexﬁlf@om Itheirstwoeasperiated vias and
creas t t he conductive traces;
itusteqline BEREREEE Yl Rorind 0P ohankfs B % onauct i ve
trBEe 18216 a@@; }{;@ﬁ RiePbBdnot et Bshdubtiverefe s ?ﬁt@erwlcbﬁ‘stﬁﬁﬁéd in
principles he present invention; FIG 14 is a plan
accox‘daew with shdmmplm dfitkee presenbiinventdggmal vi a arr angenent

1B 7% &plan i S ko et BERERAL R e Bere b e g pr of cirui

traceS eQiiab therdrcdh s angenent, with a pair of traces exiting
therefromand form ng a signal transm ssion |ine of

t hElGilbdsia plabo'aerwj of @ather kown deffqmentebsgnalwea maengement with a pair
anot her ﬁ‘lﬂ | rren of .a the ifferentl ace

of traggy gxitipe, i 4 98T hagTbann Gredt BF sl 655%;
di Fienend A ﬁ!:rsﬁécﬁoé‘ bic 8CR0f%E EmPEdin@hiofQf thE Hf?feré'r@nal"élgﬂal trace exit
a 20 ground reference plane superinposed over the

pattetace pattern; FIG 17A is a top pI an vi ew of anot her

e i.pent of circu d ro construct .

P RE B A& et Meptd i Aefpt 85 el s GRERLRIS(Hl0. 16 with
grouhd‘Ye@é}%h&rblﬁfé@ubéﬂrﬁﬁ&sre@to'vé}gh@trﬁc% Fa@én; Spaci ng bet ween

two openings formed in the ground plane of the circuit

boEIGl.17Ali6a tdprplan siewhef anather embedimentof@ citkdit boandtrovlietont

a W der spacin rted et ween two 5 openi,ngs., ..
conshbs RIS GrIL TG RSSOl TSRt ng B gpepe a narrow
spacih§ befivedn t9P oﬁérﬂﬁ‘gsvﬂoﬁﬁécpfn i: Y thotlﬁd pRAP 8B TR EuiPhod.

circurt board route out fromfour wvias, illustrating

t hElGud@Bo$ the samie aibve 8y FIE. 47 Aabngevieng wmerspea;u@nserted between two

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;

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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FIG 18A is a sectional view of FIG 18 taken al ong
lines A-A thereof, illustrating the triad-style
wa@eooangspent of the circuit board traces in thedT/UpBDH004469
on the circuit board; 30 FIG 18B is a diagranmatic
view of FIG 18 illustrating the vertical spacing
traces used on different |ayers of the
boar&)%éc/:(%x{&sboar d; and, FIG 19 is a top plan view of
anot her enbodi nent of a triad-style arrangenent of
circuit -9 WO 2005/ 081596 PCT/ US2005/ 004469 board

Ikﬁuk@ﬁhs' ‘ reddimbodiments of the Preferred
b llgggtpgrsgécgv'e vneivoﬁtaa Bk mﬁl@ﬁ%ﬂsé’rﬁblxn ?)Yey dr? (Nh‘?ch a ]i)rmted circuit

boarcb Qé\ﬁeﬂed tch@Eined at“ﬁlohi%ﬂﬁiaf’d”amlas Jmm@ram@adrdfarﬂ&ﬂcuits)oard 102 by
jOIned to a secondary circuit board 102 by 5 way of

way efneqr mare sornsaioact QG sThegonneters d8hiss @tfblf@“ma thgart, gpanect

cond&ﬂ}vghcul(ﬂnt? P§4 wlélgh 38 Y In\e/ogltd %gvgg};a%g%g(% dé; Spo%é'% é§ aJSQrA}'ace of the

mothStbohAL R 19to dillar ETR%ukS 1 b®aispostd bn tlﬁ@se‘ébﬁﬁaﬁ’ﬁélr&hﬁ bblatd B02. These
106 dlsposed on the secondary circuit board 102. These

circuiss 1 @i 106 tymaallyiles! toyelsctranicyoinparentol K) that are maunted to the circuit
bo ionponents 110 that are nmounted to the circuit board.
O Cables may be used to connect the assenbly 100 of

FI Gablds thdy BEIARH conRet the AssenBES FIDIAFIGAN o A& electronic assembly

cabl es are but one formof an el ectronic signa
and thesgresbies giedt bnm’@nn@tf 21 ﬁlemormrs smaléwmlssmﬁm Ehegrforms of such

| i.nes be .i ncor a n.the. circui a 104
rans g e QR et b B RO Kl BERR titibty and one
such @AY tekeRhdforhid ¥ pRirai9 e sAdueBvd fraes YisPbsamest vAthin a plane, or

or wthin a plane, or layer, of the circuit board. An
layereodahp cicwf b@nd;hAa examapls 0if sedhontrarisméssion listegashawn @ KiG. 2 and is

Ve 0

repreg gt e SR HOREHRS Pk oLt PedR i agysy today

t ogdata. 2! J‘C1qu@bogrd P0G Kot h gpthdfity 6f SRS ARatigb@in a
a plurality of vias 121 arranged ih a pattern for

patterrefoe receivin g eorrespding qmgdww@umtﬂ af@ntelgicirgnigfcomponent that is mounted

to th%lﬁ}g(g%trw %%ﬁ\g@ﬁg jsdno ﬁ 8130% %ﬂ&lﬁg ltltglgliéﬂi)é]ilcfu%e athole 122 that

exterld¥ PhrbabH ﬁle'eﬁﬁ}eucﬂﬁkﬁ’esg Gf thekZéuit Badrd 1901 ?HQ $iak 10 PUp14tERalong their
entire thickness of the circuit board 120. The vi as

interibP $urfaces p2Htand thel oasgl 21 HepicalBOincintdea swall snnntﬂm afagating material

123 igh G155 16 gt tion e el e utpte of BEETaE: pysd 120. A
pair 6%%&%%%&@65%24 h?j AekRowan th%ﬁlﬁng WEPRES tRE viaB€21 and, in

circult board pai r of conduct’ive traces 124,
differcABalayignad hmlnamo«tsewm ofghatragesfl Qém%hmll\noaperamelﬁdcﬁnq adifferential
lications wo of the t

ifferenti
signa] ansinisgon e “SBOR RE Vo GoREr e Ta e <ERRRBT Y e lke.
Si @NAs thdrfRes @Heﬁﬁieﬂﬂo&d {8t the diffdrétial 3%%51 p_taQ véll be sPht into multiple

connect or, électronic conponent or t
smglé-hn&edmgmﬂ&rl,s rédueed. iTihe ldiffierextial kighaltvises 4ﬂ1fa&635®nttd) aénetrate the top

gnal will be split into [tip si ngl e-en
metalgigiiad el lavgtfisatl theiecui et ainélha&“%aﬁep‘%?’é%“ 9 (center-to-

centeft) fhatis Féds HAnRSREL S Bt i, i %ut@Rlimensions 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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nmetal ground plane | ayer 405 of the circuit board 400
and having a separation spacing (center-to- center)

WO bas/08159¢ ess than either B or H the outer di PENESINT004469
of the anti-pad. In this manner, the anti-pad is
effectively decoupled fromthe differential signa

pa#?%?‘ggg?gf’mﬁﬁﬁfgo (g &1 | r%éube ﬁ,)éneﬁ%tr ﬂ%%p%%em""f‘é the circuit-board
120,Buf 4re BB tused toSh@RAnnddt @8rid circhit be Befdard tPetM¥. As stated above, a
’2005/ 081596 PCT/ US2005/ 004469 The vias 121 are used
clrcmmoauiﬂsyynlgal}mume uponrressries Sf lasiers 06 afiberghass rastn th:emlar compound.
UIt are a I nte nnec
A e s s AR o e a6iBb ARG PUIEEHERTto Bt PARBEEN G5 on the

surfRB 0Y the 18yer CA dtherilayRP 8f HbdrSlabsydtirédh iyapphed td e Fist dayer, circuit traces
series of layers of a fiberglass resin or simlar

are fomqicandéo onAmp] amunltglayaly@rcunté)oam iferthadovigine plofalitheSarcuits
duct t
excl g ol Bo RSP B el S B 1B VRS8Pl Ko

hole$ B%d ﬂle'c%c@i?gbdrﬁ dnd expdImgfthd &dndudii RS lay&h hfdHhen tHedRRE surfaces of the
are fornmed and so on until a nulti-layer circuit board

vias asa flaedyahierebyt ¢onacgingtogathey, af ofghe l:ayctsshatéaucbrthh h@e edge.

h the baard on . the d| fere e
O Rl Ry h B b KANET Rl B3 Pl ol a v
121. bﬁ%\qa NWlated BRS IR thdb15h HARHK %at}ffgl ﬂz@y&rpﬁatﬁg%a&&m tHaf Surrounds the
i nner surfaces of the vias are ated, thereby
holed22nAcgapr(g ntag hetforaved cal the béard lf@et aquthss gapspravoles Isenal‘@on between

e RS iy ) SO ST P st 11

Thls%é G ik ?olxég Otlfoﬁ)r@at : ﬁt@t%gtgré ?ghg\llét'tgﬁ 1ﬁ§ Sfru?gﬁlg%géen discovered that the

grouhd bl%né BiYer ihay dﬂnﬁemﬁj&y ireflfencathd transrhissioh Oﬁdﬂffekemynet si gmlis from a
this gaPs provi des_separatj on between _the v pl at i

pair qu@ffawa sgelivias-r Bpwpesicwith fhingrecsig be e theﬁé}ccaré getween the
via aBH ﬂ{e 63%5 %?%@&ﬁ?ée Qan\é' c%uéleg %he I‘EA &s 29932) (gftdr%oﬁ x%‘fier{e&e plane.
provi pr otec n agal nst ortlng n

This@dffactdy egpeciallin pionbintced In Ghstures whamhérayxﬂfmmaple ground planes with
detrinentally inf]luence the transm ssion_of
gaps@r PPeitgs that| sugPyithd single i 14 cameduse gignalireflestiont This reflection takes
| s structure, the gap G
ener?;i](g{l %lg g%: uo?%rabﬂf%?éﬁsrsioﬁﬁnte Q?,%L}gn d the edge of reference

pl BRI 3enillessatédia awcherhaticABartet, ap@diffetdnt 12368r1394,129b and 129¢ of the
reference plane. This effect is especjally pronounced

circuitrpoged: 129 anddowighe via I%OIJ\%F%Z atendsihrongh all gf BigAeyep e in order to
mate it surB@0 fradd 12211%%% Sf@lttre? %H)P%ﬁi ySi.ngle via it

can cause si gnal ectlon takes 20

eNehgyhadhiér dfﬁmf)ﬂ)@'n@/tﬂé péﬂforhfaﬁé@m disferntihli gi@assﬁai 81k circuit board is
FIG 3Aillustrates in a schemati ¢ manne

that whichdy @ﬁ@tratqi/@r%mlégad “ilz@bieambeﬂm& %fPatthé No@ﬁﬁ@bﬂfﬁ issued
Augus? zil{) 5 951 t(g lf'gra}fyﬁae Q] gﬁ%t;értlteg gl?ﬂ.}IMO%F@ T'2Orjl 1s shown

a ers ace

havidg @pl%ralﬁﬁaf ﬁﬁﬂl,’!lnfd)ﬁhe(ﬂ fhgfdin.t Tl@@ﬁlas 1274 breafdnded4s paifr differential
manner of inproving the performance of differenti al

signal |trgn%mlsvand ithesciequitbgpnd 128p08tains a grgundhepferopriepianed 29. A portion

ed in L
130 gl tk‘l &eﬂ%« geglr%\bn}f @ﬁrﬁe arf{":‘aS gbﬁgg e%&rcgg | 8)% '681\{{% élal signal vias is
remo38é t(gfdﬁ?ﬂ an@peRnAdTAR rethB¥ed drén, bhbperigd 3T, is @nithéily kdferred to in the
board 120 is shown
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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having a plurality of vial 121 fornmed therein. The

vias 121 are arranged in pairs for differentia
WGer@sas1she ansmi ssion, and the circuit board 120CT/US2005/004469

contains a ground reference plane 129. A portion 130

of the underlying ground plane area which encircles

t he a.pai.r of erential, si re ed
act 45 SRR oyl MR s e R s igb ARhefieg g6 he ground
planle %p@rﬁﬂ% Dfhi¥ céﬁfcﬁ&r éf?é& Rnidtolthies erRfdy AR ofifny @&dl trﬁl?s%lsswn line that

patent explains that the anti-pa 0 shoul
mayédregoined ® thh maswm vThs uselfthis Thial-sézed et antepetdas ag ettetraptrto loosely
i sadvant ages. iated with it. For exa

cou HE 4 DA Hios 2ly0uEsh SR O ot e prORpOBSS b AGeunding ground
pad QPélaﬁesmﬁm@ Ghub erén%@if nhhpéoﬁpﬁlllé‘G&@eé}thQ wo Hﬁ?er&ﬁﬁl signal vias

bet ween the vias d edge of the ground plane
121.0opening. This capaC|tor effect tends to take energy

out_ of _any signa ansni ssi.on |ine that . be . .
§ oiaes Tedte et KOO g GRHORIO iFGLe hoa 1o o which an anti-pad
131 Iﬁm%%li iR RS cdrderHor@dd £ etlGenl RO + ¥ias ‘TQPRJ Eﬁiobhzﬁl VIl
signal vias 121 together electrical
“doghoaxi on ‘idymbéellt hppaamancou Wﬁltlmj;usgappaardn@ ﬂﬂdint)fpaﬂllah&; large in the area
inhibits rue s r.on dlfferentlal coupl i bet ween t he
135 SREPUBELRORAT & vids g%ﬂm ut it Sien ngrgws dpten sl hefyesnria thcarea 136
be AR R0 ROy L0 e oPRGRE oF h@Systd encray that s
nornpdlytlostrin &\ﬁé}aﬂnﬁt, hetthe tsimfalltam of Itl&sgrd:ﬁid planaatoispadainhibits proper

overal | __ "dogbone" or "dunbell" %%Eear nce. Wth thg
performaegs- aheie Str‘ﬂqﬁ@eéﬁﬁrFSeﬁ‘&anl%tmeth fReF1igpesPifpe system and
o0 10h 53y AU Q9 IRl TRl bl wo s
viastfblahéimrmlmémg'@ﬂd)mdqﬂmwvm ng results in a recapture of

some of the systemenergy that is normally lost in
operation, but the small area of the ground plane

ASS\?}H “etx@&‘ii}’eﬂp&%atl%’lg%Wfonu&erf ormance. This structure

Epresents amn attenpt to bal ance the capacitance of

t hEIG 6 tldustrates andther deaf byard@0p Ihavé Wﬁammfsnr@htalhewna& a “5-die”
together while still keeping the affinit

via mtt@ﬂlaﬁomigi eredn. £ Biis psTR Inclides triPHE ¢ Ir(biyfﬁsntpql éﬁ@al vias 202, 204
| Fi
o TR B GRL8 B ST A a8 Lo i o

differ@ftiat sigahl tvinshiful@des tas dastinbt \dhﬂOZaVI(ﬁbmﬁQenm 20ab.NThe two vias of
therein. This pattern includes two pairs

eachqjueh differantial pasw yrapicallyaligoed together along 3 ﬁ@h@ﬂs b (shown extending

ron R8P ey SRS ) 85 39 Syl B LI G R
trandvéise @b theiflitsttaxis IBF. PR @iffeZddbl sidithl #34 20220404a-bgpitay have
vias of each such differential pair are typlca

conduictigmteares tﬂ@émgéronaﬂwngtownpthestiesanatsomqw 1419 Gowit boara/ 200 while the
eft to

srou B ARl T cp il ity RO st el gl board

205 bh an fHeF Sffac® tHeh®fhhd Abt xinSnPIGThe di fferenti al
signal vias 202a-b, 204a-b typlcally have conductive
|

t r ficdss typaofi \ng pattesm twioaraits of diftsrensiel sigeal ivinaendrshers thegingle
rcui t, boa 0, roun
srouig i SRl ftnati b Born B SRS BB Riltals Setigatem oreates
crosihikhiha itti§ 8iffEdIELS verPRAEIY 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
waoledosesemd | al signal vias each share the singl BCT/Us®OFHH4469
via in the center of the pattern. It has been
di scovered by us that this 5-die pattern creates

cro al k.a jt. is difficult to very finely contro
byﬂFﬂﬁﬁfﬁ%%QEWQQI%?;such_a system The grouping 30 of one
of Fichey HaftbLpRALIN oA drdditi Yoard2iD0, widl4 vaNsydul Bo@RERH in

ground via is preferably triangular in configuration
accopdante with theprowiplesssf the presernit snvanideh mtwhible thespading of g vias is

[ inary triangles represented. .-12 05/ 081596. )
st oga DU o ARG o550 P EB G b JOspfpiefoser ) hei agsociated
groufid V& F02Y SR v ﬁrhlp)eﬁf&Wthtelg"’lhg Edrfedtidh RO hgmg Binrd B s@o¥ll Bair “BB” of

[ 'ayout constructed 1n ccordance wi'th the principles
diffeodntinhagmal @menMultiplevias301 iare fohmedint the cspatchaagd 300 arvkan associated

vias js. sta red so that . one pair aqf differential ) )
groug! §ias102,s B Vidkin pssopiafioh wifRen Bl efred Vabp pRapEifferentia
_ dri . . .
s B0 16 M RS0 1 AR ) S ot i
to foeth fafpairexfidifédrerstial) pighalwiad, andMhk tsgokiatedi gasundlOia a02isfspacaddipart from

in the circuit board 300 and an associated ground via
the fygaxjss byflgcaterbbetvpenthie Swe sienalvias Wienariew ¢t @ragdizgsiign transverse to

i with a pair of differential signal vias 303.

thef&%&#ﬁgl'differential signal vias 303 are preferably

al Wpeftr 8 digstauchuré 84 a Spreferdntial grouddirvia Biypati Bec@ilse the spacing W1
differential signal vias, and the associated_ground
betwgpporspdifierentiplignagl vispeir A4 ond asspeiated grqund wias302yigdess than the

|0 d, between t t wo .signal. vias when viewed.in a .
spactai R B e Betel o SaMaYie bof AR R b igRaguCbar B of
diffeléhtibldiSnab Va8 BbE! B hfs ManRf, ShE6RIVairddf dfEremehl siphal vias AA is biased

| ayout "because the spacing W between one

in itsdioiplemgetomiapd itsasyocinted igeoupdi302 And aetdowersl eithsibe athed, adjacent

ot B B RS R 1 P B Uit sgna vi
pair Bf§l acent pair BB of 15 differential signal vias 306.

In this manner, the one pair of differential signa
vi BKGSAR-1(s ilhisarsedinother ethBodimant afitlge preseat thviettson in which one or more

i at d 302 and .not toward . either th her, .
Broul R PIETES OB MG ACH! DTG AEH PROFHCh R ABEAY FRatigured anti-pad

' . ' it i ff .i1al: L
o S RSG5l v . T

dimeasibnalirctetionshfp ¢fithespraeaagdmeénts/ie itrst showminFliE I8, ovieroreference number
nore 0 ground referenc | anes of the circuit boar

400 idicatgp fi st o yﬁ&ﬁé&ﬁ&ﬁqsy yrkyadsgaaaries 4Yagvo of which ar

coml?%gﬁcfe toF0fh q@?ﬁ%@§ o AfrdrdiiafLibhA VRR! 'Aaﬂarg%' #ﬁ&e}ld ﬁih@eﬁdﬂ?bresent

up a ferential sign via pair-.
eithedl breresucfhed offthé air¢wdnisdargondn drhmseioatayanitheredfit Bha ground plane 405
first shown i 8, where reference nunper

FI 400
has 7 lapge aptipad fHQ rf]%meg’av t, Asan { SeaR 1P KL fydlae apti-pad 410 is generally

: o . : ’ . '
el st 3 85l i Bl 1 B gt o opening ve
an aspe@%atioMA Redffforg abatind . 20loalns; wiith isHbpiieaeytthe bquativheARSH/B.

the surface of the circuit board or on an_ interijor

| aVkeg groned plane 4Ghaurmunding thy pavedPoof differential signal vias 401 may be a

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 |l arge anti-pad 410 fornmed in it, and as can be
seen in FIG 8, the anti-pad 410 is generally
WO emsasigae ar i n shape, having di nensi ons B andp@i/852005/004469
shown. It is preferred that the opening have an
aspect ratio AR of fromabout 1.2 to 1.5, which is
oGO SRRTEN SRR 8 G Rl S LD 8RR oo
openfithl of Boti-p&1 410. 3R tl|11§l AAn€ théndtifpad ae0 ivefdctivels deaiuptbd from the
In this manner, the [i kel i hood that the differential
dlffemr@mhslgrpé ppir apd pominen gpsidecoupling ipmTivinpred, wihig diffeserialjmode

redu d. e. d ffer nt|aI ignal vias 401
coup, IPgnbat S& @?rf’ ag ‘f%Sl ‘ifeals"%r ound pl ane

I amﬂit{éﬁa 9;0611& bﬁ 404 10§ 'thetm*éjgi'é\ﬂld"@@s 4030 4baseiefined 3 &/fleferential
2005/ 081596 PCT/ US2005/ 004 separ ati on spaci ngi1qr
groupdaneaning thatgeistpbaced eleaer tp ghe diferentialpaisi 408dhanshe pihier and is therefore

desi W?ﬁd?ﬁ%tg%rﬁ@?m%%{lﬁ éesfgrﬁ{ni:e r\gbthil? 18 assgglg tfl(é% té(?rp ﬁlp, %e common
modél 86k ¥ tHe AR dfldgrrerettial ﬁgﬁﬂt\héﬂ is slifindkedodidris aé‘ﬁjned for subsequent
comon node coupling is mnimzed, while differential

tuningoeféhe inpedhnascpf e system, i-beatong it exteetthrovigh thestirgni |board The

ncrease |t| nal | v 404 o
srouf gy 30 onac s bofoiror Ui piths 8 8 Bl pdineba th cirui
board 59 HRGtratb® BIFICH of F3tount planePhRGREY il thsefasHiéh AfPas illustrated in FIG.
differential pai r 402 than the other and is therefore

10, ldesmjntaccbdhaatiae anngr greany plpne laydrsrags selentively coitndetedrtp she ground vias.

o 5 PR Ao 15, BRTRL OS5 SRR v
struc?tﬁg tatheffihh 394 gl X1 SHOSRAMERY 1aydrlFubl a @fid lob Batfi 838 §AGEed for use

of the system i.e.,” al ong |ts extent through the
for amas ofi¢itcuitdmanis tITdt davda bigbdeosityl Hipeirg 0bdiiffsrentialrsegrtabdias.o

H;E‘II%{. ?8 nd V 1p lg;r/]cfr} {)'}g[{l%n}j{f 8135‘1}(%}]@(3%} g\l)Jv{l; wagl:ls am{asm or other
msulﬁh@@ﬁﬁteﬁﬁlereﬂr%@gd Fo? clabiey. fias Qﬁesaﬁ)Sh | 4048 taf Sdi§sbskdon opposing
it is preferred t at t e I nner ground pl ane

top aInd;bettematham lo€ tiei ovrehly boadned they arocannectgd toubrdh of ts. ground vias

403 R T e e onplaclorence giepeilges S R hre ™ Ro Somhection

betw%&r{ H'l‘étg%&ld ﬁfléﬂeg 8hd LifRp oﬁthle M89iRA0B g QW pshy BF &Bfal traces 420 are
'ayer. agridor lattice is indicated for Gse 15

shovcfmmmgafm;mcblﬂe diffeccntiol sigml dis pahral20hatrvecen ghougld pdreredayeys 405¢ and

1051 B i B P S ot Bt B G e oo

layelrs NRe 1S gfbuﬁﬁ pRhBEhat ﬂzﬂﬁL{h@gl%s 8 tRLSid0Alre b&TRYVERE f?l'é ground vias

clarity. The ground pl anes a, 405b are disposed on
403,dpposing top and bottom surfaces of the circuit board

an e co nected . to both of t round vja 403
%baemf PRtk bt ﬁéﬁ’“d@‘%{ﬁmg‘?aiffé?“éﬁ‘ég t eal}?éW?wb? throgygas 401-403
: r 0
< 8550 3102 RV} A A4 0 s o

FIG.di0gitlabtratingabe gebifid plaﬁe os Hevtop ewifdce o tHer arruit beard (with the board
di fferential sign ia pair, 420 between ground pl ane

strucfuge gsraoved Ser laty) %@sﬁust{%ms ﬁlaeeqonpsctt?ﬁtqefwg SR sighgl draces to the
4
GTSSEECRISR flf OIS pRARLACAER A8 iy g i e
routesdtgmlexttrfameﬁle&ﬂemntml sxgnmlesnagd to the ground vias
403, 404.

Signal Trace Breakout From Vias

-14-



10

15

20

25

30

25 The exit paths that the conductive signal traces

420 take between the three vias 401-403 is shown best
wo m00650859¢ OA. FIG | QA is a top plan view of PaES2005004469

and ground pl ane structure of FIG 10, illustrating

the ground plane on the top surface of the circuit

board (with e boar fructure renoved. for clarl
ol 5 pOgES Hlﬁ@ oM SbRed o oG e s | 1 Hh i area in which

& hdd @nBRbé tHeirtiaBGRlssi8h Bl th I'?étﬁtlﬁ]&PP bl
the tH ?ﬁ(ée)?tr%@gsﬁte}qggpé{ﬁ;nmﬁﬁcﬂlw él Sl Sﬁla i? r aélese4 % roblems
arisd in thdse iexit 3f2as. oRreeionsly it was laromn th mtemptie mialﬁthﬁrthn sp@[ng of the

al vias. Signal Trace Br eakout From Vj as -

n
condzleg GIEDOE IpENDesSabITRISABeNts arouad 3 cenjerjiing r.u%ung@ tyveen the
diffe?é?ﬂxtaf gigmh L=y C;#]a'f'ip eﬁﬂé‘&%h%nh@?ld rlanmx%m ws's@@smzrbffaqﬁu of
traces exit fron1 he vi as and

dlffeﬁﬂﬂial sigeal tvh%lare dpaegsapasisrann em&tdﬁh@l’mytahhstamaedlu A ;ianaif @onductive
Problenms arise in these exit are Previously it

tracqgrp@dre eonaeatehiorthe wiamad hiofPnd gait 9ty Sheif gt path extends
1n1t1§%% gI énv «{zﬁ&% ox{lgnsséldﬁﬁg{t{lé ﬁ‘?c!es ?i\gﬁgg%@ﬁgﬁﬁle C that separates

runni n ween

the toofviigr son tunﬁl ﬂﬁlt@a@i ar¥ képaRdéd by 4 ihiforiSspabiagD.n Fl G
14, where two vias 501, 502 of am?air of differential |
si ghese exitpertione S§p haran @tpatrlpngth and daapt igterieet gpph gther in their extent,

but tﬂ%@%%o&ae@wgﬁe&elongftew N ege(%cﬁ %fl%e : e egch other on opposite

sides/6fethé céntédin® @t MHRHVBRAE 501 N5(2 zﬂfid' theiP Hésoé‘ihte@'ﬁra@ésgﬂ(ﬂ define a signal
al ong exit portions 504 of the traces toward a

transpaipsien lingref tae tineutit bnaph 50 supporting thetp Withsa $ogle pairiof differential

signgue R oo spes i enanavs fe Bl FHERES Kok iyhspt

symmB{rRaBRthat@AG RaRadess inl the bXiehfe KRB B, abscmiie hil@Nurh OBy maintaining
correspondi ng el ongat ed portions 505 that extend

the geamairy ehd synmeichobihh eircwhtragsptheiimpedaniceean tsf contrelled in this area.

ent er.| C. The d.th
How S8 BrsnelaYiva s elgte il ol M Bm s h Angimeticglpatiem,
espelnaﬂ? irPAred T the EifddiitiboRRPWHere AbrS 14RRALK ALY, rIﬁ‘QElosWytsBa@d pairs of
single pair of differential signal vias, the neéd

dlff%qamalmgnalgexsrretry and the | ength of the two traces may
t hat an

kept 15 t Ly
IO AR RN
vias E&est%%@f@tsﬁ YhaR L (BB leh& not BEedulal TeHisth, bf /€ Bot dyfifnetrical in their

I npedance can be controlled in this aréa. However, it
pattdrs an@paial Srwohsa probleinatie atrangementisollestiateddr F1G Inwhérasg circuit board

TN PN SELN L TR L T

vias gbpsﬁbfoﬁlﬂ’ 2QFtErafial §1gﬁ’$l paffiahfi @& RbAdRItivd GRRL 585,806 adDshown
l'ems w Il arise when the conductive traces |eading

leadifngd‘mnatlpauas toh siinkf eansntissain Igiegitdl Theioas traceS66 eggeshed exit
so that, th races e|t er not. of e Ienth, 0 )

portan s | ot hil R IhET fage S0 o ailonech gtif Boriona T b ta Sepuntgycthe spacing

betwReR RS Vs 91 88¢2 | {r%éﬂléé’oﬁ{ ik |57 (Pd?mﬁl & thd Baces extends

where a circuit board 500 is illustrate havi ng an
betwaen the tob rowsisf \Eﬁél Ins0@erdo epswyethat the papedanceof the signalesansmlssmn

. Two of the 01, 502 forma dlffer ntial si

line wﬁ?mamn@mm it PECOTpEISSe By o e bredgggifiof he
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,
wokiosestshe ot her trace 505 has a | onger exit ppet/USIN05/004469
511 to account for the spacing between the two vias
501, 502. The signal transm ssion Iine 507 portion of
. t X d I
iner 3o h PR TR, o e P st By s Rinin pffion 512 takces wp
valuhbla RpAbe i thd cirduiit Bdavd Which@iherwiss cauld ®sius&@difoy adldiional tircuitry and
becones necessary to equalize the length of the 30
therefora 1hisisebition to contrabling the tmpestanegof sEEcuitoardaignsd Hangmgsion line is
ence in the lengths and angles of the two exit
lmdg%?%ﬁéns 510, 511 of the traces. This is done by

| NFRGS | NY1 RECOI §NSstate heR@THoldRRert b2a circitigdiad 660 Baving a circuit
partial |oop, which increases the overall |ength of

tracg pastern 6QlethaDFovides desirable dmps}dan%cwcz@@s;:%ﬁ%%nal transmission line
[ US2005/ 004 er I

610 %%,S{‘,‘g ﬁ? o1 2 pai i&g)% ooff dg‘t;er nqlai %nn;% é/%gsad?) 6?)'8& Wl%%mglzgrangement it

has béﬁﬁQﬁsc@pere&’ 8y U@ﬂiaﬁltW@bMd“ﬂﬁleﬂ tHeCparforORse b iy tﬁefhsmlsswn

ot herwi se coul d be used for additional circuitry and

syste dioat hee/iasii0§a.8hell dhe way theintastsiciatedesignab trapspeigragrc ine 612, which

s s of o) ROt e (AEATRTASRY 1 PP ot shown i
thes€ FRRGISTE Bhe Bht 18 tgﬁlézﬂlly' ifburPR h BAE 1Bt iofitheifelit ®YArd 600 and the two
trace pattern 601 that provides desirabl e i npedance

trac¢§r6dr3a,cﬁléburmt¢ withdhe diffstegtiall signah migai884, 6A8h alnag tlsmlated body

port%)gg§02 {f[éé w {Pﬂ uflﬁg gataei%)sg?@éﬁgrl}yzef teche, nte{,]’%lge g é.\glﬁ%ﬁat 1t 1S p0551ble to

laun€h ﬁf‘e@ﬁ@fg@d)f he HstebAtthd frade bRAR WAY 6r tout” frumahe UiTRrential signal
performance of 'the transm ssion systemfromthe vias

viasg (! aase shostures|servelie rcwaga enprgiyto thesystemt dol thas gnaamer the 1nvent10n can
prok B PRy d st Fea e oy Porfighd s Bomoally between the

viapdi@ce pattern shown in these Figures is one that is
typically found on an inner layer of the circuit board .
60@sataded dwve vmlargercanwtrﬁu%pf GERly avaum ahhetpairted vias 609 and in

di fferenti vi al . 608a, al o
ondef S R Ane Vit Posens 0 Byt Bidie PofioR, or areas
621 W?l?ch' 4wy ?"'ﬁédqﬂ thé’\@iag‘%yﬁfaf/ 8 athul#b11ArpokiforR &3] The ehl@rged width
I aunch the energy of” the systemas the traces break
portamap2@are"fodber joinedro the vidi flfterged2i with whaprwed desribé ass”flag” portions
return

623 Tﬂﬁ?sm tg{.ﬁﬁ'ﬁélgse > %‘i‘ﬂ/@qﬁ’ tlb%erg%{ﬁgy (ﬁ% paxglogs 82 Fgresent more metal

platE Q84 U‘M@x‘éﬁieﬁ&h@ Qéiﬁtz%cg irf {h% ra%&tﬂeﬁjveetnrtﬁé:%ap @nErelth@8ledrical energy is
point that is nomnally between the via pair. As

concsnaatecﬂ Thoflaeg partibay 623 givna goed 2 degrecdentmlemeggrittodhe beginning of the
.at the pair of vial 609, and in order to recapture
exit pastiongner gy, the via exit portions 620 have enl ar ged
W ARNBOR bR RS FIQ!1 1230 a?rQo@%as Weh&Ra ﬂ{ﬁxelcﬁbﬁ?goérﬁ 600 are
the vias by way of annul a|P [ ar portions 622
arramldaicggdl fivisdixis bor The trsves poir anf giaf wr lhbangqre) aneevcbamooﬁdlﬁerentlal

ia plating h what we descri be _as
signglones, g theemgdisifsdticr PHEPYISOR? SIRED enlara%ﬁa Widh,gad extend first

along it Firde A% 26w HHdabh HREL boDtheR At arP @Mtwgpﬂyﬁ BB tBht first axis along a
'ate area to i ncrease the capacitance in the area
secohé taixis pdesigheted A2 i Ge 11,hehieh pofferaliglexendy gansivarse 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
W@2005/0p69¢ | ons. As shown best in FIG 11, the PEDUSBNF/G04469
of vias disposed in the circuit board 600 are
arranged along a first axis L1. The | ower palr of vias
ure are a naI Vi as

fodiff
parallg] 40 e L S iidtvis cemeaply Sarterst Brdrina Rgodt I gmer & constant
spactt?lgll\llgg 81%9 b@"ogfanh ﬁ%@tv@é&h%‘i@tﬁo‘ thatks fr@}notﬂg afed X fw‘hEl%tth@ﬁng' ortions

each ot and then at an angle outwardly f
623 &hatd dut totvardxach cahemg tiee 8€a whemmlde el portickesgjoorthe sslgnd&)l@nsmlssmn
in FlG . 11, whjich referabl en§transver e to
area STy Jrhissig t proyidgconfipyqys cpupl ’é‘&o ’T*P‘Fe‘l(; fercataksign3 Es?f&ﬁg a

f t )
e, RS PARAPIBER Pttt APLLS sl R Whvodment
the t@odififereietiab bigngl vaastdre sitramiad ¥p@doghoat-styte oeenargadd0wimil4 to that

WO 2005/ 081596 PCT/ US2005/ 004469 parallel to axis L1 .
showarig Kl 2hAs snegtinrgdaboye.tand as Uléasgéte@ i this ambedsmentyhe g portions

723 0B PSS ot ARSI ARE, ORI B oo

traced (datlingiSvay Giden thetveand Thidke planeardls Rgdnso teaapidititd@upligpbetween
where the exit portions join the signal transm ssion

the trgeescat e vigared and aksg lw%@@@de@mqen ngﬁélag@emqnﬁ glsepppmrach each

othe€ .ege({,e\:;raig ?B%ng glﬁerit: agﬂ‘.g {miglﬁa;ﬁ? g}e5deg1k‘eca\ seﬁ&rﬁp‘?frl glcsgagE t&%ﬁ{]tshe traces in

their@R GebnB@tvias, drtEsub¥euehtly, eHeasxit ;ﬁ)lrtl(ﬁisgﬂittﬁnd\blu&ﬁromrtﬁe flag portions
surrounded by a dogbone-style opening 690 simlar to
along ha@coné ARV HIgh lpte@ecg thonrshryisi ivar bapespdhatbritragss follow three
nment

dlffengnt P?]té ,?Irrgt éongtt ?(%mts Eigb&%rrl ﬁg]:copdlfyl aTon y% ‘émg%icet\n%sthen l%gtly along

the a¥31 £X3 aARePL Rhfd AKREnRERSS ad do hied legi andAKX3. traces
| eadi ng away fromthe vias. These plate areas increase

t hElG dgAds aitefeplen upﬂw ¢fganb§1emh0@menh@f the Hyenticat showéng the exit
d t he i
path B PR RCeEaRa heaRiT BB Pl L ekl By g e signa

transhii§sidn e 552, TheMRCES 90Nnélhge ﬂ@ggpdrﬁdn§m¢ﬁahclﬂf their exit portions with
di stance between the traces in their exit fromthe

enlargpdiplatecanehsshes Sat fom the, vigsHewandicaclpother dnsg axexinlilo@ne of the traces

550 e B e 3 o £l PSS i Sl s
line pArA6RSsF22hai@htenBE Bénerdiyf tfﬁﬁ\‘féﬂe B3k Bxis L‘lr q‘he @Ju@ Egmtoﬁﬁ further
axi's L1, then secondly along the axis

traversest pagh thlatley approximeatalyi feveAlx@incibands mllt,a\mnih éa(:h bend of the structure of

FIG. g DO G ol DBt REn nehBOBAHGHE AN FRPrsSHOGH urrince when the
trace%g‘%foﬁ%n*s'&ﬁa 'd'ire?tﬁ’(ﬁlt h of a pair of conductive traces

roma p vias 551 until they join to a
s | gr@bundtreﬁme pmlne 590 issho®h Eupeﬂmpdsedialmsze&ﬁei)traaecelxudmttem. In this

ag portions 555 part of thejr exit portjo
layergi{ih Geitoare hereieeench alang 399 ad B At thaAnaulag Rl gortons 591

e 150G Dl AR 7, el £ PR T o

be lougedir 4 lagérfbeheath ke tedcgRait phttarns Thasiacntwd groendoving 59nthat are

552 that extends generally transvers to the xis I.1.
interqeq@egied o 6&{%@9 rof éPX they airdpeated atedees ¢fifhe opepdng 594 formed

in th@%ﬁ%ﬂ{f) HEP{% gﬁg teédl,?}:ﬂﬁ)&r%eé gl*er}% Bl glgntal’ vidd 541 @8 bf 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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FIG 13A being identified by the lines B-B and each

bend representing an occurrence when the trace exit
W@oo0si081586 change direction. 25 A ground ref er ePCEBUSL0851604469

590 i s shown superinposed above the trace exit

pattern. In this |l|ayer of the circuit board, the

refer e plane 590 e and the annul ar collar
thatlﬁg?ﬁﬁejﬁga%gﬁgﬁs%w?ghﬁgg 1_%’ ey are shown as located in a
| ayRs pAPSRE TtleALAASEa1 \d 55 Patlicvated duser foltByir &btidted ground via

also be located in a | ayer beneath the trace exit
593apbeingspacedrinaytharefrompdigiapemW Iy which3s shartedithary the distance W2 the

pair 1o GRAEEA R DS FREAoH THD. oBAPULEE o PR S0 T Hepgeround vias
have Bt REhdVe@ A€ SHANAL or£IRE ﬁgﬁﬁﬁaﬁﬁ& th8 8rdud® v fid BIGNBiAA. that they do not
signal vias 551. One of the ground vias 593a is the

exterpk dlomg 3 cigrubarrpdthof360degrees Ratbercitas prefemiet that ileesp fipe o pnnular

GO Pl bESeEE 50 00 B T B b
prefedielif ThRNS Hate Bir8diRE cipaitive kbudMAAPRéHEROREnal traces exit portions and

PCT/ US2005/ 004469 that is to the |eft and not shown
the non-afdoGiateliFhountnaa pallr. of differential signal vias 551

O RS el BRSO Bt
accoﬁiﬁﬂéet wih Qﬂ%%nkﬁgegéﬂg%%}@&nm%ﬂ%n. Hﬁ:tﬁis htarsRafe8d thb eMductive

the ground vi a e annul ar collar portions 595
traceet504)d56b grivfiom apaasofastraiatedraend (e AdX e haexispastipnsof these traces

450a§ ﬁﬁh )prlbglﬁa%{)]naé tégf ggog)ﬁgp% %hgvlvj de\f/iiggtfheia{i] r%fét?%h%tﬁég%%e& vr\]naﬂ!lin the other
tracebeld ‘PS‘ﬁion Bab Nehis ihder t@cPA Bl LY 88 cbfiferddRIRNIMB Ba&f upon itself as it
annular collar portions have a curved extent of about
initially@xtend2H6mdbgviadd] toward ilwther pdidal deg02 esd then mgns upon itself. The
. .Jpreferred, .This is done to reduce.capacitive couplin .
mgm%gqrgv@éﬁ o? H)és gwﬂg? may be é‘gu 1ptthep161ftta? Bﬂtgloa ﬁl&t eﬁqggs out %om the via
- . o I - .

01 Q38 AESAESH L 85 iy O S S s
closetatitiecexit motien 4Ticofate buter aiac dn thasmenert both the ghoseness pf the two traces

. of the present. ipvention. In this arrangenent, two
is maigAwGL af yel o ﬁl%@gpﬁgé%egﬂmb exit froma pair of

aslsfa*rtilakjg Y&@@ & 0rkw &%g,. 16&n@X iiu@Pkds ANSmAfndr MiFifr to FIG.
traces 8a, gOb include one trace portion 471 wt
13A,& grogiid rebeeercbe péahie sspdrinagosed eitlees abavevartbleneath the toicé exit pattern. In

this ééﬁgie@g;%}dfe %&rntsleﬁg p%égﬁgg%aﬁbﬂvqg {ssstg{ic?e%g%oi;% toggg pz?ire of differential

. nitiall I i a ) i . .
s R T Y SO ok g B0 i oo
473 Bispertéridecaun tfropadtd viaf01 hdveard ttheiatherrda 483/ ofbe fviapail inordednéo establish

initial portion that extends out fromthe via 401 to
the sepqgationilistanss; [dhenfogpsipack upRa itpslhated A 1ab A Peish MhRTggE may follow the
. ' ri -1 S8 ed close to the
1nten‘g)¥(|5fthgg?1té:} gﬁadaﬁ%e%*e%ﬁ%ﬁ%?ﬂe?m%?géﬁ In this manner,

boFIG. 1 Aglleshrake arstRerafmbddémem@farciresis bodrd exipattarh bebtrasted in

well as sim|ar path lengths. 20 FIG 16A is a top .
accojganie Wit thegmnpaplss of éhe pipgenf inveptiQisndathich utilizes aggmgsef plated vias

. - . u o . . .

702 4Tt Bt i Py S0 P SECRAREPE) 8oy o viw
and ipédnt &y seen toninclude 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
WO @s/08t5a61 i S t he non-associ ated ground via. TPCEUS2005/004469

Fi gure shows best how the exit portion 473 first

extend out fromits via 401 toward the other via 402

of t via pair .in order .to ablish 25.the . .
are ESEISEP BP0 G e USTor GUntiogn 1 bt e wlp ey copnect with
condbfAv@lleReRQ et ¥ &t tHen, ™Y follow the ‘interior of

the outer via at a desired separation distance. FIG

17 Ainl dntisfad ar eperdng 704 is adsoshdvneand tbis aseaclOddsian atea & &l conductive

exit_ pattern constructed.in accqrdance with the
grou,sﬁ refercpreRlang mt\ﬁ%lcé.t AuGTiNG aNRE3lokF. RIHnGHAS feel Temoyed

i ' d9¢s 4 et il NP dighl A d this pair i

hnp%?@ﬁl? ’e‘gﬁcaﬁéac%n?ﬂlgﬂg%}r@f §I'Tllﬁe circuit tfg%r’@ 7001g|ns sﬁso(vailmn 1S pairis
a pairf viap ippihamight @ef@iractibn df thaFigbresy €Bris pair 7 hrbindes siintended to be

airs of vias, or through holes, 702 that extend. N
usedoyitpidtegnyial i) Gljﬁ“‘f%?@q{:ﬁioé‘ﬁ RE e Vi of e I&lrr'@& Vilkggw e positive

() Vodge HQEHGert By, Bl MRIRRY yBRG he LiPTIORAILRY Hcaaiive O
voltigeGignal &fthe bamé&m@EnituldéAs dadtribédBihovanThedeawo diff&eiidl signal vias
2005/ 081596 PCT/ US2005/ 004469 = are ref%%abjy flateﬂ
collgsvely ppstityie @ diiderentipl sigpalviaypair &H)-t he ofhspyiayi7 § are shown and they
1 i ductii o
e BB AT FROCPED A S ETE i g g o
theySifO¥dhne@edltot the grotind plah@dayes 760) Blieagon-cdonductbredipeiing §04 is seen to
ground reference plane in which the conductive netal,
abutjthese tywp gtqupd viasgd 8peen renoved. 5 Inportantly, this
ar c0 . el , el ir,. . ) )
o SRuFPAPAT it SPRRIIRE RS ARLS Lot vi i

710.r TBObedithihebt thdiciregit bedrd hcdsae tHey@uit € thEpak 7 aiof vias Gncludes a
of vias is intended to be used with differentia

widss iflgerdike pprtioni 113 Jdesenidas ronéonst7 12 eclydeasrelativelydanggamount (or width)
o e AR BB, HE oS R SRR NG ot e
ThisGfrh Ynalerit @b da¥€s to-the si¥®bf thgeplafed ftaak istfefinB& b eieEflag portion and
~ magni tude as described above. These two differential
incregisgfrrapaciiiessconpling betaeen (heityo dwaest axitingefrem dhe Yia pain(/il @) The large

. skgn via. pail, £10. . Two rvial. [
size B 83 HagboPish®)g.seties st sobuBlid Sy oBORH o waces of
the phftB)1 0T dighel M&s dSh@horiamtal bRsie bPARFiehit Bsard! PEYiAE), capacitive

connected to the ground Blane‘layer 700. The

coupling hed hmstabbsmﬁamﬁmgenﬁ etwassigead yias d 10 abthe verficgbplapgalong the

r.gund vi as . .Ln.this emhodi neRt. ci.rcui r "
pat 3 e B e it i o8, REMGICPERb ikt b R hansiion of he
tracdddhto thelRorizbBtal plage DFHisRffebtdveBf intiRBses itieCitiped @ ifl this initial transition
traces as they exit fromthe pair 710 of vias includes

of thg tragg exits frdma ghe paieofydas 716n Thedlag phainas f/]l 2 gerpo ag dbiadfial transition
712 incl.ude relative arge amount (or width) of
fron{ (i ke hede 4 Bt plaBE e T o the wi dth of t hel
fimak _ﬂﬁ? pOEioAs P GrelpréfetabRQAehlylsIz8€ 8nd arkRySnfXidalin order to provide
a

mat er i increases to the size of the "plate" that is
a conidnit gaphclignce tteerébesyego rthinsynamelry ¢xiends atnng apapisdhatiryes between the

. i.ng between the two tra iting.fromthe v
pair 8 Bt Rancel e e T BRrob G T b EFeaf 0 o an equa
path?@t{gﬂt?& th@bég%?xﬁﬁg 8blHeeRitG3 RN dstabHsIED Hab (W) BRSwWEERe flfiEportions
WO traces O
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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the pair 710 of signal vias in the horizontal plane of

the circuit board. Previously, capacitive coupling
whamshesm est abl i shed between the two signal vP@EUFTD05/004469

in the vertical plane along the path of the vias

through the circuit board, while these flag portions

traceﬁ &clli%&g]%ﬁreﬁ% anZaretza{Tafﬂ% tgcf:é? %rg geenvbeelsave %ﬂ@r g’gé,e\gﬁerﬁ it can be seen that

thesd HR@PBRTSsiaft frifetabl b thakarhé ditiht TREAr Arutdbutiffin tHedG attempts to
exits fromthe pair of vias 710. The flag portions 712

take ershertest path tp getttp she maiadesice petions ¥ bhibahextenst alprgthe edges of the

opented "4 of Py Ry o HerSmandrng? B tond TS EF PSSR intervening,

thin REE#20 bPcdHda¥ Winaterifl IR keftirateARa Gvb aNE-Dad BRASHREVRENIN the
This symmetry extends al ong an axis that runs between

Figutdse In thas regatdOthe pathi f one nfithi dwouerit pottions bhtherace mimiss the path of

iS IS referred so as to create an equal 30
theoéﬁfﬁ%ﬁ&f’ﬁ -the beginning of the exit so as to

eshally sdHien 7269 6f the HadesThEBe st @xtcnaBgRRE frofMach fidg portion 712
re-establish the coupling in the horizontal plane
and thefeaitwb pdrtions Haseet bndplateowitt arf angled leg poitin 714 tbiat extend from the

stub %ﬁIEItOngff} {QQSHU&%I% h%g%ﬁl%:aﬁh(ill@: \19%)87 hs%g%'a V\t’O a(P acent anti-pad
areaszﬂﬁy ﬁ&@%léﬂqﬂc@%gg%é P4 4R] mdet AR Shd fé%bldg @iré ortions 715 of the

break out area and they are seen best in FIG
tracepiteat eun parglboh thée geemd tplae mtBtvemegtw@qmrtpmmﬂiZOrtbat ac;mrate the two

sroul lane e O ThE s eredigmesians 12 id FogstiSen fnfgportons
715 sz@'sé})atrz!t@& ?ron?rckraEH Qﬁﬁér g}léc&ﬂﬁbn §f§4c‘?r{§d Ble C#Suﬁd"‘ﬁa@éjxﬂ?évéﬁﬁng web

openi ngs 704 of the ground plane. These nain

portlbn &2@ oPBIG.i13AsSs E'Ii(ﬁvreast a'etlhlh gbomgW'clbLevhllﬁthe geouind @lanb intervening web

t hi b 720Q_of duc ter| at se ates the
portip o0 vy 16 SRS § (AT SBk1e il k) b Off circuit board
t ¢ R&s%h P f Plradeb 81054 B &Qria{n@ ing th
race(E)P Lt%lﬁl{éﬁtgr ascee E,I&Qo gétﬁng he% ao e tEhe) ot her ggof t \?\%’er using the
shortestgoedbleAat latgtl ar d)ndentobi@wdé a sineothrimpedance tramatlmete»rthe circuit

extending out fromeach flag portion 712 and these
Sysegt ub portions 713 neet and mate with an angled | eg

it hﬁ&‘ 8P {1704 1Ra Sk YR WP I 11015 174% 17B i
T{légat?ons&‘?? ?lﬁ oulﬁrh?we ¢ 720 separ aIt@jlgfrg’? e

larget wize aflppaniny thamisi shpwd naFm 97nd. IONmﬁlethmngﬂ@[é soraat@remove enough

porti 14 the t wth the re J cuj.t
of thE)SF’t“Fl Rlang 56 3 98 & 1Pl e  IcALoRp i ot between the

A PUERl 837Nt er veni ng web portions 720 that
pair sep ara%]g @]E two ground pl ane openings 704. The
ci rcurt trace flag portions 712 and transm ssion |ine
portl ons . 715 are separ ated fromeach other by a
na (]

Sig Axyangement o pl ane i ntervening web 15
FIGSOQ EH‘s%”rHZZtPaté’ﬁ «“ sthie/Ariaf éﬁ&%’%oé‘%f %bteﬁlitr&trgét%&d ﬁ.\é}?cxl?r of
roun Ia 6 I h e rveni ng ortion 7

dlffe&lnﬁu\lrrslgxral FiaGSOZ.ZtB 1hmra&:dl 1ﬁ IF@GI 18 &I @hctedeapm‘t (ftolm eziEhiosher in the right
path of the circuit board traces acconp

to leﬂ Heij&r of ghe @‘ét"ier ddeeris senciprg of these bro wag §@2 t”é’htdﬁe ag portions
804, ?ﬁr‘w{ﬂ ﬂoﬂ oft§'80 dfieﬁydetf”acg ?)blqg)é% %86 %g£1t§§$§891§§ §1a? kfo 191%' Be provided

in order to oV
outsitlé anNthietpaipdf ﬁfffefrhﬁlabmglmll ivias 899 ah¢ they may be ahgned 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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20 The particul ar style of ground plane opening 704
that is shown in FIGS. 17A & 17Bis a |arger size of
Wop®sisgot han is shown in FIGS. 9 and 1 OA andp¢hiUS2005004469
done so as to renove enough of the ground plane so
that is has a |l esser effect on the vertical coupling
t hat occurs between the . pair 710 of signal yias. 702. X
813, syn gogioRs 814 apdba atg(&[]ysvgﬂeéem SRSATEHn &5 his) widgdgace portion
' idth SdcRdhgthy bdbe@ iHARISIBERA tbotkdofthk kdges of th
815 glie?élﬁ%%l%?ésga @Et%g'{'@q%?ﬁ dicfgfeer ential si egaﬁg&(\%jic as 882 ges ot the
pair af diffietentislt sigaiabttaderpokticas 808. dhissphtenshgp@rshodn best@mEIG 18A, and the
other inthe right, to |eft directioon of the Figure. .
vertigggepartionsfith.groped vie ek SEuCHilS apd Hie sigmal Yigex (i gRUCtHes i best
tryen 804, curved portions 805 and trace portions
Sho%ﬂﬁgihﬁ'ggir of ground vias 810 nmay be provided 30
OUFKG.d® itifistiahss apather @fibatifmbsrcfattiiad et gneakure D88 iB@Rich the ground
. and they may he aligned wiith the signal vias 802
vias 80 g lacatrsk qussidr of the sigaal Vigneld agd dp fdich their aspaciated exit structure
. i i i E i . | .
ies SREiSulep <D FR Tl it tspEn BB e StaHAR A FPolki 3 Being shown
aboweithelsipnil @fs aeitl B¢ 8BRoOhe oag coddMh2OHm| Bfd 5i®Gnd vias to be
~ PCT/ US2005/ 004469 813, thin portions 814 and a. .
alignedjalang pctopmprrit BA(RIC. 1 Ph cEhglae- shomedizase exingrtigngre aligned
alon% Fﬁhée}g %89 %rlﬁ th%raracg %ﬁf ?(l;er?légg ﬂglltnﬁhg gx%gﬁil ‘Mag tsgovgr#‘ ﬁ{]ﬂ@ 2b and FIG. 18 are

ges thereor’ enea ut boar e edges
offsé®ffrohlE1 aRdhie alifnél £16:8f £6dcbad asik GIA. Talsame ifddrices) fise signal and
806. This relationship is shown best in FIG 18A, and
groundh frace/exit pastadnsyedyaieaaligaad along heogmnurrisy jIhcasmberseen from FIG. 18A,

that teg:ﬁg I Eii\ezﬁ tr%e%a}egag‘g?xig%r %{ a t\fllgglfﬁ?sl)ﬁtljcgnt \?1a1{i glgf’:tsggr%%f’%ngfgrgﬁ% traces being

arrarfeB Qflihe®Biticed ofuntiflagRaditianger uct ure 900 in which the
ground vias 902 are | ocated outside of the signa

vi dbe 9ound wids PA2 hinetngledeaxit peetinnsifdP dunt toad to straightpgrtions 911 and

L i n the. ot i de,of the signal via hel ow .
theny g8 o PP gRa I Kb b8 st OB Bl el AP 65 R Bortions
911 &lePositioNdPShés tHerbxktltkaceslfproacHMCar WY sigRA1S/i£68304tif 8rder to minimize

signal and ground vias to be 10 aligned along a common

signal ground ceupting pgthe syblemf neaytheHrgagrtiang of thexsignapexit stargres. The

two gr:g}elflﬁ? ls)hgg%%sgﬁ ﬁ%ﬁ é{)‘glﬁﬁ%e%%)%ri‘? fog'ﬂu%ﬁp eﬁ:te'ﬁ_tl%éetriﬁ éil g It]laat is aligned with
and ﬁén@athﬁﬁl e ofohRBlhydrs)ane biknanhcad ®20211t ednast REPNRboth FIGS. 18 and

second axis G.1. |In sone instances, the signal and
19 that thertrice grovad e axitportionsneitialy begin Hleirgaemen peirayvay from the ground

. is.. |t f FIG 1 that th
vias SRR v ideacu R L DTy b P P Rerrrilarsfior2 o
they nB& tBéiPARbCiRE siZhAWME dndaR&SjoRrioBethdio F6iP R 986k, dbmhida
vertices of an imaginary triangle. The ground vias 902

transmassoralimy teabedtbt91Porti ons 910 that |lead to straight
portions 911 and then lead to thin portions 912. As
in the exit structures shown in FIG . 18B, the thin
portions 911 are positioned where the exit traces
approach near the signal vias 904 in order to mnimze
signal to ground coupling of the systemnear 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
wheneastsod i n terns of board | ayers) the signal PaT/ES®85/004469
920. It can be seen in both FIGS. 18 and 19 that the
trace ground via exit portions initially begin their

!Sﬁgney out away fromthe ground vias 810, 902 with
CL portions 812, 910 that narrow down to thinner

portions 814, 912 as they near their associated
signal vias and then join together to forma w de, _ _
1. coAroinguip board dorsuse s differ¢nitinbsignal eppl8pEon . circpit bygdd having a pair

2005/.081596 PCT/ US2005/ 00446 M. 1., Acircuit .
SRS 18 QA A 3P4 FRFUNEY ST ALY EnAl e ighisBl ey poard.
Ci fgidsiieard having a pair of plated vias that are

used to convey differential signals through said

ci rcui ta poand plane taypr, itlsd grgundaplgnolaiet halvangenlopywing _fqrn@d therein
el enobmnpses BB b e RE SRAALAE aG PR HERS P snother pair
an

.ch further abuts another pair of vias; an exit

structure that defines a conductive path fromsaid '
pai r of ameXif @ruenire tHat defingmalcondursive pathimnt said paip ofidifferential
circuit traces on a layer. of the circuit ard tq$t(i% .
di FERA i 1 FPAnCRTEgRORFHEET HATES P Ever @i{BS Gt board that s
st g LRechudl ng. I [
oo I B B2 ple 08, B LT bt HIRREL 10 Srlarged flag
f i patiomsxéxdendingow figineshid pias tiveard at hetervemhg fic arisctwo angled
said flag portions to said clrcuit,éraces, and C .
t r BeTEARSBpgAterqanaect saidilagportiqns do gaid crghittracey;and trangrission line
tr e . . . . ;
B B e R o P U SR RE PnBlan cdge of
t r the grdund planieopening land ehepolidriobnsd caxtietraiertgpnamsigntiine portions
one circuit trace, but outsjde of sa'dkpround | ane .
op@tening alongthe oge cHERit iragsabit QofSidq of i 1&09&%915?%0@8}“&
differential signal vias and said another pair of
vial are aligned along a second, common axis. 3. The

2. Ci Thaltitculirdmat ef claital ,whkreinkead differetiall siphalsiasand said another pair of
second axes jntersect each other. 4. The circuit board
of vigs arerpligned eng? seceBd. FORMANAXIS-t r ace transni ssi on
line portions have wdths that are | ess than w dths
of said flag portions. 5. The circuit board of claim

3. 1, Thbargiitrboasd 6f ddimgl, peateréin Baid dirst aad dedontd agiésfihtersectteaeh other.
signal vias are separated by an intervening space of
a first preselected spacing and said circuit trace

4, Lrans gl 'b%gr(i 61{1:%&10{,% pﬁin ?{iﬁ cﬁ'ﬁtﬂﬁ?%eetpan%is@oﬁqﬁg ggrtions have
presel'ected spaci ng, ‘’equal to e first preselect
Spaédtithattare Reshtlahvapee df viid flay poeions.or di fferenti al
signal circuits of a circuit board, conprising:

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 portions are separated by a second preselected spacing, equal to

the first preselected spacing.

6. A high-speed via system for differential signal circuits of a circuit board, comprising:

a pair of differential signal vias disposed in the circuit board and spaced apart

-22-
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8.

a pair of differential signal vias disposed in the
circuit board and spaced apart -22 WO 2005/081596

wWERODSAEA0O5/ 004469 from each ot her al ong an ar@BEUS2005/004469

conductive trace exit portions extending away fromthe
differential signal vias, also along the axis and

to h [ | g '
HBLRERGCEAAE o b SISO RY ok LR rom e
t r @ifferansial $igndl vide, 2160 dlomnthe akRahd keaedd ehdemhet theGignal conductive
said circuit board ; a pair of ground vias disposed in .

s afrececgxitertionsdeiningdn goBpReading pignel copdystive drgnsipissign line portions
ou{hsl l%gd glfse&fﬁ]eere ghfsélﬁrc?rrclﬁllt ﬁl(l) &E gnal pair of vias _al ong

sal'd axi §.°a parr o fonauctive trace ground exit

por t i ong phieadgidgnd@vRy dfspesedtif gai@cReuithotrd hndsicepgredrom each
apart fromsaid 10 signal conductive trace exit )
poetheentside ef thadiffesertind signd peired viagalonggaidaxis, pplr o penductive

i ojni her.. . | Ral i i
UL Ao, ALl PSS R o5 om i

COgighMl icbiductivg frade éx_ﬁ?fd?_ﬁen, the thivecoadtictivietrab® gfolin@Exit portions
clarm 6, wherein said single conductive ground trace

exjoariag togsdeniocinrm ai single gaaductivhgignnd (race thatcextends between at least
transm ssion, line portio and part of said signa

co ?1‘1%}8% \’/tlesa q%’élgucetgvietﬁ%’spﬁ?cgﬁs. 8. The circuit board

of claim®6, wherein said conductive trace ground

portions have a width that narrows as said conductive

t r Bbecigrithmardeld4ions vhessn sid singls condudtiverzesniddrace extends

S SRl S S coBlButh LS R s e iR s Gog JRS PR signal
ap&dridubtivir&letit pSitions. 23

The circuit board of claim 6, wherein said conductive trace ground portions have a width
that narrows as said conductive trace ground portions pass near said differential signal

vias.

The circuit board of claim 6, wherein said conductive trace ground portions are spaced

apart from said axis.
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