WD 2006/ 050202 PCTI US2005/ 039147 PRI NTED Cl RCU T BOARD FOR HI GH SPEED
ELECTRI CAL CONNECTORS  Background of the Invention The present invention

rel ates generally to high speed electrical connectors and, nore
particugﬁfhﬁﬁmﬁg)printed circuit boards that connect_or otherw se support

el ectri Cal “C8fMeltors and which provide signal pat hECPER208A¥Went i al
signals between different circuit boards and conponents thereon. In

backpl ane connections, an electrical connector is typically used to forma
connection between circuits on one circuit board and another circuit board.
The boards are usually oriented at right angles. Such types of backpl ane
systens are used in the tel ecomrunications area and in the data transfer

area.. PRINTEPECEREEST BOARD FSR HIGH SPREICRIECIRICANCONNEeTroR$SNd
cross-talk between differential signal paths. These two aspects may be

cont r Backsgound ofthe buwentionn | i nes, such as electrical cables, and on circuit

boar ds, it . ibl | I : ' f
conduct i vel TR BARRE dr PRl ln SRR R nER BBl b o

i ntﬁ?drﬂcdl’a{r%ﬁl RERLiRLE RSB RhNeL by Qﬂh&ﬂﬁ&%ﬂ%ﬁ@{ clsétPAkonRabhsmar traces

as well as the distances between the signal paths and an associ ated ground
r ef er ehick pyyvide Figmalpadisseit diffaxeaiial istgnals eidoce diflsent oirgniicdivaplstatér ns and t he
like. Sum’rar%(rlof the Invention It is therefore a general object of the

pr es efOHRAEHT

617°to provide an inproved circuit board pattern di sposed

about a painfa@dplate denitddBénsdrbelsbb@chl boiineiof fs@yRaillly akedlodhah o aRRbitfAt | ONs .
~Anot her object of the present invention is to provide a circuit board

pat t ebeiweaycitgyiés o eue cdicnit beasd etidanodicy piatuithnetd. CBheiboarls prarusvillyorightethe
circuit. boar. erein t ircuit board includ at least one grpund plane
oy el Rl NGL sPenl SallpleR o vieih Mg St S ERleo e Bi€linG b ane
| ayer thic Aela WhdRer 2¢h.." BthéscRedls, ik @aiRPRATRARE BethtifBedats arfdf crébsdlRr ent i al

signal vias, the anti-pad including an area wherein the conductive nateri al
of t heetypamderpitiahsighalynathsi $hese vy athectampyibheontemisd duirpisamissiondipes, i ncl udi ng

a condugti ve el t hat ext ends .t hrough.the .antis;pad. b en the. pair of
i 11 onifiet SEcidreg Rt paEon T REGab URIPR 5 DBl 1 Rec RS Bt e
r enovegdtetls@R SondudditeirRacth BF chdig aRBRS enconpassing a single differential

signal via. Still another object of the present invention is to provide the
anti - pad ihisdhesirredssirehje to maintain preselected distances between differential signal

paths or traces as well as the distances between the signal paths and an associated ground

reference(s). The present invention is directed to such patterns and the like.

Sl_lmmal;v of the Invention

It is therefore a general object of the preset invention to provide an improved circuit
‘board pattern disposed about a pair of vias that are used for differential signal applications .
Another object of the present invention is to provide a circuit board pattern for use with
differehﬁal_signa] applications for vias of the circuit board wherein the circuit board includes at
least one ground plane layer that extends along a plane of the circuit board, and the ground plane
layer including an “anti-pad” area encompassing the pair of differential signal vias, the anti-pad
including an area wherein the conductive material of the ground plane layer is removed, and the
ground plane layer including 2 conductive element that extends through the anti_-pad between the
pair of differential signal vias, thereby dividing the anti-pad into two distinct removed areas,
with each of the areas encompassing a single differential signal via.
Still another object of the present invention is to provide the anti-pad interconnecting

eleinent along a line that extends between the two differential signal vias so that the conduciive
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el ement along a line that extends between the two differential signal vias
so that the conductive | WO 2006/ 050202 PCT/ US2005/ 039147 el enent bisects
the anti-pad into two symmetrical halves. Yet a further object of the
present invention is to provide the anti-pad interconnecting elenent along

a path e two differential signal vias so t es the
anti - paﬁ%itz\rf@zdgu%o\?\o, non-symmetrical halves. Still F@ﬂ%ﬁ?‘r’?ﬁ"ﬂ%& ect of the

present invention is to provide a ground trace routlng channel that extends
throuqh the anti-pad and provides an g‘ddltl onal ground layer for the two
di f f ef'&AEAt Risedds @ﬁélptltpﬁégﬁ%t‘”f%%wn%ﬁ’t’écﬁl 8¥&d out fromthe vias. These and

other objaghg f&fthefr'aﬁlﬁ eéeﬁ%’ﬁ@éﬂtﬁﬂ %%r&ﬁ@é’&lgﬁgu-@{? Weﬁe&ﬁ structure

of the inventi accordance wth one enbodi ment e pres

i nventlement alang b pathi Hetveza ik thastiferepial gighdl tvias 6b theit &Sil\f’ldésrthﬁiaﬂtﬂﬁ!padtlntand t hese
vias are intended f use in differential signal applications. The vias take
the fEPmiGrSHBRREC! %é]t"e%xt end through the circuit board and the inner walls

f th i.sh the vi
ci rou 1o oL R e A B BT e e

t he vilasnel EacéktafﬂsnhmﬁglwhaSnti-gacsmlqﬁdma@antaddlhbmhmmlﬂlgtehmr tiawas to
accommmdate a pair of termnal tail portions of a connector nounted to the .
ci rcu‘ihfellﬁ%ﬂlélgnqiﬁéacéﬁ that are rogted oyt frp@) tR18as- one or nmore ground pl ane | ayers

whi ch Consfh%%e a%dcﬁh %E%%Ml%pré's%ﬁh%n Ottglcﬁﬁd w&eéffﬂkea%gﬁm@&t ext ends

inits ownpanevm ato Circuit board.

The vthaﬁavamtﬁmema&@dia@ee thoﬁwrﬁlmdaﬁemfofthh@rassemtaﬁv&ntmﬁarcicuﬁbchrahaw ea of
t he glround pl ane t hat . surrounds the pair of vias _is rem)ved to forman open

_area. pvﬁl@%@ﬁ onmsgy Edng these yias %réﬂ:ﬁ@aie%ﬁor@gemffma% sjighelt he art as an
"ant Such
ant | - gy [T v ENGRTRA SRR o thoRR et Brtend i BREN diftuy b ARG ey 20N O

6, 607wl f tHhessuad p@dlmtesﬁﬂashm&ﬁhﬁbnhbcﬁon%mén iNe via, cibii2imhe i ssued Jul'y

27, 2004, and these antj-pads, .typically oval _in shape gonstitute a
rel at ?wtboarémt@faﬁ@&gstwﬂ%msweﬂ? WigyRe Viagt Eqehuainfjvias iy %ﬂa%dea@alaf t he

Condugbh (G QD oPLANEohAYSE: 2 FANEYRiminkI 5] REESRILE o LIMMGRE!

departure rom e prior art In utl zes a strip, or |n Conductlve
el enethe circviitiabrd. nt er connects two edges of the anti-pad and ef f ectively
di vi des eaﬁ{é c?rlé&tc]bgar} Inic u%es nl)r?et 0?- ng(;%? ground plane layers which consist of a conductive

coating, such as a copper layer that extends in its own plane within or on a top or bottom surface

of the circuit board. The vias are exposed on the surfaces of the circuit board, and an area of the

ground plane that surrounds the pair of vias is removed to form an open area. This open,

removed area is termed by us and those in the art as an “anti-pad” and it encompasses a pair of

. differential signal vias. Such an anti-pad is know in the at, such as thos_e fllustrated in U.S.

Pateﬁt No. 6,607,402, issued August 19, 2003 and U.S. Patent No. 6,767,252, issued July 27;

2004, and these anti-pads, typically oval in shape, constitute a relatively large areﬁ surrounding

the pair of vias which is free of the cqnductive ground plane layer. However, the present

invention is a departure from the prior art in that it utilizes a strip, or thin conductive elerﬁent,

that interconnects two edges of the anti-pad and effectively divides each such anti-pad into two

halves. This interconnecting element provides an electrical ground path between the differential

signal vias without adversely affecting the coupling of the two vias.

In one embodiment, the thin conductive element divides the anti-pad into two distinct
and syminetrical 'anti-pad halves. In another embodiment, the conductive element divides the
antl—pad into two d13t1nct asymmetrical halves. Another ground layer of the circuit board,

adjacent to the ground layer that harbors the spht anh-pads may be provided W1th1n fhe cireuit
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hal ves. This interconnecting el enent provides an electrical ground path
between the differential signal vias w thout adversely affecting the
coupling of the two vias. In one enbodinment, the thin conductive el ement
divides the anti-pad into two distinct and symetrical anti-pad halves. In
anot her w@yhesl t, the conductive elenent divides t into two

di stinct as?ﬂ%ﬂ?ﬁical hal ves. Anot her ground | ayer o FSPHQW@WPﬁﬁ?t boar d,

adj acent to the ground | ayer that harbors the split anti-pads, nmaybe
prOV|ded within the circuit -2 W 2006/ 050202 PCT/ US2005/ 039147 board to

pr ovitgardde pervitearielergce gung aeth thah grterds ek TP VR 14ycT 0 PTOHE 4 BYBYAY 0 provi de

a pattﬂml?%' way fromthe

di fferen |alﬁE f?"'ttortllﬁ?ﬁ ﬁ%{aﬂ%ﬁ%@ﬁ?ﬁaﬁ%ﬁbﬁ?@?ﬁ%}éﬁﬁ ?%‘o%ﬁ%%tl ng conductive
el ement t Hak rwmgrmdﬂaebﬁbmamﬁﬂ@cdmavé|efehﬁ=1nemm ek fetakervinaswony al so
include at |east one turn or angle so that the interconnectin el enent

take@lﬁersrat% SIEREVIAS A G198 TRHleds B lestige 61 ah arglf se At the ismenpeiper rout i ng
whi ch, ese and
ot hor SFEA8E « Bl pAPRIBHEe A % i BbReEh RO wllfRaelleP? B0
cl earduyandmxz@rﬁsdn@ﬂﬂ diffsrentighsignaieisj der ati on of the follow ng detail ed

descrlptlon Brief Description of the Drawings In the course of this
det ai | ed ddswerangtothss obieHs Teatpiss anfbadveptages @’étherpé%fa@tnweyn%wél bocledly  attached

glr ?\(I:Mu@g érﬁﬂgg(riﬁﬂ %ﬁa‘#’h au%"ﬁﬁ{ &&ﬁ%ﬁ)llﬁﬁ&%&&%ﬁa‘?g&k gﬁ%'oar% |e\(I:V gr aﬁ &r I(a\(/)vr o? r l;;mot her

prior art circuit board signal launch FIG 2 is a plan diagrammtic vicew of
a ci I‘CUI t board construct ed in accordance with the principles of the
3t AvingStrating a ground plane layer having an anti-pad

(hat gt s ehOB% B OGRS BTG el L YEILAR R, ©

i Nt eragiadted dtdwiggLiamdidt i ve strip renoved for clarity and the ground routing
channel formed as a layer that |ies adjacent to the ground plane |ayer of
FIG 2; FHE. WAjse dipgammaic plagyieysof; FaIPGOTQthﬁF@b bagid siznah Bupels er connect i ng
conductlv t signal via
o e out %Cﬁaﬁén 5 ac[1§#8¥0vm1%gtéé ga.rlﬁ §%J dita¥oth@YrioPhtt Rirb o Ehd SigHaE Hubal

FIG. 2 1s a plan diagrammatic view of a c1rcuit board constructed in accordance with the

principles of the present invention, and illustrating a ground plane layer having an anti-pad that
is split into two parts by means of an intérvening conductive connecting strip; |

FIG. 3 is the same view as FIG. 2, but with the interconnecting conductive strip removed
for clarity and the ground routing channel formed as a layer that lies adjacent to the ground plane
layer of FIG. 2;

FIG. 4 is the same view as FIG. 3, also with the intercommecting conductive strip
removed for clarity, but with the differential si gnal via route out channels shown superimposed
on the ground routing channel of FIG.3; | |

FIG. 4A is a detailed sectional view of the circuit board of FIG. 4, taken along the extent
of ines A-A thereof; _

FIG. 5 is the same view as FIG. 4, But with the mterbomlecting conductive element
shown in place extending across the anti-pad and between the two differential signal vias;

FIG. 6A is a plan diagrammatic view of one variation of the ground routing channe] with
two stub ends that may be used in circuit board layouts of the present invention;

FIG. 6B is a plan diagrammatic view of another variation of the ground routing channel
with two stub ends interconnected by their own thin interconmecting strip that may be used in

circuit board layouts of the present invention;



on the ground routing channel of FIG3;, FIG 4A is a detailed sectional view
of the circuit board of FIG 4, taken along the extent of lines A-A
thereof; FIG 5 is the same viewas FIG 4, but with the interconnecting
conductive el enent shown in place extending across the anti-pad and between
the twoV@ PPEY8MEi al signal vial; FIG 6A is a plan BCHEPAPRIIE view of one
variation of the ground routing channel with tw stub ends that nay be used
incircuit board layouts of the present invention, FIG. 6B is a plan

di agr ammat FI6. Viiethw efmeaviow he FIG.aA, attiveith ik grduad gl ame teyer autlictyechannel  wit h
two stub ends. interconnected by .their own thin interconnecti strip that
may DEIERSESTHRE clomeR thiodi piig) signal 0t TR0 SWEREPPITE SRT B.2rewdwo
2006/1(3@9%)@“&%’/ US2005/ 039147 FIG 7 is the sanme view as FIG 6A, but with
t he ground pl ane | ayer conductive interconnecting elenment and the :
di f f er ent i K. 8 Agnaplar diagraoumb i cotvso Supenit p asiddcougoatintgreaotiendesikn in out | ng
channel; FIG 8A is.a.plan, diagrammtic view of a circuit boagrd

i ncordsEPAPRGEgiIENEE H%lﬁcud%%@fgﬂe PrSenb B tieRn W aciFi the tiePashi gen b5 of the

pres i I : L J | ul ar and havi ng
Deon Rp R B ORh SR 0T D Blr B A AR S0 g ol B D00

i nt ervienveningonduntive intertannectt@reiachi oithe peneabplaot layére gr ound pl ane | ayer;
FIG 8B is_the same viewas FIG 8A but illustrating. the differential

signal vi & odBds the game vipw@s Félx §Ag byt lﬁpﬁwhagé%&r%%ﬁﬁmaé signdiniouignot her
enbod(iﬂHFnt of a circuit board |layout constructed in accordance with the
principl’es of the present invention in which the conductive interconnecting
ground pl aFi€s. 8Adseplan dpandsatichisugianbtier enbodipad df B carcuitibered [agoutas to
divide it ipto t di stjnct, but asymretrical parts; Fg% 10A is a plan

di agr ERTELGIES PiceR GRCHHER HerPriTH ok fireseninsion in v bighi PRI

const; L i L Nei : : [ ion in
whi oh e S PaRral PRRE Sckich okl PHOBHIRY SRR PR AL Rl

conf i mtur iata distinet, bht ssghmee®at mriacconmodat e t he associ at ed ground pl ane vi as,

and in which the.conductive interconnecting el enent divides the
FIG. 10Aisa ﬂan gjagrammatic v{ew or}nanofﬁler egmbod?ment of a circudlt boarc[1 layout

constructed in accordance with the principles of the present invention in which the oiferall anti-
pad is relatively large and rectangular in configuration with notches to accommodate the
associated ground plane vias, and in which the conductive interconnecting element divides the
anti-pad into two symmetrical halves;

FIG. 10B is the same view as FIG. 10B, but illustrating the route out paths of the signal
traces from the two differential signal vias;

FIG. 11 is a plan view of another embodiment of the invention that is similar to that
shown in FIG. 3 (also with the interconngcting strip removed from clarity), but which utilizes a
thin strip that extends from the stub end of a ground routing channel; and,

FIG. 12 is the same view as FIG. 11, but with the differential signal channel paths
illustrated.

- Detailed Description of the Preferxred Embodiments
The present invention is directed to new printed circuit board patterns; and particularly

laﬁnch pattéms which are found at the apertures in the circuit boards that receive conductive pins
from connectors which are mounted to the circuit board. Specifically, the present invention is
directed to improved launch areas for circuit boards that utilize differential signal traces.

FIGS. 1A and 1B show known styles of circuit boards that are u-s_,ed)with" differenﬁal
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antl-pad into two syrmetrlcal haI ves; FIG 1 OB is the sane view as FIG
1013, but illustrating the route out paths of the signal traces fromthe
two differential signal vias; FIG 11 is a plan view of another enbodi ment
of the invention that is simlar to that shown in FIG 3 (also with the

i nt er coNfR2 P28t rip renmoved fromclarity), but whi @aTUSI05/es47a t hin
strip that extends fromthe stub end of a ground routing channel; and, FIG
12 is the sanme view as FIG 11, but with the differential signal channel
pat hssigidld. Gt bA githstrides apbeidn BRs cirduittboant, of bdckglaky 6, e whidh Erbadicigent s The
present invention is directed E\ﬁp ew printed circuit board patterns, and

part i ¥ay éﬂwttaqha% nﬁwr%%fﬁcelﬁlﬁ@s - a% ey 2 dhataprlogped {H}E%Hquﬁ t he
circ n ich are
S S e N R st RS

dir eCity@d,alﬂ}Oeﬂtéﬁdroomtktdlﬁﬂmmigha]ﬁeeﬁﬁzuft hbardi G0cauid hateotsifl inthai fabdsipldtedso
differenti aI signal  traces. and | B show known _styles of circuit

boar di&at thax defing 2 gy g Pﬁﬂéﬂhﬁ? @F@ﬁ? P@ppletﬁlw@'%b reon99ih bogpdT L uspmmdst 039147
S' 9 naﬂaﬁ?]m!: d Gnnbdbeldrd 1{1’1§é1{eﬁt1§r3 s a?ﬁ(s%%eb dﬂgulrﬁ aChiuftiof 1 ARAS cmﬂg a{]ﬁarff}(pl ane 60,

a connector  woul ere are colums o
aper t Typesallg 2theie st onioe nfode prednd pladdieyes 6¢ uictudecﬂ)ﬁlathel cibéhiteerd dte SenAjper t ur es
are commonly referred to in th rt as "vias". These vias 62 typically
“ext enePTESR Petnepkps @Wéﬂwgf@wé pi’qnﬁé%wefs BOHEGRPVEH Aigher] Ws\feasmm ?a‘ﬁenner surf aces
| ate fie!
!to hr oug %tgehea%c}l?%gﬁgrﬁ oar g&ﬂfﬁmﬁﬂ g‘%{agg%]ﬂ&'gl gﬁ%tga%epﬁghe%%\ie ére [ nsgrted
into kﬂwvrwoaﬁgmhtam thmenislgfdunaplaﬁdﬂnﬁmﬂ'laf ddpositddéetiden thethoﬂ)ssaﬁadnﬁﬂus Typi cal ly,

t here are one or ground ]gl%gglla yers 64 included in the cjrcuit board
60. gﬁ%ﬂwemrtfdwm%és Pnghtitn hghosll bopoteiaifhisiniervpraa g fipbe S OHPES r empved

ar oungd, 138 i!dtﬁ‘ ofied f?le oBaY Sinuf¥ BOSPHls HtEAEniR 9&frad £ d$§'@let I Ng out

connections ein g vias. However, in tgrﬂa&n%]om con uration, there
i's grmlmftbdemaean@ﬂmmnmhla%pmallnﬁwﬁétmhmlmdm hol es 62 and this

i nt erveni ial 1s shown_at uId be not ed th this
i nt erveni &%ﬁ%éﬁ?%ﬁar’@ efBWI‘tBQAErC“E &‘fdlﬁ@| %é%lﬂteéﬁﬁff‘?ﬂuﬁen‘@ pen annul as 66.
This &%%Mﬁ%&gﬁgl daﬁﬁ@crtdralm&és dALGR, %d&@fmrtﬁgretfﬁlytlﬁﬁssiﬁ‘a%&t% the vias, and

t he annul as are snal in width or thickness.
6,607,402, issued August 19, 2003, the ground plane layer 64 is structured, such as by etching to

~ leave an exposed, or open area around pairs of vias 62 that form a differential pair. This open
area is much larger in size than the annulas of FIG. 1A. In this way, there is no ground plane
layer (or any conductive material) present between the two holes of a differential pair. Rather,
the intervening area 67 that lies between the two differential signal vias 62 is completely devoid
of conductive material and this exposed area forms what we term in this descnptlon and what is
referred to in the art as an “anti-pad”, which is an opening in the ground plane layer 64 that
entirely encompasses the two vias, preferably a pair of differential signal vias 62. The anti-pad
areas are illustrated in FIG. 1B as oval in configuration.

FIG. 2 is a top plan view of a circuit board 100 iltustrating a pair of vias 102, preferably
vias that are used to connect to terminal tail portions of a connector mounted to the circuit board.
These terminal tail portions typically will Cérry differential signals from the circuit board and
through the cormector., As can be seen, {here is a ground reference plane 104 disposed as a
conductive layer on or within the circuit board 100, The ground plane is typically established by
laminating a thin layer of depositing such a layer onto a layer of insulating material, such as
EpOxY, fiberglass, FR4 or the like. An area 105 of the conductive ground layer is removed in a

conventional manner such as by etching or the 11ke ’co create a large opening in the ground layer
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FIG 1B shows another printed circuit board 600 that is intended for use
with a differential signal connector. In this structure, as described nore
fully in U S Patent No. 6,607,402, issued August 19, 2003, the ground

pl ane | gye |.§ structured, such as by etching to |eave an exposed, or
open ar%@?@%ﬂ%ipai rs of vial 62 that forma differBnt/PRVHRPHT This open
area is nuch larger in size than the anmlas of FIG |A In this way, there
i's no ground plane layer (or any conductive material) present between the

t wo hfbﬁteﬂglc%ﬁpaamiﬂﬁff‘@vtﬂe%ffﬁl‘mtlabé‘gnalVli%t her, the intervening area 67 that |ies
bet ween t - dif.ferential .signal. vias 62 is C lLetel y devoid of

conduct i vgﬁ Fn}a\%%rtf)a > and atref?ilgﬂgi SRR} B4 g}tﬁga%fl% uﬁ@??ﬁ&n this
descril|piti6itn, aRid aWpkd 165 is behRied 8¢ tHehich bR [i3& fn A&, an Hoddbdr-Widdeas tbi ch i's
an opening in the ground plane layer 64 that entirely enconpasses the two
vi as, ]@%@f EH¥.yi Bacqpagil ¢tely enapinfriagses Hiei tao défifeyerdial sipead v 62, Ttheadinpdd pad  ar eas

are illustr in FI.G ., 1B as oval . in caonfiguration. FEl 2is atop plan
vi ew F° eccﬁtﬁgﬁlélsﬁgg?]&toﬁﬁ’ ﬁop}e&nfzn[aF ng‘éalg V?S%a?ﬁ“ggt%fﬁz, preferably

vi as fnfedonfdcnt Siethehi0 it G0 A ®ideBling Mddar frk!1 0Pt bABKIsBbivRek BRNGSL OF
mounted to the circuit board. These termnal tail portions typically wll
car r ydiffetentéal signilatiass ifgalasush fiféamentiabsignal g maydoelnde, anshowirha ourglhciitee

connect or.. an be . seen, there.i.s a ground.reference plane 104 di sposed as
" o Bt SyaRgs e P fefeny St B P b SRt R PO ol ane | <
typi cehllsyi1eor adohivehied by lamnating a thin |ayer of depositing such a | ayer

onto a layer of insulating material, such as epoxy, fiberglass, FR4 or the
| i ke. An dn&¥5.10)thegfath ¢ighis biseeivigitiage fyshawd as alingar pge aehibedands hetaveen

conventi onal manne ch as .etchi or tthe like to create a | arge openin
o R AT o S S0 e e et s ot OB el accen
the tyQiegibhdi@r 80 Blerrgndnals. th 8 colBoiRi@Y anll YathlihswRREPICRD 8fle trhcd 1075

description as an"anti-pad" and for purposes of illustration, this anti-pad
105 | wapersedeidensy as hisecting Bk aptided 105 o wp qud, and prefemblesymmdidcabas t he

R e T T

Sy Mreinti-guak, af@biebsatly tiaogB Ak dntereof the hi-641RN66 td fYviRle AL _si'fgﬁaltﬁaﬁl form of
a bisecting linear trace 107 that extends between the two differential
si gnabetweaadhe Pacditfaigatiol gisndlaiasrvifhout advgraly effeeiingdhe jmpadente of s shown, a

CONAUEIN oAU A0D, WAL TN Gbi% it T ool BSOS 67T 0 e

conduCtTVv B ng on the 1nne
can be seen to extend in a line between the two ground vias 112 of the ground plane 104.

This conductive ground signal path is utilized to improve localized signal integrity
because is provide a short electrical path through the open area surrounding the vias,
minjlnizing the length that ground signals must travel during operation of the differential signal

- vias. Additionally, the thin interconnecting web runs between (when viewed from above or
below) the two differential signal via exit traces as shown, if beiﬁg understood that the signal
traces are locéted in a plane different than that of the ground reference plane. This structure
maintains a reference member in close proximity to the differential signal traces within the large
open area so that coupling is maintained between the signal traces and the reference ground
plane. As such, there is no danger of signals traveling along these signal traces being primarily
coupled to a ground that is a relatively larger distance away, which could create an area for
coupling with a large signal to ground distance which could cause a slowdown in the operation
of high speed an frequency signal transmission.

FIG. 3 is the same view as‘FIG. 2, but in FIG. 3 the interconnecting web 107 has been

removed for clarity in order to view.the conductive layers of the circuit board that lie beneath the
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walls I'll of each via In FIG 2, the path of this bisecting trace is shown
as a linear one and it extends between two annular portion 109 that
surround vias 112 which are designated as ground vias for receipt of

desi gnat termnal tails. I.n the configuration and path shown in
FIG 2, Vt%ﬂéa{ﬁ@g@gz 107 may be considered as bisecti nd’CtTﬂé%?}Ef"?glf%d 105 into
two equal, and preferably symmetrical halves, or parts, 105x, 105b. This

conductive trace 107 fornms a web that extends through the anti-pads, and
pr ef erging plane biygh!l A4 theemtcsit ool 10Ae Thmloivephsiers tdBercoopt wardimanbgr ound

[ I th t he t di ti ' | Vi k. d I

ot feceriae fietE nBRRih I art et dd Failin Rerd P r bER I ROR e Rlerel o™

di f f er@Rbh@thiSdeBRtRlas ¥ caflucthhl Sobdd BfetAbEHEAND SGnh G PaR tHP follcsamdbe seen to
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FIG. 5 illustrates the interconnecting web 107 shown in place and its location with
respect to the ground channel route routing path 120 and its location relative to the differential
signal traces 125, onte of which passes under the interconnecting web 107.

FIGS. 6A and 6B illustrate another plan View.of a circuit board structure constructed in
accordance with the privciples of the present invention, which shows Variations of the ground
fouting channel 120. In the embodiment illustrated, the ground routing channel will taper down
from wide extents 140 to a thin interconnecting web 141that preferably has the same width as |
the interconnecting element 107 for the upper ground plane layer 104 and which also preferably
passes through the center between the two differential signal vias. In FIG. 6A, there is no sﬁcli
interconnecting web 141 for the ground routing channel 120, and it can be seen that they
terminate in alignment with each other along the dashed lines 129 of FIG. 6A, which represent
an extension. as can be seen of the aligned diameters of the two differential signal vias. They
further terminate outside of he center atrea between the two signal vias 102, so that if a tangent
were drawn along their terminating faces, the tangent would preferably run outside of the inner

walls of the vias as shown.



path of the signal traces 123 that exit fromthe two differential signal
vias 102. This conductive path 120 is nmuch wi der than the interconnecting
webs 107 and although it lies adjacent underneath the ground plane | ayer,
it iss I erefromby way of an insulating |ayer such as is known
and useg\glar%a{ﬁﬁgozyr]t of printed circuit board construﬁ’thH}??"‘)T”H?%”pat hway 120
follows the path that the differential signal traces 125 wl| take as they
exit fromor are routed out fromthe differential signal vias. As seen best
in FIG 4, FIGe ilpymgiss thersameyiaess G hdut mdi thegiopnd erdisterepantdtial t owar d
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over tpemwnesrga teafgasedhe tHacaingpiing webaldddies abovesnd predmalp sligied withg,  4A,

whi ch .al s h ‘the . i.nterveni boar.d mat.eri al separatdng.the |ayers in
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two singpal12b Kk Bce aath HhiEMR vihd @eRSwAGe ol BE BRuit 6078 betelRtkhadnhhanki ng the
thin interconnecting strip 107. FIG 5 illustrates the interconnecting web

107 ssamilank e adacaanectinggvabedatiléh with respect to the ground channel

route routi ath 120 and.its | qcati relati.ye to. the dif.ferential signal
{races 125 KGR s A efrRfiet e i Waanih LM Eshicath, B 87 “F 5. oA
and 6Bidgtdnufitlcati@y aMnodiftalt bBhNndtrsitatiHy sdothbr Gddidn iR O@bFafiéd WEH thee construct ed
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accordance with the principles of the present invention in which the conductive interconnecting
ground plane element 307 extends through the anti-pad 305 in a bifurcated manner, that is it

includes an bend or angle 306 that defines two different extents 307a, 307b of the

interconnecting element 307. This element 307 divides the anti-pas 305 ihto two asymmetrical

and unequal parts 305a, 305b. FIG. 9B illuétrates the differential signal traces that leave from

their respective vias in alignment with the interconnecting element. ,

FIG. 10A is a variation of the circuit board layout of FIGS. 8A and 8B, in which the anti-
pads 505 are relatively large and rectangulér in configuration with end notches 540 to
accommodate the associated ground plane vias 512, and in which the conductive interconnecting
glement 507 divides the anti-pad into two symmetrical halves 505a, 505b. FIG. 10B iflustrates
the route out paths of the signal traces 525 from the two differential signal vias 502.

FIG. 11 {llustrates another embodiment and in the Figure, the interconnecting web 107
has been removed fro clarity. In this structure, the ground touting area 120 is diSpoéed beﬁeath
the layer in which the differential signal traces 125 are disposed and further undemeath the top
reference éroﬁﬁd pléme iéyér‘ 104. The ground routing area 120 has a wide stub that _exteﬁds into
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-7 WD 20061050202 PCT/US20051039147 FIG 7 illustrates the sane view as
FIG 6B, but with the ground plane interconnecting web 107 of the upper
ground | ayer shown extendi ng between both the differential signal vias 102.
It also“gﬂﬁ&%jaﬂ% differential signal traces 125 that exit fromthe vias
103. As OB Y%et ermined fromthe Figure, the int ePCHHMYBAE web 107 1ies
above and preferably aligned with the web 141 of the ground | ayer disposed

beneath in the circuit board. The differential signal traces 125 that trace
a patthe fiea renchib the differcotiell signahlegoes and firkerdigledss £ i apgicartkatgkispdsshown and

these. fl ank ,t.he i nt.erconnecti web 141, FI 8A | vi ew of anot her
cir cu{i:r?m oegﬁr"gj pfétﬁ) 1\/31,{333&359-&3?4 gl?%menﬁ\gégéﬁz ,tO%Hlaer?Oélg zeftﬁga“rf]e |7agr anmmatic view
of a circuid shBeabestinERE.NQ! Ak idifkrabnal iial Hesds @ftidlly sxesaicianess Wekided he
princi pl es of the present invention, erein the anti-pad is generally

r ect afghe mterepndectiag el 10€end thep phaveithit growndorosdngarea b0 whare flisgul ar ant i - pad
hal ve the.intervenin onductive. interconnecting elenment of the ground
pl ane‘ﬁﬁ%g‘?ﬁﬁ S}Eﬂ@ BRI a‘fﬁ n-tﬂglbmztg%‘ qageagxﬁlgpsaﬁ%y rectangul ar and is split

into two square or rectangul ar anti-pad halves 205 a, 205b by the

i ntervening conductive interconnecting el enent 207 of the ground plane | ayer
204 that extends between the two differential signal vias 202. FIG 8B is
the sane view as FIG 8A, but illustrating the differential signal traces
225 as they are routed out fromtheir respective vias 202. FIG 9A is

anot her enbodi ment of a circuit board 300 with a |ayout constructed in
accordance with the principles of the present invention in which the
conductive interconnecting ground plane el ement 307 extends through the
anti-pad 305 in a bifurcated manner, that is it includes an bend or angle
306 that defines two different extents 307a, 307b of the interconnecting’
el ement 307. This el enent 307 divides the anti-pas 305 into two asymmetri cal
and unequal parts 305a, 305b. FIG 9B illustrates the differential signal
traces that |leave from their respective vias in alignment with the
interconnecting element. FIG | OAis a variation of the circuit board

| ayout of FIGS. 8A and 813, in which the anti- pads 505 are relatively large
and rectangul ar in configuration with end notches 540 to accommobdate the
associ ated ground pl ane vias 512, and in which the conductive

i nterconnecting elenent 507 divides the anti-pad into two symetri cal

hal ves 505a, 505b. FIG | OB illustrates



the route out paths of the signal traces 525 fromthe two differential

signal vias 502. FIG 11 illustrates another enbodi nent and in the Figure,
the interconnecting web 107 has been renoved fro clarity. In this
structure, the ground routing area 120 is di sposed beneath the layer in
which the differential signal traces 125 are di sposed and further underneath
the top reference ground plane |ayer 104. The ground routing area 120 has a
wi de stub that extends into -8 WD 2006/ 050202 PCTI US2005/ 039147 the area
beneaéﬂréﬁg differential signal traces and further includes a thin portion

t hat § fromthe stub portion in spaced-apart alignnent with the top

i nterconnecting web 107. As shown best in FIG 12, the differential signal
traces initially extend out along the sides of t he i nt erconnecting web 107
and then afove #hwingdninsuit bouti wypaisiea: 120 where the differential signal

traces nar r as(tj(o) n%auoofta gtlﬂlil‘e{ pcin%gﬁ{eﬁ?@regg% {h%réﬁnf:cl[&%al &tl%f%%onﬂ'ectdg pr i nted

circuit boar Bres configure
recei wadt he contact tail portions of a connector and at |east one ground

pl ane Iayer wherein t ground Iane spaced within.the circuit
board .at a® %@%PP%E@Bﬁf&%%%MHEpW Wﬁ@t@%@y a%ﬁa¥%éS%PF @ﬂﬁgﬁrd and for
each Rabkit E)Jard %%&dﬁoﬁ%eﬁ%éﬁ @@Rﬁﬂl‘é'sﬁﬁa&? o?th? S ﬁfzﬁ'd ahd &r3R@ paR&itr . an area

surrounding the pair of apertures that. is free of the ground pIane | ayer
and themgnoumdegkadmgﬁoyéﬁ&haWthgalpmnnn@@nGmMMHME@ﬁhmp@t@bmn@mtsﬂ@teIenent

wth a ub i formw dth that extends through .the area

surr Ol.ﬁ1 tﬁ%%r 03‘?4 g@? glratﬁrﬂld ﬁieg%(alfnd ianc?asw.' Q?Véltlgta @ﬁrég(inﬁt“ %}Vg onnecti ng

el emﬁﬁtet‘%@tﬂ%bﬂﬁg@@em&ﬁ vaiheRsubbh@RIQ funifbien Gidonhel: Bliede thray@rthé ie® two di stinct
“parts. 2.. The printed circuit board of claim1l, wherein the area surrounding.

the pariowrlingdhediftoratalsignal prir, prhercly e HeTpITRARL N @memh separies degrea
Conf'QHE%%HQE$n%dPﬁgQ%%@fﬁﬂjﬁﬁf&H% @rd conprising: at |east one pair of
e co

apertures corfigure receive t ntact tail portions of a connector;
at | east one ground plane l[ayer, and for each pair of apertures

corres pondb'ng t M printed circuit board of claim 1, wherein the area surroonding the pair of |

apertures free of the ground plane layer has an oval configuration.

3. A printed circuit board, comprising:
at least one pair of apertures configured to recéive the contact tail portions of a connector;
_ at least one ground plane layer, and for each pair of apertures corresponding to a

differential signal pair, an area surrounding the pair of apertures that is free of the ground plane
layer and the ground plane layer having a thin conductive interconnecting element with a
substantially uniform thickness that extends through the area surrounding the differential signal
pair, wherein the interconnecting element separates the area free of the ground plane layer into
two distinct parts; and |

an another pair of apertures, wherein the another pair of apertures are aligned along a

routing channel that extends in alignment with the conductive interconnecting element.

4 The prmted circuit board of claim 1, wherein the conductive mterconnectmg
element separates the area free of the ground plane layer surrounding the pair of apertures into
two symmetrical areas.

-10-



differential signal pair, an area surrounding the pair of apertures that is
free of the ground plane |ayer and the ground plane |ayer having a thin
conductive interconnecting element with a substantially uniformthickness
that extends through the area surrounding the differential signal pair,
wherein the interconnecting el ement separates the area free. of the ground
.plane layer into two distinct parts; and an another pair of apertures,
wherein the another pair of apertures are aligned along a routing channel

t hat eXtends in alignngnt mnth(ghe Qondu tive interconnecting el ement. 4 The
printed cireuit TB8RFRICHFIERERdOL qlgimyleheieiidhe BREERATC G APRFE BHRAME | ng

el enent, ,3RPARLER hARGRLRAHIRS i RearoiR Rt AR haNEiSHiiuUNd ng the

pair apertures | nt two synmetrical area 10 5. The printed circuit
boar d apfrtwksai m 1, wherein the |nterconnect|ng el ement extends in a linear .
fashion through the area free of the ground plane | ayer surrounding the pair
of apertures. 6. The printed circuit board of claim1l1, wherein the

apertures g e platpdntel thcat baaansuddinvig witley thebperiires Baepiptel Bliad ci rcui t
board of claim 1, wherein the circuit board includes a conductive ground

routlﬁ@n@#@éeﬂmﬁﬁé ed in the circuit board underneath and spaced apart from
the interconnecting elenent. 8. The printed circuit board of claim?7,
wherein the conductive ground routing area extends beneath the thin
i nterconnect i ng Tak etietat candt bvasd a%cldimalsvvhamm tpe)cnmtmnbdai'rbmeluﬁeaml ch is wder

than the thin int rconnectln rtion, Th |nt IrCUIt board of claim.
O neRa e R Erop OGO AR et Leap R b a8 Cirpt bobti wflelaf Anf sharey tpr R o

ci rcu%epl@@gd;mg(g%re[eﬂegg a first surface; a second surface opposing the
first surface; a plurality of plated vias extending fromone of the first

and second surface toward the other of the first and second surface and
conti gured St. 0 T9%E Ipl\"ér?te& %{rmltnn%larcf c‘?fI clau%olr 'hg reim tﬁe c&hductive ground routing area

extends beneath the thin interconnecting element and has at least one portion thereof which is

wider than the thin interconnecting portion.

0. The printed circuit board of claim 4, wherein the two symmetrical areas are

equally sized.”

10. A printed circuit board comprising:

a first surface;

a second surface opposing the first surface;

a plurality of plated vias extending from one of the first and second surface toward the
other of the first and second surface aﬁd configured to receive terminal tail portions of a
connector, the plurality of plated vias being separated info a first groups of vias and a distinct
second group of vias, the first group of vias being dedicated as ground vias and the second group

of vias being dedicated as signal vias, the second group of vias being arranged in a plurality of

via pairs, each of the plurality of via pairs correéponding to a differential signal pair;

- 11 -



connector, the plurality of plated vias being separated into a first groups
of vial and a distinct second group of vias, the first group of vias being
dedi cated as ground vias and the second group of vias being dedicated as
signal vias, the second group of vias being arranged in a plurality of via
pairs, each of the plurality of via pairs corresponding to a differenti al
signal pair; -11 a ground plane |layer, the ground plane including a
plurality of openings forned therein, wherein each of the plurality of
openi ngs surrounds one of the plurality of via pairs and has an edge that
ext ends. aBuHEdphse lagpdea growdnlanejaslpding p glugalitn phoreaings éarmpd therdmment

positig I : - al b : I en the
Uias gty RROFRR rahir Bhetis shikolias ORERS BOBLATE SUERNIRY pagh e

subst adp¢ thed extends afoondnheirelpbctive ves dmanict | ve el enent extendi.ng from two

si des of the .edge, of. the openi.n Q as, ta divide the openi I nt.0o two
G St not  pAriia CaicHYR 1 BSOS PGF B T AR o G RS o SPHELBEHEKBEINE hat
ext endgReh WRGRsithe MinfiR&id pROWhbiofNEE cdrilubdiR ARG Rgk o dibstardii@lyPr i nt ed
circuit board of claim 10, wherein the ground plane layer is poOsitioned

bet weemifoimewidth,ghe gudfictve ekemeent érderslengolnen sue sideseofdlie edge of theopeninpenasd. 12.
The printed circuit .board of. claim1l wherein.th round.plane.is a first
o ound? IFGAER Criie B RNP aRodedt it drhe £ P bR AR LE R AR ol ane.
13. Theatpktefdsafdtwdeh Gt $ia Phir posfided th thebgsghd) the di stinct parts of each of
the plurality of openings Is substantially symretric. 14. The printed
circuit of claim 10, wherein the conductive elenent has a first portion and

a second p%.“ Ofthe hidted EFQMDRRY Jr'cHin @b, FRerBl P Eerihtd ik RSRGSs t0 the first

portion. - _
positioned between the first surface and the second surface of the circuit board.

12.  The printed circuit board of claim 10, wherein the ground plane is a first ground

plane, the circuit board further comprising a second ground plane.

13. The printed circuit of claim 10, wherein the distinct parts of each of the plurality

of openings is substantially symmetric.

14, The printed circuit of claim 10, wherein the conductive element has a first portion

and a second portion, the second portion at an angle with respect to the first portion.
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