PRI NTED Cl RCU T BOARD FOR HI GH SPEED ELECTRI CAL
CONNECTORS Background of the Invention The present
wonuensioa rel ates generally to high speed el eecriusa005/039147
connectors and, nore particularly, to printed circuit
boards that connect or otherw se support electrica
connectors and which provide signal paths for
differential signals between different circuit boards
and conponents thereon. |In backplane connections, an
electticql connect or if't_oicall %§ed t%-&°ﬂ”"

anofrér y éﬁilvvoafd.'%he béaraé are uéually oFién{ed
Backgro H ehte nenl.OBSuch types of backpl ane systens are

ugBd piedthfvdrtios Gelamny péreadliyad high g@edbléctricaltdoanetadra and, more

transfer area.. In these areas, it is desirable to

{
particglonlyrtelpriptadreitcri daaide thah pennepbrrsatheisesapR@balectrical connectors and

i ff tial Si | hs.. T ;
st b bl LA ALE e BE D RREF LRaTlo it
compbAdtSBeredBAd On circuit boards, where it is possible to

| ay out conplex geonetric patterns of conductive )

t dmbagkpbne chenastipopn elsetzical connegter is fareallyusedjiosiorny g cennection

to mai.ntain preselected. di stances.het i ffer [ .
betwig gt Ly e et PR 4 G CER iR Phe Skl E'sFOLAly oriented

at rightehBRENSHdEypégialacBRhliSsyadthsake aed g tirtteldc@h@unitations area and in
reference(s). The present invention is directed to

the daairhnspeartare.nb thnsk aréne, it isdesirdmiaegntof bethémpadanee it cross-talk

It IS therefore general object of ,the preset.. TR
betwsep dafrpatl Signpisliece TR TIRGYALITEY PEOPE BEIY parpisyn nes
such &N S82384 cANBULn@ oR Biréuitfoa¥dsasvhlehait isddoRsibiead 1dyasut com%alex geometric

differential signal applications . ot her object o
pattembef gmdsetinte traves ot ihsreincyit boardr ovi de a circuit board

pattern for use wWith differential .signal i e} .

P arishedfom ARV IE (S Baoih BE g hRE A eri R P iR signa
pathsRP &alkslal HeHIRTh AlislaRES beRRRn IhOH DL P8 Gnd BY GfsobifRl ground

extends along a plane of the circuit board, and the

referagee(s)n dThel mesent anyentidnnie Hirditedytoasuch pattérmpard the dike.
enconpassing the pair of differential signal vias, the
anti-pad including an area wherein the conductive

Sumﬂﬁfﬁ&ifﬂh Iﬂtfeﬂtp& ground plane layer is renoved, and the
and pfane layer including a conductive el enent that
exit Bnitsefory o pglerdllvbjeantfi thp prbsttdhvwengion ttdvprovide 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
differential signal 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 a 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

element along a line that extends between the two differential signal vias so that the conductive
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pair of differential signal vias, thereby dividing the

anti-pad into two distinct renoved areas, wth each of
woheocs@as enconpassing a single differential sCgmnakoos039147

via. Still another object of the present invention is

to provide the anti-pad interconnecting el enent al ong

elemeit i)iisgzl?s {H%%tntig%lﬁﬁ SwBS|MRRAdNgah¥0 di fferenti al

sign Vi as at the conductiveel enent bisects the
ailet a fiachdr wbect wixhs prasedttincatioh s to @sovidetheanfitpad heterconnecting
obj ect of the present invention is to provi.de the . ,
clemeghtlpng AgaibrReEY ErRE B ng¥eé?f’éﬁgﬂ8n M 58 hasdy FVI5Et theapti-pad into
tWo I{OE%wetgkglf eieptial signal vias so that it divides
’The’an él |

I-pad 1 nto two, non-symmetrical halves. Still
y Stillaieoiieheralbjec vf the pidsentineseion id toypeotiden greurddrace routing
rovide a gr ound trace routing channel that ext

] d
cham}%hm@u@fends 1;%&#1 theeratizrnd apf GYTEEs aarddiioned ghund @V%Jﬂﬁthe two
: [ r..t i i al i |t h
ity P egh B B ST R o s "o ects of

t Mpefy BRlefther dbhye dfahe prfeger? iiBient@tare provdyedby tvag of the structure of
~structure of the invention. In accordance with one |
the ingerisisnti di aecosdanch avifhrans emborlimpen of the presept inyemtiony g girgpit board has a

T T

appli@BBhd. CPid @RS takd iR fshAsf halketHabextbal tr@ighhbt esciitipdard and the inner
extend through the circuit board and the inner walls

walls of thehaa eiezplated tqestablish elscisiselagsinnediions betvepe He vias, circuits on the

.__.connectipns he en the vias,.,cireui FLGUt

e GRS P HREPob s Yot P8 S PR DAL Bl psce apr

from ¥dcBothdER6 s Bthdcofimodiafsa pair SPeARiEalapiabbrifone Y @@6fhector mounted to
other so as to accomodate a pair of termnal tai

the cipwitthioarss of a connector nounted to the circuit board.

The circuit hoard,.includes one o [ r.ound : .

T 30 ST BRoEEBY B By BB s contucrive
coatifly, SRR doRBEr la%fé}ff!ﬁat x%icBAH itsowit SlafyWritRlredteonM toBiod bettom surface

on a top or bottomsurface of the circuit board. The

of thewiimsitdoerde xPwsdas ap exprsed an thecwisfaesds of e eirquétiiaard; gag an area of the

nd an, area of .the aground plane that. surrounds th
erou} gt ot FEngt BVt B PN BAHs Sy Jhis e,
remoPRERea fsEERYRIhAICRAd tBosk §f RS S adilal NRREit leAcdniiRisses a pair of
art as an "anti-pad" and it enconpasses a pair of
differentisfl sigant vias. Sudrealantiipad is Boueh infhe arit juchad theselilheivaied in U.S.

T TOE L NI R
2004 8 %es 38111288 Ul cal B! KvaPify shape, constitute a relatively large area surrounding
the pair of vias which is free of the conductive ground plane layer. However, the present
invention is a departure from the prior art in that it utilizes a strip, or thin conductive element,
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 symmetrical anti-pad halves. In another embodiment, the conductive element divides the
anti-pad into two distinct asymmetrical halves. Another ground layer of the circuit board,

adjacent to the ground layer that harbors the split anti-pads, may be provided within the circuit
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2004, and these anti-pads, typically oval in shape,
constitute a relatively large area surroundi ng the
wQanee/086202i as which is free of the conductive BCOWS2005/039147
pl ane | ayer. However, the present invention is a
departure fromthe prior art in that it utilizes a
. 1.Qr \V; :

board B e e b By B e e pethvay
that is SdfRer@nd theaghal riute dwicpatiedayemm it Bfferenealcigmeeins;ng

RIS 2O 5, & St oL AN Bl LT, v
differettnﬁ?tlnsclglgaﬁ gka@gna falstohiﬁcltu\é? a%él:e@sﬁ 8114 f B?a\%@ Q(Sj{hgﬁﬁ% intbfdBnnecting

uctive el ene es the a -pad 1nto two

elemefli takdsncpatiandt fylowstthé fakingof ir ahstehatiged lajenrartiop fndrich extends
enbodi nent, the conductjve el enent divides the
out angd giay proan thetdsferersiadisipmphvies.- asynmet ri cal  hal ves.

tAE és%reg%lgﬁ 1Oe;r'I §§]te!:t§y%é?19%§aaﬁlg%d%ﬁ%ég br ﬁ??&%@nﬁﬂb%{é?%&g%e clearly

eF 1 rbors the sp anti-p

under2SoPihvighecconkiiiafioh BEthel folsiihpdatatled degeriptiode a
reference ground path that extends within its own

| ayer to provide a pathway that is adjacent to the
Brief [ nalt.rout it eu$may fromthe differential signal
el Feadl 0 the interconnecting conductive

e_kr?ﬂ'i’% RbuisBaF thexd R fbel ReémRRR, thb eefbrvBedlivilf BE BBJucatly made to the
signal vias may al so include at |east one turn or

attachedhdtaavisgs inlvdticlt he i nt er connecting el ement takes a path

t follo the routing of .an _.adj acent. si .
Bt S s e deb R et e A Pefal T F e Pl Slonti B
diefd ereptd @h ak pYirpdew DIgSsh@sioe bheircohbeat Signal launch
features and advantages of the present invention w]|l

bE1G! Zird plandidgrsimusis iew ofighireuichrisd derstrisd ibfcoprance with the
T FUEE A A
is spli?ﬁﬁ& f\ifcpbér@arbg B FhREABRRNWE %m%@téfé B6HRBliAY stiRde to

e attached draw ngs in which: IAis a

diFHQr hisrthe sangviaw agiféG. 2fbua withithy ingareonieeidng conduetivg strip removed
signal | aunch; FLG B is.a djagr.a i.c. pl an vi of
for cIER Ei I PG R et iaartofe & AT ish AdRott &'t ground plane

layer bESFIR. 9[ an diagranmmatic view of a circuit board

constructed in accordance with the principles of the
pFéGehts thavent view,asdid. 3, dlseswithathengtescogneniimg condustive strip

S T T R R MER RN NN S W—
on thesér'bilﬁ)d routing channel of FIG.3;

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 view as FIG. 4, but with the interconnecting 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 channel 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 interconnecting strip that may be used in

circuit board layouts of the present invention;



FIG 3 is the sanme viewas FIG 2, but with the
i nterconnecting conductive strip renoved for clarity
wanaetoseogr ound routi ng channel formed as a | aper/ushms/039147
lies adjacent to the ground plane |layer of FIG 2;
FIG 4 is the sane viewas FIG 3, also with the
| @ ' ty if F a6rdudt
oty e R G Far SaC a1l ottt BE pIARTLE Bhidiiive
intercotiaavhiag slestzotumdshep diffenpombdgmat vidieutr aunsipeomppsagl upon the ground
.channel of FIG3; FIG 4A is a detail ed sectional view
routingrchaprelici r cuit board of FIG 4, taken along the extent
of; i - ., . is. i . . .
2 PG ERE £pthy HREERbauCH ool R AR b SRS design i
accor&dieenviihrthppaseplex b £thdippese@dnassionhehearein thp adi-padlis generally
between the two differential signal vias; Fl 6A S . a
rectangulys apq AgragpeensplitENET SQAE of Apstangubn agti-neh balyey anthe
. [ | . .used in
intervEfitl B ERO0 R redieePodd et e Bl A LBV o2l
6B1GS8R iPthaparflé a@tvadiTRIGI 8A VineWlnfiradng thadi fle@niidltsignal v route
the ground routing channel with two stub ends
outs; j nt er connected by their own thin interconnecting strip
t b ed in _cilcujt the.
o 5T PO AR G ot ARBHE: AU EAClr it ppord ayou

constRidtedh bbcordiRcg Nkl pliddisled aM1@E peRBRUGYdntidn in which the conductive
i nterconnecting element and the differential signa

intercohrectiog geoupd piang glsaranppeisreds tieuah threaaniirpadna adeengp as to divide it
) channel .  FIG 8A is.a plan diagrammatic view of a
mto tvcyl()%&sﬁlinff’ B%taalsgnp}?gbclabga}rgﬁ,i ng anot her design in

AGQOT G@E6L: M BiakR@niiEER o€ Sndthert EbIIRSRNVS a circuit board layout
I nvention, wherein the antl-Fad I's generally
S

construstaddn gedoadangnwithabe pgnaiplenoksibe prespritipveniion seyihich the overall anti-

.recta | ar anti-pad hal ves by..the.interveni
pad i REET T 2E PR irEBRMatE ST ien B miofihes B S mmpraieene
assocla®Bgroutd SandBad, and RewhANEBhY/dRWudEvedihfercdhiectiglelement divides the
illustrating the differential signal via route outs;

anti-pafl @rto 9wo isgmaeplcahhalvesyr ammat i ¢ vi ew of anot her
RN L SRS el BNRHAGRETRLLHEL AR ot g
traced Y@M QR diffeitigihigdaeviegnduct i ve
FIG. 11 is a plan view of another embodiment of the invention that is similar to that
shown in FIG. 3 (also with the interconnecting 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 Preferred Embodiments

The present invention is directed to new printed circuit board patterns, and particularly
launch patterns 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 ére uéed with differential
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i nterconnecting ground plane el enment extends through

the anti-pad in a manner so as to divide it into two
wdizadeioaen2 but asymmetrical parts; FIG 10A i sPaTfulSans/039147

di agrammati c vi ew of another enbodi nent of a circuit

board | ayout constructed in accordance with the

signalg.r FRETR 8Ris@dted Q?oﬁ{oﬁ %?Qhrin?lyg(l%rhp& HaBikpMteCdD, tdWhich a connector

ver_a'II antipad s relatively large and rectangular in
wouldledtiaghudat There ave tchlunak offiasles,corapedmen G2 tteat taheeformed in the circuit

associ ated ground plane vias, and.in which the .
boardéé)raaééhqswqfﬁ%%%ﬁ%m%eéﬂé fiin @F\?ﬁd‘és‘”ﬁge These vias 62
o YRR HRoUETEL g Y88 et Bt S o
that tHegldefin®4 cétiRic8vgpah that agesdsfdonmpléthly thwoglditfefoirceitbbadd. The contact
_signal vias; FIG_ 11 is a plan view of another .
tails of psonaston arainseried iniibavidrlesHamquat 3 penegier tothe gigpuit board 60.

. sho in_Fl I ' ' ' '
T A A
portiohB&r a8XH18N6ES off Harbhel Shndlaghd anf remogedaddnd thetviiasgp2to leave

channel ; and, FIG 12 is the same view as FIG 11, but .
exposefl itgas Heindirertp@npidehoringeat cemestians maders the vias. However, in this

illustrated, Detaile SCr i.pt 1.0 : r :
oo R S B R B o PR YRA 0 o i

intervBhinB h@ferl [<Ciotvn@ 8B d1tRAIE HeSotedtEatphik ihtetveaing Ynaterial 63 follows
| aunch patterns which are found at the apertures in

a naturklepathi arownd thp opewisnitubesto6r dde interremegipeiovial igilarge py egmpared to the

. nnectors.which are noynted.to the circuit board.
S1z¢& O_% gy ?:’%ff fhg anpyas f)rreéglélﬂtm iw_ﬁil/tér?_tr :;t%lﬁkrllegg'di rected to
| FRGOVE thd vl theR heiRed tREIE b £HI600 BRATHistehbal fodlukd with a
differential signal traces. FIGS. | A and | B show known
differentidl eigndfcopneater tn foastasturhaas deserihed eroraifylly in U.S. Patent No.

differentjal sj FIG IAjllustrates. a. portjo .
oo FRETAGuS) 24 G SR ST AR Ry v o
leave ¥R lék%s@@, d’i‘togéi? hd arole heirdb Lvia®b Mms f@n h@Fefentirpair. This open

apertures 62, that are fornmed in the circuit board 60
area ignuhch herger impiee thangbe amalasofidal YAr & i way, there i nohground plane

v B S ol e B R B P By R
P G
of colbative mteeiabant thistexpaset! sraafforme wihaewe tarman &iis deseripten and what is
referrlsgtgfi@tt eE_II'\t/ iag all1 Qalm%s-’pa}dg, v%%%ﬂ t1s gn (c):}?err]l?negcitn(%ﬁe gf{rgurtlcp Slal% {a%fgri 54 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 illustrating 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 carry differential signals from the circuit board and
through the connector. As can be seen, there 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 like to create a large opening in the ground layer
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Typically, there are one or nore ground pl ane | ayers
64 included in the circuit board 60. Small portions,
wonro@maedoas 66, of the ground plane | ayers ar ePCEUSY®A/039147
around the vias 62to | eave exposed areas 66 in order
to avoi d shorting out connections nmade in the vias.
uration, there is ground

ﬂMIaH% egﬁgpggwgphgg%@%??g%ﬁgg?%ben the holes 62 agd this

| W erefano tigs bpéreareain ths debaiptioatas 68 “aitt-padicmlddobpurposes of

s Sk bR B B 85 B 2% whers
B

structticf FI@SBis dpliintd Bos banswhmayheietyicdl hbleds by a conductoar d
600 that is intended for use with a differenti al
intercgrgRtRg elomeat tvthe fom ey Bisegtingdingaietracsd Od daxt erisads My een the two

dlffer?‘gt?g&g{uﬂ VL1Jas Eacgts %tdl nﬁal%@%‘lff'ggcx m )ﬁlﬁgl%ge g%ﬂé‘&/n ]agc'onductlve

groun ane ayer I'S S ructure such

annulQYO?ﬂﬁthﬁ&)Lﬂl@s t}%aﬂeﬁalﬁlnwﬁbéﬁ @se&shnetied aphn candrtiae plmnﬁlg on the inner
pairs of vias 62 that forma differential pair. This
“mHSdbbﬂngéaﬂas nuch larger in size than the annul as of

I?F %(f;]? gb f Q}\é\s%n%etc he{ %é 2 sﬂgwg 9 %ﬂﬂea@loﬁg %H& ﬂ%g{ends between

Bresent

two aﬂﬁlﬂﬁﬁao@tﬁonﬂl b fhfaﬁtfuerﬁhh@lvlaﬁdﬂﬂ whreH e desifrhied 43t gibl\tl&h\lrlﬁtgfor receipt
area 61 that lies between the two differentia

of desigratedazoid @anmabﬂalé$ yIndbe 9@@@&1@@9@@%0%1@ rFuléu 2, the trace 107

ey 000 0 5 B T B L BH T PR T Fh By syt
halves bhrtd QGSa 181 C This SoAdLRRE Waﬁ@ 1 ®71fotnlﬂ§ aGFebUR4t eteddethrough the
'layer 64 that entirely enconpasses the two vias,

antl-ppdsgfae(ﬂ atﬂfgrablyrshmouglotﬁle et aribe anti- mc@ &6 o peayidze sryped signal path

betwecea lthq lﬁ’r(}i&r 1a1€s1r1%a xglafy §Jti %@te%dVSTs ]ﬁ/ %egtm%@e 1mggéragﬁg]?f the

transtAREHA 1iAO BefihddUs) thatw 8iffer@iial sighal WhaAS T%%hlrﬂh@é‘r&frﬁl@étﬂxg web 107
vias that are used to connect to termnal tail

can bp egenito nstencﬂ iraa Gonbrteear thﬁﬁwn@@lrxdofmsrﬂel 2cqfrt1@mg110ub<bglme 104.

|
d Fﬁ’f ﬁrln é‘?eag P‘E)l%aﬁ @Pa? Py ?%‘ ﬁtéﬁ% Irtg EIPPP/OB/\M};\ 115%5051511@11 integrity
becautsgfsﬁﬂgﬁd& henh&e eReGkAr patﬁ?!hl%ﬁgh BR R Brea k@b diSe e vias,

gro reference plane 104 disposéd as a conductive
m1n1rh]aygrth©lengﬁ1 thatt gvoundtshenats mostitraviebdirthgoperativhef greclifieiential signal

|caII estaplish
vias Phfaorgfly B8R e g Rise MO A e RSHESRL ey die gt o above or
belové')rfﬁéji Hl@@réﬂﬁtaﬁé'l | viaSHGhrRes 8PSV, ft bBRENAS 0ot Btht Ble signal

t'he 11 area 105 of the conductive ground | ayer

traced &e t(E:mE\zleni alpﬁana 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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conventional manner such as by etching or the like to
create a large opening in the ground | ayert hat
wenewrpsewses the two differential signal vias. Pé#USEf08039147
to this open area in this description as an "anti-pad"
and for purposes of illustration, this anti-pad 105 is
§

grounf LT e f0d DL Al B gb ! M Lok erhersior O URE board may be
seen tb Mlida ebirdheiverpaitalaysi yriaht alioetends betweenrtitd twpalifferential signal

structure of FIG 2 is split into two, what
vias as«j/ Hhietery eseas ar?and/@é,%ﬁr@lr@dﬁ@m? RGBS Aeh fhgt follows the

ement r [
path of RN b RS ATl ou iy Rt DAL HAOP. UL comductive
path 128GHmsie ledérftIﬁaﬁlrtﬁél ritédcosha@tiag webal 07egnd ditbugeit liasadjacent

shown, a conductive annula 103 that surrounds the v a}
undernenth thiei grpundsplansipgest Bds separted thepeRBIREDHY aﬁmﬁ%ﬂ%ﬁlg ayer such as
is knot\aﬂﬁeaélld&%gé &qmﬁlﬁ &rs’t % g&g fd c%g:ﬁg\lxﬁarg gogstﬂcﬁg%‘?TgfﬁgaﬁthR%EIHZ@ ffollows the
path tEX NGRSl WA Al tHiRd dsithey $QOfrbMalr afdibtedpdt from the

vias 112 which are designated as ground vias for
d1ffercrétaésl|gnalofla&je5| gnated ground termnal tails. In the

Conf ' gﬁ»‘%%s&] gléfﬂdﬂ gﬁ%aigg%"égégg‘f' mtth g élsagc(f%e:was toward

each 5t1’1\€} fﬁgtul%l' waP Bkt @ € PhoriSH Bt thitGdder ﬁ@bv‘ﬂ&& thi@portions 127 that
par 105a§ 105b. Th?gﬁconductlve ?{ace 107 fo?ns a

extendvaba pfedbmgmrtehmtenh r Bluggrothdpathviy pXUis, prefacbpriefreedss a/wide path,

oS SIS, L e 05 L LU Bn
shghtw SRr Wd RYte &f@é@ b8 BleYsigfaf @%eh ‘1‘95 B gednmatarTae. oA, Whieh also

transm ssion I ine defined by the two differentia
shows ilgriaterwdndrsg bokitd matehiahsdpataging ther exsrs nghmbrtm@lﬂlr@atmmb eAs such,

they DY  SEARMGRTR GG PYOR EHARSES, Ty B A By be
consléérg('i‘% ﬂz%ﬁ&% I8 ththlihteA®AndQink BRIONG. | ocal i zed si gnal

Integrit ecause I's provide a'short electrical path
t IHIGuU§ Iﬂhtsltmtes frerntremnsciimgouetdi Tghowe ivpkese and 1 WpfztiqlilgWﬂh

rspei i pamo oo AP SRR Tl it FRLE K08 e citfrenti
' A € ait nons
signaf iflel 1 95 rielot wiikh Bt UrLAhE BGOSR 1O
diHIG8r éAtalndI6Bs 1lgmahte\anathen<plan icanEs ascusthwmd stnut:tubfe«rqmgtructed in
understood that th gnal fraces a cated

accorginsievil) e EFORPLE A HARerbI EHIRG PO Bp SPEAH0RS of the ground
routlr% &{Aﬁneﬂhbs ISt %ﬁ{b‘éﬁﬁn&gi f;'l.rﬁs@‘aﬂzﬁ t#e ?ﬁfs He5GEL @R Wil taper down

proximty to erential” signal traces
from W1<ﬁehd:)ﬁeﬁtbl @40 ar gehin 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. 64, there is no such
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 the center area between the two signal vias 102, so that if a tangent
were girawn along their terminating faces, the tangent would preferably run outside of the inner

walls of the vias as shown.



open area so that coupling is maintai ned between the
signal traces and the reference ground plane. As such,
wohers®se®2no danger of signals traveling al ongPCh@sS2005/039147
signal traces being prinmarily coupled to a ground that
is arelatively |arger distance away, which could
CREAULIRBASRe & hd 1165, ¥BE ButdvikiAf@SrSind Pdnetift fi
grlpg(gn’gﬂ Pst ancg %fgﬁl‘;‘goul g cause a1 sl o%oﬁm@ﬁ}netlhgrcomec e
web 10pef gteiwppegdrotmdhyspbednantehding betvegendiogntik differential signal vias
transm ssion, FIG 3. is the sane view as FIG byt
102. Jtilspishpwsihegafferpptaal sigmabiEacen 32%?# %vﬁﬂ@sfﬁwéﬁ %P%néé &ap be
L SR ik ¥id ' i \ YRESIPhI i
deent e SRl ¢ LS L) PR B et hizncs i
the wétay£r oftid gofind heetdisposet bbmathdin tRdcirciiebdaodueThd differemtial signal
of the circuit board may be seen to inclu

d
tracescl@Adtttragea path Hieay thezgas alsewhels adibe RS bR it Ageshown and
these @‘é\ﬁaﬁ{efiﬁt%rrcgrgﬁe'cah% %de%? #h7vi4gs and this serves as a

ctrve ground referénce routing channel or path

t Ivats. § Rl DVSWidTanPdEhcieduittiverdsiognaith b diffesnt H2dgh et is a plan
exit fromthe two differential signal vias 102. This,
diagrasamalic vieyef pairauit boarddnepmparatiigraother dsign @ accordance with the

._interconnecti.ng webs 7. | ' [ i .
princip R 8 AR P g esRE® pay ghe Htnll Bl 6 having been
split ihfde%ef Jg0sre BY radBi gOlfar aiti-pASHAIGES HYGht axtervesiug boratictise

known and used in the art of printed circuit board

interconmesting eleinont, of the groyad meag laveo Tlast ovswall eniepgsbds is ggperally

the differential signal traces, 125.w| S
rectarighfy 419 (5P T i S SO O b aRirg B et 291 the
interveh@B@bnMicBSe inf§cSERIBtIAE Slemkht F7Gf tHe grotied plagdRlyert T(RICRSE extends
125 extend fromtheir respective vias toward each

betwest ey twid differehtyalwegnabtias £0b, FIgr. 8Bliaghe yoraviones 1Hs Gmdut

RS R S0 PO LS AR 13l BHL PR i resectvevis 202
Pre6es ARY Motk BRBodsndht Wt 8leir@at tbard BES wetklagiy@dSit constructed in
conpl etely underneath the two signal traces 125, and

accordwst withethe paintiyles vf tedredenighvényiop e whithethe gensjugdveigémegonnecting

of .the sign traces 125 S _see t i.n.Fl 4A L
sroulliny RSB RPN GG b o Ry Hahner,thatis i
inclu®BRaMRh{ Bfadete3 dPHE! Sefins WG difRFdnt 62knidi30e4BOTH of e

such, they provide a ground reference for the two
intercohnevaing eteaeas307Th@his gera¢nt 8P adivides 25 mti-pised (8 antei tiheraspmmetrical

as flanki t thin jpterconnect . strip 107. FLG .5
i S B! B, b RS LR S0 Bt R e o
their ?e@ﬁec‘tiklé v1a9 411 2 ik LR tRS BRGEornEctiieeighemnd channel

route routing path 120 and its location relative to

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

FIG. 11 illustrates another embodiment and in the Figure, the interconnecting web 107

has been removed fro clarity. In this structure, the ground routing area 120 is disposed beneath

the layer in which the differential signal traces 125 are disposed and further underneath the top

reference ground plane layer 104. The ground routing area 120 has a wide stub that extends into
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signal traces 125, one of which passes under the
i nterconnecting web 107. FIGS. 6A and 6B illustrate
wanaoichvse2opl an view of a circuit board structur®CT/US2005/039147
constructed in accordance with the principles of the
present invention, which shows variations of the
the arpf AN IR RAAEEAREL G sl Puliip AT R portion that extends
from thewaubfpoetivnindpacsdt gattaligdentovich theitop intdremmecter i g07.
web 141 that preferably has the sane midtq as .t he .
i Asehewhhesin EbGePe iffqrgntigl srenahgaces gutiallr Siens Pt alnes the sides
l.ayer HC Q r t
or o YRLpARG, A RS RIS BRsasncl Prov s
differéitfal sighl ttab&y @artcsv B6ws uciheir Hig haoopeciohntzeb 141 for
the ground routing channel 120, and it can be seen
that they termnate in alignnent with each other al ong
t he dashed lines 129 of FIG 6A, which represent an
extension as can be seen of the aligned di aneters of
the two differential signal vias. They further
term nate outside of the center area between the two
signal vias 102, so that if a tangent were drawn al ong
their termnating faces, the tangent woul d preferably
run outside of the inner walls of the vias as
shown. 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 shows the
differential signal traces 125 that exit fromthe vias
103. As can be determined fromthe Figure, the
i nterconnecting web 107 |ies above and preferably
aligned with the web 141 of the ground | ayer disposed
beneath in the circuit board. The differential signa
traces 125 that trace a path fromthe vias to
el sewhere on the circuit board are al so shown and
these flank the interconnecting webs 107, 141. FIG 8A
is a view of another circuit board 200 with a
di fferent design, and is a plan diagranmatic view of a
circuit board incorporating another design in
accordance with the principles of the present
i nvention, wherein the anti-pad is generally
rectangul ar and havi ng been split into two square or
rectangul ar anti-pad hal ves by the intervening
conductive interconnecting el enment of the ground pl ane
| ayer. The overall anti-pad 205 is generally
rectangular and is split into two square or
rectangul ar anti-pad hal ves 205a, 205b by the



I nterveni ng conductive interconnecting el enent 207 of
the ground plane | ayer 204 that extends between the
wouemethséXoer enti al signal vias 202. FIG 8B i s PO®/US208/039147

view as FIG 8A, but illustrating the differentia

signal traces 225 as they are routed out fromtheir
CLAI'Nf§-peCt ive vias 202. FIG 9A is another enbodi nent of
—=—a¢circuit board 300 with a | ayout constructed in

accordance with the principles of the present

i nvention in which the conductive interconnecting
1. gAguindedrizgwd kopehepnPasnSext ends t hrough the anti - pad

S0 B PRI R Pyl o

30dimectd7/b of the interconnecting el ement 307. This
el ement 307 divides the anti-pas 305 .into %mo )
asy mrettleagiiong gepund elangl anddfpr and dogackspajp of gegfureggorresponding to

illustrates. the differenti ' -
¢ PTTERa T Sl Fel TS PRE Rk RS, £eE8Y e ground
i EIaﬁé CRRNRET 1h8 Gring PRIt hating a thidntefcoany@inigad dnaent dfat extends
the circuit board | ayout of FIGS, 8A and 8B, in which
t Heought thpatke sBosuRdies theldiffergatial sianplgrain separatingdhg aeain two
iH.cogfi uration with end notches 540 to accommopdat e
t AE'RYPEEPat ed ground pl ane vias 512, and in which the
conductive interconnecting el enment 507 divides the
anti-pad into two symmetrical hal ves 505a, 505b. FlG

2. 10Be ptihtedtciratié Soardef claim d , wlerejyathl gregfsurrpendingy g pair of apertures

t 525 f the two diff ial .signal vias 502.
Fis ot pe i Matbarte R SgieRu ana (n (ne

Figure, the interconnecting web 107 has been renoved
fro clarity. In this structure, the ground routing
3. arBe fritled sirdiispeskel danehtwhartio theares surrpupdingrthe par of apertures

differenti al ignal traces 125 are di sposed and

f dieg RE Feneu‘vﬁ a@;ﬁ@%ﬁayﬂ'&aﬁ 8 5e$@%]?aé i 8@95%6%}1 d pl ane

| ayer 104. The ground routing area 120 has a w de stub
that extends intothe area beneath the differentia

4.  siTineprittedciesithmdrd off ddier 1, widreiddhe painstoif appowres e aligegd along a
extends fromthe stub partion i aced- apart
PR U ERENI T A AT RORHE B g sBRC s cloment

shown best in FIG 12, the differential signal traces
initially extend out along the sides of the

5. i nTley pomedciréuigboasbofldZinahdvhdren thbiotescanmectiraelpaient separates the
routing area 120 where the differential signal traces
NEFFASHTABHIE H10 HP SYRIRCHICAT HE porti ons 127. CLAI VB :
1. Aprinted circuit board, conprising: at |east one
pair of apertures configured to receive the contact

6. taihe piuitd cinsuitBoasd of claim 5, wherein the two symmetrical areas are equally

sized.

7. The printed circuit board of claim 1, wherein said interconnecting element extends in a

linear fashion through said area surround said pair of apertures.

8. The printed circuit board of claim 1, wherein the interconnecting element separates said

area surrounding said pair of apertures into two asymmetrical areas.
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10.

11.

12.

13.

14.

15.

16.

connector; at |east one ground plane, and for and for
each pair of apertures corresponding to a differentia

weigisaiso2oai r, an area surrounding the pair of BROEBUSH06939147

is free of the ground plane |ayer and the ground pl ane
having a thin interconnecting el enent that extends

t Wh%%té&&rcﬁﬁ%@arﬁ%f R %efeﬂ?sagdi Ht@&@ﬁﬁécﬁﬁ% §1'619@1§7t| includes at

pair,” separati area in two distinct par

Thast@niebegd thak fsqmsﬂtlobﬁhbcdw@én oppmisimg Endswbbsagd mtdr brmnaq:tiag element.
surroundi ng the pair of apertures free of the ground

pl ane | ayer has an oval configuration 3. The printed

CI"[rhegorltnt«? fc%t%f lo%' n é%\gfe%#hnﬁ nﬁe@ cl E]]Qﬁ'l@ﬁlti dX¥ends in a

aper res e groun p ane |ayer

hagn-BinéRLThahngithasugh hid Gukaaduinonnd daid phie opapartueet. ci r cui t
board of claim1l, wherein the pairs of apertures are
aligned along a routing channel that extends in

o R S B G LIPS ARSI Bt conducive
|ﬁk@ﬁﬁ&nnect|ng el enent separates the area surroundi ng
into two synmetrical areas. 6. The printed circuit

board of claim5, wherein the two symetrical areas

ed y/ Th nt cyi
o e o A PO S B B Pl e
' E‘ec%nli ARt a[%é%ﬁl%s%lr{é'ﬁl%lﬁsd sidatl @b8ad plahe abdtheSpérelires being
pair o apertures. 8. The printed circuit board of

c blagmadiwithweed giimint¢reonnecbng elamedit i ng el enent separat es
said area surrounding said pair of apertures into two
asynmetrical areas.9. The printed circuit board of

ClBldBrinte RSB PdaRBd (L1 4iRT BIEIRAGE §4ill REcElt BoRAIndliteh ﬁﬂ@ﬁple layers,
at least one bend that is positioned between opposin

enuld saifl gsmind plane ey dispased i o dire layeeerf said drcuithoapt saie éHCUlt board

e o B0 s AT S RS ORE mte

anRa oFUk{aQuedit 5&ird, Bakicn ol trRBEBdinE 8Sposkd in 1REcoRE l4Yerdlf said circuit
circuit board of claim1, wherein sald apertures are

pbaaedchdydceit saidomredi boandefinstlapari said signal traces flanking at least a portion

of said thin interconnecting element.

The printed circuit board of claim 13, wherein said circuit board a conductive ground
routing area disposed in a third layer of said circuit board, the third layer being disposed
adjacent said circuit board second layer and spaced apart from said circuit board first

layer.

The printed circuit board of claim 14, wherein said ground routing area extends beneath
said thin interconnecting element has at least one portion thereof which is wider than said

thin interconnecting portion.

The printed circuit board of claim 14, wherein said ground routing area extends beneath
said thin interconnecting element has a first stub portion which is wider than said thin

interconnecting portion, and a second web portion which has a width equal to that of said
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12. The printed circuit board of claim1, further

i ncluding a second pair of apertures, the second pair
woho@mmse2onr es bei ng di sposed in said ground pl agEusm®s/039147

the apertures being aligned with said thin

interconnecting element. 13. The printed circuit board

n said circuit board includes

?%%FH&%'§§E§&ﬁgnd said ground plane is disposed in
a flrst | ayer of said circuit board, said circuit
board further including a pair of conduct i ve si gha
traces leading fromsaid apertures to another area of
said circuit board, the signal traces being disposed
in a second | ayer of said circuit board adjacent said
circuit board first layer, said signal traces flanking
at least a portion of said thin interconnecting
elenent. 14. The printed circuit board of claim 13,
wherein said circuit board a conductive ground routing
area disposed in a third | ayer of said circuit board,
the third | ayer being disposed adjacent said circuit
board second | ayer and spaced apart fromsaid circuit
board first layer. 15. The printed circuit board of
claim 14, wherein said ground routing area extends
beneath said thin interconnecting el enent has at | east
one portion thereof which is wider than said thin
i nterconnecting portion. 16. The printed circuit board
of claim 14, wherein said ground routing area extends
beneath said thin interconnecting el enent has a first
stub portion which is wider than said thin
i nterconnecting portion, and a second web portion
whi ch has a width equal to that of saidinterconnecting
el ement .



