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arrangenments that are used on printed circuit boards
for high-speed electrical transm ssion applications.
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near other electronic devices that emit their own electnc ﬁeld These devices have the

potential to create electromagnetic interference in the transmission lines formed by the signal
cables. However, the twisted pair construction of the cables minimizes or diminishes any
induced electrical fields by maintaining the two wires in a desired orientation so that they will
capacitively couple to each other and to an associated grounding shield or drain wire, and this
construction thereby substantially prevents 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



In order to maintain electrical performance integrity

fromsuch a transm ssion line to the circuitry of an
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obtain a substantially constant inpedance throughout

the transmssion line, fromcircuit to circuit and to
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circuit board. The present invention is directed to
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nonconductive layer is applied over this second conductive layer and the process is repeated
until a multi-layer circuit board is formed. The different conductive layers are typically
connected together by what are known in the art as “vias”. A viais a hole that is drilled

through the circuit board and the inner surface of which is plated. This plating interconnects
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that layer and etched into a pattern. Athird
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conductive layer and the process is repeated until a
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conductlve traces that make up a differential signal transmission line on the circuit board.

Another object of the present invention is to provide a printed circuit board structure
that may be used as either a “launch” or an “exit” area for mating with electronic
components, such as electrical connectors, in which the structures include a pair of

differential signal traces mated to through hole vias in the circuit board, and wherein the
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line on the circuit board. Another object of the
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least one change of direction in order to meet with the signal transmission line.

Still yet a further object of the present invention is to provide a circuit board having
the differential signal via trace exit pattern described above, and the circuit board including a
plurality of ground plane layers, each of the ground plane layers having an anti-pad, the

perimeter of which encompasses the collar and exit portions of the pair of differential signal
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fromthe pair of differential signal vias and which
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terminates at the signal transmission line. The exit portion includes an increased width

trace

portion, and in one embodiment, this increased width portion may begin at near the centerline
that runs from the center of one differential signal via to the other differential signal via. This

increased width portion extends and may traverse at least one bend in its path to the signal
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FIG. 5 is a plan view of yet another known circuit board arrangement with two vias

formed therein, similar to that shown in FIG. 4, and wherein the ends of the nonconductive
areas surrounding the vias are enlarged with respect to the remainder of the non-conductive
area, to give the open area a “dogbone” or “dumbbell” shape;

FIG. 6 is a perspective view of a circuit board illustrating a 5-die pattern of vias that

may be used for differential signal applications;



or between other layers of the circuit board; FIG 4
is a plan view of another known circuit board
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. . | I.
i G5 Y PRy A BB e i e
arrangénheds;, the ground plane having a grid or lattice-Ilike
confl uration, and havi ng an, open a¥ea Wi t

i 2 fopalansyew pb Sicsvda and goupd grang |a¥ff‘~%8£€}%ﬂ of FIG. 10,
further%fhgs%{m%e ﬁ?l’r of iifFerehifial ﬁ@%&ﬂ%@ﬁ&%ﬁ%b }Y’lfif Hh&W eQftin gheom a pair of

arran vias In ustratin

assocmwrkilffemnﬁhl sigmabimids;pl ane | ayers as part of the overall
circuit board constructi on W t }ﬁ’q& open area
{

&G0 kb isston landepdrirendtt adlightang strg@%paq,?%fferennal
signal %\1}? %Hfz?%ﬁlpgf Q5 g&& v'etl% X n% oP MabBhifs ”r&l"‘bfeaﬁfﬂ gt”tfrom the

roun anes ’sel ect i ve y connec

vias antlh@eeghguralﬁiffefbﬁsal gifgnﬁlhﬂnamsamgément FIG 1QAis a top
pl an view of the via and ground_pl ane arrangenent

I, 114y is 4 (ot Vipw|of §@Pra@tpw9611allaraﬁ0rth@fshaw feFKnt 11a|but where
the ex1§é<9ﬂ§1!1 h%s{ ?ﬁ%{?{ﬁi:gg%ttwh fid L&ﬁagﬂeiﬁcr%ééeh' Wl fBR Pair of

SocCl at ed
FIG. 12 is the same view as FIG. 11, but oriented 90 degrees and slightly more in

perspective and illustrating the depth of the vias and the signal trace breakouts connected to
the signal vias;

FIG. 13 is a perspective view of the arrangement of FIG. 11, taken from an end
thereof at a different angle, and illustrating how the circuit traces exit from their two
associated vias and illustrating the increased width portions of the conductive traces;

FIG. 13A is a top plan view of another conductive trace exit pattern constructed in

accordance with the principles of the present invention;



FIG 11 is a top plan view, taken at a slight angl e,
illustrating a pair of differential signal vias and a
w@ados/ogfs9tonducti ve traces exiting, or "l aunchpP@mUSmos/004468
"breaking out” fromthe vias and neeting a
di fferenti al signal transm ssion I ine; FIG 1llAis a
l.a |ewof astru rtothat S

R, 5 ptistfeios Aot T Bl Meb if SudlBine Bk b of
01rcu1tt%@§bﬂﬁﬁgtﬁe@éﬁ@ﬂd not an incr eased WI dth portion; FIG

12 is the same view as FIG 11, but oriented 90

E@rlées apledh GEW i angthndmwnrdlfferﬁefpd stgngkviaarangement, with a

. ust.r.ati.n he depth.of t.he as_and the
pair of et b ARG S ab At ghe D e S Ghan TE o IRkt pgar
FEG.A 618 b PRAGEIMR Wi ¥ Aothd? @mbbamiae BB theQfifférefiial %?nal trace
taken froman end thereof at a different angle,
exit patier; ety at i ng how the circuit traces exit fromtheir

RS A PR AT AERE iR SepPpd B PR RS 15 wie
agr ounaqefeféhe@?péh@wéhn%@édﬂ&rer aRNeieebhtgnt race exit pattern

constructed in accordance with the principles of the
present invention;FIG 14 is a plan view of a known

i.fferential signal vi rrangenent and a pair of
M&Q%MMMMM% FIG 15 is a plan
¥iEW Rfa g%gbte&ﬁre ViBRQWR 2 Bhdlf gﬁn‘é Rkdedlbly | @0VR wificR a printed circuit

arrange with a pair traces exiting therefrom
board, refetrefl 0o herein & o frgm’thbrbbardﬁéﬁi sgbimrd ké meccondarfieireiit padrd 102 by

board FI G 1 tlve i ew o anoth
way of BRI IAEEROTBIClers 1AS Tt PUMEHPTCAO3s R Kknp A dithgsgrty comnect
conduc%@eI #1%&5 180 hhide 1@112% @&uhﬁtl% frﬁ’&s Rb3 IaISX)bgéH d?lfa sttiﬂﬁce of the
erential signal trace exit patter FI G th
mothertaoagd ddihdo sieditar eirctspll Cdnkspesqais: thp cs@adayeirctih boardd@é These

tt d De t
circuits éﬁﬂofgrqqtgmcgltlﬂe@? tqelpét?%f@g%%%ﬁsbggﬁaré%%pg& ed to the circuit
board. Packpl ane assenbly 100 in whi ch a printed circuit
board, referred to herein as a "not herboard” 101 is
pebleemaycbeals&bmdﬁeoj the aseanmtily 0@ 0AFKR2A thynothygr elfbctoméc

or nore connectors 10 The connectors 103, as. are
assembly gy ness cablES Aieibut e im0l ap AIFGEeRg 1Bt ETopeSSia@ine. Other

t
s BRI 568 B8 LS008, 90 g
assemblydhddins podefbrmmishakes thedodanya pluraity bf bamindtivedPaced ispased on

circuits 104, 106 typically lead to electronic |
or withigilente At kyen of thesiropyt Borrd Aneamp e Hestch p anemisyan ine is

shown in FIG. 2 and is representative of the circuit board structure that is used in the

electronics industry today.

In FIG. 2, a circuit board 120 is shown having a plurality of vias 121 arranged in a
pattern for receiving corresponding conductive tails of an electronic component that is
mounted to the circuit board 120 and which is not shown. The vias 121 typically include a
hole 122 that extends through the entire thickness of the circuit board 120. The vias 121 are
plated along their interior surfaces 128, and the vias 121 typically include a small annular ring
of plating material 123 that can collect at the intersection of the hole and the surfaces of the

circuit board 120. A pair of conductive traces 124, 125 are shown extending away from the



Cabl es may be used to connect the assenbly 100 of FIG
1 to another electronic assenbly and these cables are

wh 050815935 or m of an el ectroni ¢ signal transm sSBCDOS2005/004468
line. Oher fornms of such transm ssion |ines maybe
incorporated in t he circuit boards 104, 106 of the

vias 12 g la{ﬁ 'Tﬁ d{ffeare %gat%?){} Iéa 10ps; & eX TRY of ﬂl%%racg§ 1 3P g 55 g\;ﬂl %ﬁo%eratively

S di'sposed on
define @Hﬁf&ﬁmh@l sifin ¢ Wansrﬁfssﬂ)ﬁ' €né S Thdt IbA86la cé‘dm&t@ r@lé&rdﬁfc
such a transnission line is showmn in FIG 2 and is
componasppeedikat i ve of the circuit board structure that is

ed | he el s _industry.toda
R8s 28 B 56t Y E5 bR 2bhseacrS 8RY cotlborr® o Tog Groni
board 128 b afdd188 seldNo ntBRbiRichvdrdis ERGHI Uﬂtﬁ@ bﬁﬁart@%eras‘a?d iARGtated
conductive tails of an el ectroni c conponent that
above, aoirettitpard is tiypicelly made upome deric3 @1 dayarsvi acﬁbqrglamsm or similar

compoi dRaletPf st PhEeL iR tihee Ried R AR PRt fhauctve
traces JRORE Surfl of ﬁ{lﬁayéraﬁnc;{%ér lﬁrlje@ ol EB&I%FBS@b%&nHE‘ Eﬂ)ﬂhed to the first

interior surfaces 128, and the vias 121 typically
layer, cirmait treiees aresfoaned anhsd e untllragmdfl-lpjmtcrrn@\t hedrdris formg@ $ith a
t he hol

s 2 S S R A R B P e

formed d NQed nBEBS cﬁ%ﬂlt bdaa add @xﬁﬁﬁl@lh@ ?Sérﬁﬂ@hﬂgla%iﬁﬁnd then
omthevias 121 and, in differential sign

the mnapspt'famtqf tiresyiag ave pbafted iteer¢hyaoesecting togbﬂ&r,val] of the layers that
eratively defi ne a differential signal
touchtl@ ]é‘ﬂ &sion line "ST' that |leads to a connector,
EIGC flﬁl@ir&efﬁi '&9{5}%0 a&hil, Wh8yer b¥fhe HaBit BbARY lbgjkhﬁrc@ntams avia
used not on unt connectors and conponents to
121. Théeiads platddtankiomlddékzrﬁ intetibr @a’engﬂ%&)oi[ﬂetﬂng material that surrounds

d .
the hols P34 it B 6y 4Y e e v (Bt 19 1 B 429 RAAAcq gerghion
betweeﬁ‘ thcée\ylb Egmﬁg 1 b?ﬁﬁ(ﬁ & oftfunfl rét*e}%ﬁéég%lﬁesccgﬁﬁbﬁvéjlﬁy&' 139 ltl?'c{t surrounds
ating layer plie one” of these

the via I1 ay eTms aap G B ppddbeditot@odios momndtu apdine shmmgand: it Hak®een
surface of the layer. Another é’r of fiberglass or
e

discoveredsthat th gegspdideneilayer H@deemeqt%l pflugnce g transpssian of
dlffereer'aiE Flfgﬁilgg%n‘??ﬁm? 8 {1’ @few.%ll[ﬂl m%PFVlag Hoa%:%r Gvﬁtﬁgﬁ'l's tstrE?é)cfillredthe

rcurts ext

gap G ﬂhﬁitf V4R HehfednaBé d1aQaﬁdtﬂli‘Eﬁechb of asf@shcd Mney @uﬁésetheofa to ahe
vias are formed by drilling holes into the circuit
capacitgiotargrdatig r@ﬁrsm@ n%n@ hehig sHeeidt especiplly Brogounrgd im sifuqtyres where

e R T 0 BB ol A Pl o v

signal 1R8] JRis fellbetioh tb]késlbﬁéﬁg?bﬁﬁoﬁ the 80drall ﬁﬁﬂsrﬁh@ﬁ@h ﬂme sttem
| ayer of the circuit board 120 that contains

FiG. 3A Hstrates is a pethematic amanernthedifSerentrlayess é?%rlil% and 129¢ of
the mrcuﬁ%oarlaglé and%fovxp tlhgtvia lry"fz‘be éxltgrldstthr% 74 6P quers 129a-c in

order to mate with surface trace 124a and inner layer traces 124b and 124c.

One manner of improving the performance of differential signal vias on a circuit
board is that which is illustrated in FIG. 4 and which described in U.S. Patent No. 6,607,402,
issued August 19, 2003 and assigned to Teradyne, Inc. In this patent, a circuit board 120 is

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

.



the hole 122. A gap G may be fornmed on the board | ayer

and this gaps provides separation between the via
w@b@bios§9128 and a ground reference plane condPCT/USE05/004468

| ayer 129 that surrounds the via 121. This gap Gis

provi ded to provide protection agai nst shorting and it

aitere 3 R SR e P20 g SMHEtRbce pine
129. A%JI{I&{ 30 dfthe Sh@RBy SHQM RaRPirea Vhidh dnkREIBOTHA pair of
vi as. However, mnth this structure, the gap G

dlfferemttvdzmgodouasss prenaedrio firen an epeamg. (ks wapwed frepcdrampeniog 130, is

th b t t .d th .
commdRy RiHado 5T et s i pate 10 d0begenl ST e e agi-ped
130 shédld %ﬁcﬁfé@é ﬂﬁé @0 VRN 1! MBIsQurdkiBrd MsickRAif diadviiiadk afesiated

W th gaps or openings that surround a single via it
with it.cBor axaopte, iegnad 121dfdtle attias napathiors in afultaple pluses adtess the gap

betwee]&n]éxg éﬁ?ﬁ :}r@];qdfggfe)ggqv %rr'gl%ll {{%ﬂép@rﬂp@%l j Lc.if'lggciiﬁ% Sé}"fe Ftends to
take eng%gg glf §fny! SoHa[ ﬁaﬂs%ﬁ%orﬁl?r%bthé‘ﬂﬁa}lggjblﬁd th M Gibg €24 1 The use of

129°and how the via hole 122 ‘extends through all
this smefl-siZeé viaaa]mrmdm Qmattempt tolatselytcouplatles wia sigmlviaadadl together

B R A E R TN R oL

r which is
dittroS R o e U b BRI 20 01 1P

PaGenillusmateS alﬁﬂHe}rék&iBwn |mh1ﬁccht1An gau smrcuigboaid)@ﬁs ,an awvhich an anti-

assi gned .to. Teradyne, [ atent rcuit
pad 13 hisqperorssd in ¥s SHEGHPOREN ﬂ’& bft\ésmthﬁ o9 Ve 8 an overall
“dogbo! 8’5 (ﬁfum%ﬂe'agpeégg&?cev AR ffskartleBrafild, b4l ﬂf’l' ik ?a_r%e in the
erenti S|gnal transmssion, and the circu
area ISBQaﬁdurﬂcRﬁ)g thephaiofisiaa 18t G it thef mmwsedqﬂmmbit b2@veeAin the area

rtion 13Q of _the underlying. ground pl ane a whi ch
136 begyren i 9 vitte ERIHBITFOPS BSTHE FEhterantus; %ﬁame@? fhe gtem energy

L e
proper padidrinapadl” Thid beuctdi@ Zepradeatstanettphpt tisbdlhake theenpacitanepatihe

130 shoul d enC|rcIe the two vias 121. This st

systemggd t¢lopsaly RO %Q@J‘é(ﬁﬁ%é%“&%@&%thﬁ& ‘@Hﬂwftlhkqepmgﬁg? atfinity of the
t as capacitors in
two Sl%i‘u‘la‘{mp (rethp? %g}ggﬂg%r%érotﬁgﬂglaggp bet ween the vias 121
and edge of the ground plane opening. This capacitor

effect tends to take energy out of any signa
AssymmefyiealiPetqrential; ia Rasitioning, e joi ned to the vias 121.

;E(T;él %ggléﬁ%ratets %8 h%f@kéulttsdvc\%r%g%()\ﬁl @\R}Jﬂgg ﬁ%gffh%d ap Eﬁlea%t“S

die” vigp&edi fdiﬁ;leﬂ Yheréikﬂ Thﬁq)aﬁé@ihﬂuﬁes t@d pare o$ dfffe@ckmﬁl ﬁgnal vias
ground pad or plane inhibits true strong differential

202, Z(Hmp@mongd peoprRasie sides elbsiagle ﬂlépléfﬁtlmmgr@}r@ﬁaqt 2Q3. aBachzych pair
of dlffeéenr?al s51g1|124b Iggassérrlgt <§% t@/n %tl he Et ‘HQSOMa %a}.gﬁ nZd4% The two vias

an ah
of eachAAEh @ifREential pdis a&@i&@illy%l’ghé@tﬂ gdtBér ab@ﬁg\@ ikt hﬁ@ IiM@hown
vias 121 to adopt an overal |
extending from lower left to upper right in FIG. 7). This pattern is repeated along a direction

that is transverse to the first axis L1. The differential signal vias 202a-b, 204a-b typically
have conductive traces leading from them to another destination on the circuit board 200,

while the ground via 205 is typically connected to a ground plane layer disposed within the
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"dogbone" or "dunbell" appearance. Wth this
appearance, the anti-pad 131 is large in the area 135
W@ r0s08r5gs ng the pair of vias 121, but it thenPCHUSING004468
down a bit between in the area 136 between the two
vias. This narrowmng results in a recapture of sone of

. .the t em ener th is.normally | i operation,
cireuitipirc 38 P R oihers e Rt o LS pad
AR dTVaNRiteRE O pAROSEd i fiEithBalSidndE{ids 8adheRERIBNEifgle
an attenpt to bal ance the capacitance of the system

groundavid in thelcoutsedfithe pattire. Ithes besn disqgreted\byass thas dlds healie pattern

whi | till .k [ th ffinit f .th ' |
RS b Ao R B8 T
groupif:lgt)P bRIG1itRé di\f@ege(r)lggﬁbih p@Ré D62, POPan®tliel debiet ERAS v bR@érably

rcuit board aveé what is referred to herein as a

triangul & indtbefigurationprith therthieo vinsbeingdpesited at The werfiegstofimaginary
. i ncl ude Wo_ pai [s,. of dif ntial signal vias 202,
tﬂanglgwpfzf‘é?ﬁf#'@h@&%ﬁ%&ﬁ&&%é@?des of a single
e HME R DIH G LY cf'i‘rcag,%oa@a}@b Wittt vRahyou® fonstructed in

ifferenti signal vias includes two distinct vias
accord2fawitl? 02Ipriavigle? 04 the okt inVhmidnio whidsthefspaadothe mias is
differential pair_ are typically aljgned together. along.
staggegedssortgt 0% paT bf dl(%f%\%ﬁlt @ . mﬁSﬁeAf 8 lpcfisfictoseLio thelp assOciated
I : (Tp P
oround 0803 80 bty (L1 09FLRRuL) VERSAL Pk oD
“BB” dihdiffdichfisstnhi vihs. ShMghlle viaad30 2 o2dotmedin4he tirduyyboasl 300 and an
_have conductive traces leading fromthemto another. .
associgfed groyad Viers 08 is pieaider g asspcigbon withand pgierpklyalaned Bith a pair

or it SR B RSEHEH & 5P OB A s
along $ffsh agie I1he f@af a paid oNdiffesential dighdf bias, éhd théadsbeisted gagind via
of via pattern, two pairs of differential signal vias

302 is spackhd spait Bomike Bisharis, it depstedbietveon thyevewignal viagfwhepaiewed

. .pat.tern. It een_di,scovered by us that this 5-die

madl%lgﬁ?%frﬁnsgf:ré%{@@e?Irsg%}sgﬁz and it is difficult to very
fiveakr oollssBlictuas ARRERRGEa I roSHE il §¥ 6l RBAuse it sgacing
groupi ng of one of the differential via pairs 202, 204

W1 beswmeent dne differemial gigoainda paia Aids ast ibf assediatyd grauad gid 2 i fess than

e s R T S5 s BB RS S5 e
of diffdeh&hllsidA&Bvids 308, gh@iﬁs ChanfibCthelorleDaft of QiFfeRb Al yiigﬁéizy rY@efs BA is

circuit board 300 wmth a via layout constructe
biasedan éis cogriing towarh its laesopiatedcgrpluas3 @ andheot poveard either the other,

. inyentiogn in which the spacin f.t vias.is, .
adjace difjgrsntie] sigpal Ha paisi Pt &O%vaff’eibékﬁswcwdgwgh et as
differeéﬁ@"sé%rﬁl Lﬁ%ﬁﬁ%-d oser to their associated ground via

own

I'n approximtely the center of the pattern)

tHa@s. 3v1® Hluseao atothed embdddnetfofdhd presedininvehtiai nallich one or

vias. Multiple vias 301 are fornmed in _the circuit
more geypd referoneaiianes of the circuit board are provided with a specially configured

anti-pad that encompasses the two differential signal vias that make up a differential signal
via pair. The dimensional relationship of these arrangements is first shown in FIG. 8, where
reference number 400 indicates the circuit board, which includes a plurality of signal vias
401, two of which are combined to form a pair 402 of differential signal vias. A large ground

plane 405 is present either on the surface of the circuit board or on an interior layer thereof.
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associ ated ground via 302 is provided in association
with and preferably aligned with a pair of
waledosmsspt i al signal vias 303. The two differ ePCT/E52005/004468
signal vias 303 are preferably aligned along a first
axis LI to forma pair of differential signal vias,

Thegrof,rﬂg # é??ﬁom atred %I' nzﬂ&fo (gg)éhsa{)% acedbeag%g%a f:f(?%‘ the -

anti-par%’ h BpisWaRGalty 1%6’&%91 18 f’ﬁ sH }%ee Gh{iAR diheRONE B ak BRown. Tt is
irst axis LI refer 10 this structure as a

preferredrihﬂfthrr openireg h@e auorsPectiatiol AR ofifrotneabaus b2 td &.55 phishrig obtained
bet ween one differential signal via pair AA and its
byﬂw¢3§§6¥1§ﬁE&1§*ound via 302 is less than the spacing W

a f o %ﬁd 1i)hi%é: 205 sﬁyr&{n%fr%ge g?ir 3|b? P?hlfféréi‘itlﬁlaél @Ma@ 291 may be

acent palr erential sfgnal vias
alarge §1%nd bhnné hais Slhmmatedr ,In tiiemanserpéhie dikelihadid fthat tlendiititential signal

| AA d
o oS Bl B A o
401 are\a/slg%r?@%%eﬂté {116 ﬁ}ﬂg g?(h&ﬁﬁhan\é(}@e? abs oBfRe %frcﬁlhﬁo 1980 %d

assocCl a erential si gnal Vi a

have a fephitatiBBspdcligicerfierlid-dehtedsthatal tesatinhleiherdBrboH] thentutarf
) t gresent invention in which one or nore groun
dimensjoas ef theOpepngrrsentifpad B Oc i tig mamtae Pt B léééfectwely

decoup¥3‘ﬁ éﬁ)tn?th% éﬁff#t%h iaf gglfgfél o adco?fmlen ? E(ﬂ%&lng E‘s‘:ﬁm}ﬁ?zceﬁ,swhﬂe

erenti VI as

differerfliaf f@H€ Béuipling HeGneh thd vondiferentibiesighareins isCiﬁérleased
rel ati onship of these arrangenents is first shown i

Ehegrand piase 405 srmpunding tha phis 02 0b diffsmmnéiat vgnal yias 401 may be
a large groggclil RB‘T Oat‘r’sl rlﬁlﬂs edC rfn Hﬁg mlégr?érh_@re @ﬂkgﬁl?clodttﬂat%e §1Tﬁ%|t12105£gna1

are co rma pail

pair wilbe g}blﬁtﬁﬁb@ﬂ&lh@le sﬁigll@aﬂldeuls@glals/is keaig&d. dr Mﬁfeﬂ&hﬁzﬂ&l gabvias
is present either on the surface of the circuit board

401 aregeervie penctrate i top mesg} eroundalanstlasen d0g pbibs ¢irpriaheard 490 and

have a %eé)glﬁl?lPlh a}ﬁ%@ga(gctentergta eHéleO} tE} ni?ﬁ ﬂ'raél etit}elerzlg §¥ ?IS teBh t«-ge

dimens{dR§ bﬁﬂﬂlgtp@ﬁmg NorsRaRAd 418V I hiFnaBs) e §nt3p§cﬂ4’l Orisasfectively
shown i S preferred that the opening have an aspect

decoupledtfiam R differentighsignelpairare! commosmods ceupl lrng lmramead while

aitteren i Fopi SRR B SR RS SRased s

HuLitRYDE A vl AR SITRIREL BloBR@via8903,140438 deHiRE as hipreferential
this manner, the |likelihood that the differenti al

ground,smgmm{xg fhai it issladedistosepto the diffegential Palpﬁ@ themiecothercad is
d d. T i ff
et it SOt ik P e o

commofFrodd cohf(?ﬂng%f‘ the! Iur BPaidr4P81 apshl RaNEs AiSLPAEALH Ndefined for
spaci ng enter-to-center) that is less than either B
subsequnt td,mngm” tbmhnpeddmvmfﬁhc)mtem iehelopgétsientgnt troughtthe pisenit
board. T%re ground pTane 4 qsn gornnectgg toab dl g? a{l%dd{/:lla% olnsihe Io]})ea%tdlbo?tlo% surfaces
of the circuit board as illustrated in FIG. 9, if ground planes are used in that fashion and as
illustrated in FIG. 10, it is preferred that the inner ground plane layers are selectively
connected to the ground vias. In FIG. 9, it will be noted that the ground plane 405 takes the
form more of a grid or lattice like structure, rather than a large solid ground plane layer. Such

a grid or lattice is indicated for use for areas of circuit boards that have a high density of pairs
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decoupl ed fromthe differential signal pair and common
node coupling is mnimzed, while differential node

W@ ol rsgs bet ween the two differential signhal RCEES1085/004468
i ncreased. The ground pl ane 405 surrounding the pair
402 of differential signal vias 401 nmaybe a | arge

. round pl.ane, as illustrated. In this manner, the
Ofdlffq%?rﬁ’é‘ﬁlﬁg@d’”lshat the differential signal pair wll be

El.ﬁ IR, 1 mEinﬁl-ﬂ)lE 'IEBJe? o? 'p%'e iR D ali 19 Bldven, iviith @6 v&Btlor other
e differential signal vias 401 are seen to penetrate
insulativhendterpal manta\redgfomlmmityp ITalun erduaylelane 3034, 40Hle argidispeped on

SR AR B ACORTALED SR pegeto oo
groundt\hgs mt&%@' e 'uﬁﬂf‘ gﬁfunﬁ li‘@fe&ﬁ@@blﬁﬂe 1a ?érs a05¢ &AB d4here is no

his manner, the anti-pad 410 is effectively
connectien baqmteem tlfagmmﬁdndalmhsfahé eahdricdithestivgridhs 423, A04nd reorfsignal

node couplin iffe tial nod
taces Piage SirgPben s foribe bt Bl frsi Sl Gl e ol plane
layers 465% £89088f, R 1o rh&e 1R a YeForhhcd thrbiigh th¥eir8liobed 400
403, 404 1s defined as a preferential ground,
and its maah bﬁlgtyez’sahe two geoupt abads thaoBark the sighd tdicks €} are icahnected to

pair. 40 han the other and is therefore designated as
the grogn(é,maﬁﬂg ‘ﬁﬁound reference. Wth this assynettrical
" YAt onBRETRA SRR &RUPY MG befyvdeliendihkdo ks 401-
tra S|gna vias Ts mnimzed and is defined
403 is ﬂmwmbﬁs’smcﬁl@nlOAu ﬁI(Hgl(mt 1stahep papedan ofthefvid el gymucbplane

along its e ent rough the cir oard
structugg; i FIG é@:aﬂestr@@sgf pfon theden wréﬁs G it Bd (with

o e TR Y A Bl e DS i
traces tolaé diffesdntiahsigmd viaspairl. | Tis4 aled ﬂlilstrateﬂfﬁpafiﬂwhmh thessignal traces
preferred that the inner ground plane |ayers are
420 tal@‘-‘eméléan rputa out i fE e the <¥q Herepiidd sigpalyias. 1n FIG 9,
it will be noted that the ground plane 405 takes the
formnore of a grid or lattice |like structure, rather

Signalmaeegrézﬁ{ogeﬁ‘s@hiwaground pl ane | ayer. Such a grid or
[attice is indicated for use for areas of circujt

Bbigradpe depinable &,@ngohthg Amgedaere 9t Be tgaspisgpn lines in the area in
which | ftIa%Ese&tlf 1%+msﬂllégﬁ§é aﬁ/d @o%t18h@mgir%an;1ﬂlgs%%nw }%ci]rﬂihﬁ circuit board.

I Fcui t boar Wi
Probleﬂh@ smsb ﬁrthéy‘eféﬁft atdas.uPatviotelyiaivas kedwi erameaht tomaintain the
clarity. The ground pl anes 405a, 405b are disposed_on
spacing phibeicarducipe Haes et incHnseH et agangements Eeund d qeniss ipg running
onnect ed r
beMeegQﬁ%ﬂj%Fei[ n%fl Ségnaﬁ] Rlearpa?r Tiis g%h&g o 126 19 Qfﬂ&l‘é t%b%asmth of

f ound rence pl ane

a pair o¥ diffadntidl RBIG] Viss 410 spaveAapirt ﬁﬁmt&bh\laﬂiér bye dgt@ead. A pair of
pl anes and either of the two vias 403, 404. A pair_ of

conductiivg trabest Y03 ces carmectad &0 thoias 0% 102nmpdfexiiheralom. Their exit path

o e oy B 0 YR I e
that sePRAEOTHERAG KidsH02 ¥ah1 iR Rrattd 8 5dpalRd By 48Riform spacing DD. These

exit portions 503 have a short length and do not intersect each other in their extent, but they

join corresponding elongated portions 505 that extend parallel to each other on opposite sides
of the centerline C. The two vias 501, 502 and their associated traces 503 define a signal

transmission line of the circuit board 500 supporting them. With a single pair of differential
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and its stack of layers, the two ground planes that

flank the signal traces 420 are connected to the
wQ@e@asnslisys as 403, 404. The exit paths that thePCT/US2005/004468

conductive signal traces 420 take between the three

vias 401- 403 is shown best in FIG 10A FIG 10Ais a

signal il RrfRasd e, d<cnsti ol e SRe BF R M rBhtteg b Rl
symmertal /F@aOfnyt Vifiafick Gt eQﬁ%féike(pNtd b &H&:Slub@ﬁhﬁrrﬁh{ gy ur e
renoved for clarity) and illustrating the connection

maintaiping the geemeiry mdg&yannettryatféhe cipeuitieacd) the émpevaned cai l@rﬁ@ntrolled
air ﬁtesth at h. whi ch .t

intis o HPvearc 4 oM go TPl Befthts GBSO ppymmetrical

pa’c’cern‘c ésBE@ﬁlBemddréafs%&’%[ét d1&h1t%b%é\lfhéfé fere §'a§f@{ detisRe,%r close ely spaced
Br eakout From Vi as is al so desirable to control

pairs of diffectatiglesigifal vihe transm ssion lines in the area in

h the.t t t
S B A o B ST
signal \hQS 4B @ﬁt@g@r&l Lo BEHS trabéyé MRdrot Bf 8l IERaWoriAe not
tenpt tTo maintain the spacing of t e conducti ve

symmetrrcmbm their pairterm symmt r Secll a moblmgziamn’asgeatmemm ied 1 lastoadedt i FIG.
ne runni en t i fferenti al a

15 wherg 4 Gl Waaas0q 15 hyeelenas Bypiagan iy 0f BeS S 505 d8kedn

pairs 1nchorhrf%E %vf cﬁ‘"tﬁé‘%lh@kms 2 %mya éﬁfe%xﬁaﬁﬂ%&g gaﬁl RAd twd rom

each I'stance D. A palr of ctive
conductmatraa&s 503 f'éﬁﬁearc stovackeaeding Gronhhe wicago 56inabitdhsansgioadirte 507.

The on g 04 g DR EXEbPicBd Osuiile ferier ransld bivlpaess Sht
portlon%qqttg bbddifit fort acéigg BERES tﬁe'}@/ot% 5@1a§025 % T%da'l the

traces are separ by "a uni form spacf ng ese
transmissiot lipe 507 posiob 08 tieawaeesestmistbetveseg tthe mm afiofas. In order to

i.nt ersect each her n their exten] but .they jQin
ensure tha ﬁ“@éﬁ’@ﬁ%ﬂm BHESi Q&N rflﬁ&%ﬁﬂé&ﬁ%%d value, it
I t [ t
becomeggl:??éesrs?ﬂly r)ﬁge Q%ﬁﬁ’l%g g%tl\%@[ﬂ\l/ ?f;tsh%g%%%gsgigﬁ e f)o foantW to take into

accountths diffatedt it tleclengtbOdhdieiglesef ahesnu@rmt ;tolrmmrﬁlﬁsjs Dinof the
line of the circuit board 500 supporti ng them W¢th a
traces. dihigis dopaby lrﬁﬁmagfafcern@ﬁ@sagng pgHign \J2aghowmas fh%‘aéldoon which

1ncreas%§gl"l’1§ g p%alsl g%%?&f tllle Ce. ({Efw{tﬁ&ﬂtuﬁd Br ujié?@asi hé { "{’éi‘glsleﬁgtﬂ

rca any va |ances e exi

Howevar, ¢héu@plof bechancoalisenbating paitivnniiD taks um\ralhiaaiel’ﬁpage dihéhe circuit
eonetry and symmetry of the circuit trace,

board Whigh-efhvese eqvli be visdtiporddiépnah cirepiisy a%fzhwremﬁé% polufien to
controlin?g Hl%ﬁmﬁmd\@éé 09{1’3%%{?{ @oa}@s@%ﬂ&n&’rﬁfsm%ﬁ H0E Ts &Jd%%ﬁ}‘%tbﬁz

I Ca ern, I N areas

TGSl It-maarm vhesiatd dmr@abo@nﬁezttlogh cdems bdatd 600 having a circuit
cl osely spaced pairs of differential signal vias.
trace pmeabﬁ%ﬁﬁlamowldﬁ? d@eramémpﬁci?@cg shafactenishies of & signal|tengmisgion

line 616 LA R nr1 aOJalrcht)f S G 1a1 signal vias 608a, 608b. With this
arrangement, it has been discovered by us that it is possible to “tune” the performance of the
transmission system from the vias 608a, 608b all the way their associated signal transmission
line 612, which as shown, is formed from two conductive traces 613a, 613b. The circuit trace
pattern shown in these Figures is one that is typically found on an inner layer of the circuit

board 600 and the two traces 613a, 613b mate with the differential signal vias 608a, 608b

-14-



signal vias are staggered so that the traces are
ei ther not of equal length, or are not symetrical in

WO b@snsysaitern as a pair. Such a problematic PCT/US2005/004468
arrangement is illustrated in FIG 15 where a circuit
board 500 is iIIustrated as having an array of vias

rr an j irs,in two |i
along tjyrjilagd poRkRSRRES b4 Gt Bk heiPe b ofHAP inite g bave
found tERRGY ?bés\(lﬁe [ aaﬁal B@2nergl6f ﬁfé%?rﬁ&ﬁ\%{@ the@shed Brehk aWay BE“out”
vias to a signal transm'ssion line 507. The one trace
from ths dtfdrergiah slgndr\nm xThespginichues $IC; towpiufeetdngy totthe system In this
5 has a | nger exi t ort 11 tg,accoun
mannery {18 T8 yARR R ok RV SR s Rk e gi ot REEORT hrfd point
that 155&@9&19%@&1{1&%;&7 portion of the traces extends
between the two rows of vias. In order to ensure that
Asetaterpasancelagge doneergiagombf meeg}sqncg@ apthe pameofwlaSI 609, and in

onder QEE R AP RECERE MAd iog s BAC RAC PRIVERY e BaPLiags o

areas, éﬂ Bi%hta?éﬁ%meﬁttg (GRS wher aﬁhhﬁfa? &am%gmhfbnts l5e2 | ?HSEI'ilﬁrged
angl es of the two exit” portions 51
width pbrtmﬁZO'ﬁi‘a Surther joored tdnyhewmespllatmgngZawoibwﬂanwtdesrglbe as “flag”

B et o b LT RS AL B AR R 5 e
more rﬂe&& hﬁ@ééﬂ@g td 1h€ra & ME @%pratcﬁ%}%E B tﬂé%?favl?eﬁwe&f‘tﬁe YR8 vﬁlfere the

a conpensating p 512 takes up val uab
electncslprﬁﬁgyan 8 cofentrated UThe Hegpattinhs 628 givhegobd 0 degrbd cdmerhne exit
for additional circuitry and therefore this

tothebggm{ng&fth%e@bpﬂqlgmq ing the inpedance of a circuit

B

arranged @dung 608t hdy Lig Tae dowapialr of Vg én firtRigure aﬁ@zipdlhaf differential
provi des desirabl e i npedance characterjstics, of

signal dasgripl the eansiurias sacciext @oBipns PR areafieplargedaridin 75511 gxtend first
along thaQ %ré% xﬁltg{vglrdec{yc% % he: 'agﬂ ﬂl Vi 8% a ég @Btv%ﬁ? ﬁﬁ)\lx {htﬂt ﬁﬂ't axis

een I Scover

along a@@&ﬁidbixﬂs H&lgﬁdﬂé&ﬁAXQhﬁ FR@r1f19 Wﬂi&ilhq&e@fabl)h@(téﬂcﬁ ﬂ&ﬁk\%s}edﬂ first
sy stem from the vias 608a, 608b all the way thei

axis Llaa@sli@stat@d Elegﬁhﬁn tupmaleng &pdioaf banda 684,681 atéﬁva@ radius so that

f ond cti.ve trace
one o L s, T, RSP B U RE B o, i
generallﬁpéi’ﬂfel ks L3 and REEH & )geﬁé?élﬁdtrﬁﬁvé}ﬁe tones AXay eh t}ﬁ§ manner, a
he circuit board 600 and the two traces 613a, 613b

constantmpe&:m/g ER ndyebaiititiineditivatn thi gwa travésafeors tigoaresESbethara dhe flag
r pI ted bod ons, 604. (FI 12.) In usi.n X “
portiont 874 £x{Bal 65t 1oHENE SHOBAIELHH (A SETS A Gt PREToDF Joif re signal
S T e S
$~‘i[@n]allA W @atep plhesewsif thﬁodxurpe)stumsrof @ pair of étacesn Ietles gy

the system In this panner, $ i.nvention ca

embodlmeaa.ﬂa%wép Gdfitonibugn VB A WirouPdackiNen fogions: F*é(gf‘e‘_’l’ﬁﬁinng 690
similar 16 B8 SR AFTEN3! AlsSndRiShaPhd e PEIWE 8iluduAfed\th MhiP 8hbodiment,

the exit portions 723 of the traces take the form of flag-type structures, which are plate-type

areas in lieu of thin traces leading away from the vias. These plate areas increase the
capacitive coupling between the traces at the via area and also lower the inductance. The flag

portions also approach each other (extend along a first axis) to maintain the desired separation

-15-



As stated above, a |arge concentration of energy
occurs at the pair of vias 609, and in order to
WO e@aps1spe this energy, the via exit portions BPRDURENE004468
enl arged width portions, or areas, 621 which are
joined to the vias by way of annular collar portions

) 622, The, enl arged w dt ortions 620.are further . .

distangeSiehussans PHE I hefieit g o T e RarecateBE pribeorigns

extend ot #8m tAOFIhE ?&%ﬁ@ flong 186@nfi l2RE VAAER @& BLBe firaAfis! T can be
part, the enlarged width portions 621 present nore

seen thaketha trapgsefo Bowtleme iffarent peths.cimstadongibg akisdnl dhénsetdrally along

e AT 5T IS4 G RSP e
A R e e shown best in FIG 11 the two paire of

VH16s 181A spospclamvietveofanother émimsimentGfihams eaticrashgeihg the exit
s o] b B eSS 3 ok
oo §ORTEEE D8058 ) BT AN 02 Ry porions

with erta@bd plabeedreasahat dxiteffomtheanasaoghrl cch oilted bionpramxisiat One of
first axis along a second axis, designated AX2 in FIG
the traces 55Qmlieingide pEfmgitler dsaceitfb asibersveshask vgon itpalf toghe signal
i || I
an g i S5 T A e BBl AR 800k B, BROGR

portiorsifiShér tgivelee @ bathhBatdiab epprbXiateclP g divectants fiuig vattoe@h bend
athird axis AX3, that is generall ﬁeﬁaral lel to axis

of the struchel ofliiG H 3As bejiog édeatifigd by thedines BeBrand ga¢hsbemstzeprpsenting an
this.manner, a_constant, spacing. EE may be obtai ned

occurtgde JBER 14 iop REMEP RIS SRR AR ea XX wher e the flag

RO btduRd $efBrAcE PN FOPIIshb Wi trigRfRe it thotrid@xalpafern. In
where the exit portions join the signal transm ssion

this laygr efithg Tirctihbearilsthe vefprenea planeciit andiibegnd thepniwlgr esflar pertions

di ff i al_sj | o FlG 1AL t I
91 aff oyl Thnre SPes bopBRERA Ry gy e P R BRI gt e
could £EPOALEREY in 4 R9ert BMResth kfatfRBEkRpadddNGhed A8 tvdd Bround vias 593
surrounded by a dogbone-style opening 690 simlar to

that are imégrearineotnd tonthElg@ung, plans 398nnd dmydralpeoted atedpesof the opening

illustrated in this enbodi nent, the.exit .pgocrtiopn
594 foigped oh{ ptad Pt % Rrorgesmvo e pagt ot Saianel e ST Oneof
the grotBdl G1s 398 RIS Frita¥Beer8hiRBAa it Id RboPited With thé BGLST differential

| eadi ng away from the vias. These plate areas increase

signal viae 5§hpad it otbercgyonpid vig 593t inmen thaés assewated atithtthepaii af

. rea. and .al so | r .the inductance fl orti .
diffreSlial SeRa B Rt 8 FdER e PebPRN TaF ng 4 THPRL EfErental
signal $i8s 584 B3 DiddGo PRI MBH 1SBBAIA-ORH wh 805£ vRRLWEARALNRY

traces in their exit fromthe vias, and subsequently,
therefrotnen disthtice i} whivh iestiozted tiomtthé distantd¥2 thegajyas spaoetrom the

al.ong..a second, axis which intersects the first axis.
ground, ia o93p. pEccBHaF RellarpqEiqns 508 o fhgee GrpU i IEﬁVFgé?“e‘ﬁFm"ed as

shown BRHSri g}(tihraﬁ{of %é)@'guﬁchﬁagfﬁi HG-13A%8 ?Haﬁm(}f el Qlong a
circular path of 360 degrees. Rather, it is preferred that these type of annular collar portions
have a curved extent of about 150 to 200 degrees, with about 180 degrees being preferred.
This is done to reduce capacitive coupling between the signal traces exit portions and the

" non-associated ground via 593b.
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the axis AX2 and then lastly along the axis AX3. Axes

LI and AX2 intersect, as do axes AX2 and AX3. FIG 13A
WO 2008/0813p5 pl an vi ew of anot her enbodi nent of tPET/US2005/004468

i nvention showing the exit path of a pair of

conductive traces 550 froma pair of vias 551 until

t n.to n ans SS|on 52. The .
I8 16 st Beciydl e o AR 2k e BERRE pad{ eqppoted in

accord@idetwiftotht ipBIRSipWs bl tlﬁrﬂré‘sreﬁﬁﬁiv&itﬁﬁle A (88 errid}pdinetk 't\Rro fscﬁrﬂl‘l‘ibtlve
the vias toward each other along an axis L e

traces 438, 4$30cexit 5B 4 paired absesiathd i4s 401492 hERe @m‘amlamf these

taces 104 3SR RE Snt BB ey e BB i SRR siueq wihin
the othbﬁt(i’ao%)fieﬁd pbrtioh3§0 &1 his iR 08 47T Hial B8 cohdidered %&dﬁ%tﬂack
t hat has ag?rOX|nately five distinct bends init, wt

upon iteel€ as ib émdallyf extensls g‘xqrmtheumze%ﬂf toRiacd ity Gthepriired via 402 and then

o L RS RSP B BB O RLEEBT A8 v

extend§li blﬁt%'&h Qb vid401 R#'ﬂi@ oﬁ'ﬁ‘ ?51%@\%21 ROANELSBAC tﬁer? aﬁﬁfﬁues with a
superi nposed above the trace exit pattern. this

curvedlpaytem thét is baced closé to tho exitiporties 47 ﬂmmwéerphzanla thi9 Gnanner,

both i3yttt SERe S 4E0Fgr Breititned & el er SHistavbimaace

@mt 16844 @fo? Pl el REFIG 01, dn@itS RudRitdsOmat Bdnrder sﬁhﬂar to FIG.

l'ayer beneath the trace exi't pattern. There are
13A, agra)mddefvrease plage supmtingoeed either elrveec beakatiothe hfacge)ﬂtjp’ajtem In

. ne. 590 and they ar.e | ocat edges.of th peni ng
this groyggd TeigrenEePiaRe, tﬂ%XSéP%% gfﬂ“é‘aé”al ﬁéPa%ﬁ&B}%ﬁ%@gﬁgp%#
f I e
it Y AR R Bk 82 g T 38 AN et e

exit portiond 78 Herstpeaitendafut fofif s wattDhtovedrd tied othiérada 862 of the dlat Ihﬂ in
round vi.a s. gne .t hat associ ated w

ot her.. [

order tq pelatlisf e eparaivn daiopes I Shegriappahask upgmitssl Stghg4 fhspoint

A.

where i iy Bk AR inSROPAY f oblciyiz o S cTiRel RPgGh disonce |
their associated ground via 593a, being spaced away
therefroma distance W, which is shorted than the
di stance W2 the pair is spaced fromthe ground via
593b. The annul ar collar portions 595 of these ground
vi as have been renoved as shown on the right half of
the ground vias in FIG 13A so that they do not extend
along a circular path of 360 degrees. Rather, it is
preferred that these type of annular collar portions
have a curved extent of about 150 to 200 degrees, with
about 180 degrees being preferred. This is done to
reduce capacitive coupling between the signal traces
exit portions and the non-associ ated ground vi a
593b. FIG 16 illustrates another style of circuit
trace exit or breakout pattern constructed in
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accordance with the principles of the present
invention, hi this arrangenent, two conductive traces
wdassdb exit froma pair of associated vi aBCH0$2005/004468
402. The exit portions of these traces 450a, 450b
i nclude one trace portion 471 with a tight bend radius
CLAItggt i.s nested within the other trace bend portion
0. This inner trace 471 may be consi dered as bendi ng
back upon itself as it initially extends fromthe via
401 toward its other paired via 402 and then turns
1. Wpdrruittteetd havitigea sorgrolled crapedaper via dfyouhtle Gy extendimg through

.be. found i.n the initial paortion that. extend t
et Goizomd bringleiad Insfeatiin Forraaing vty fssminlseet @ connector
trﬁcﬁﬁ?ed%@?éld%ﬁ@ﬁi‘t%&& H&rﬁﬂhsﬁ’h cur ved portion that is

spaced close to the exit portion 471 of the outer via.
I n t hiagepeating pattdpn bfi cdriaciiveodas) despatifrt doenprisng at deestirst and
is intained as wel| as sipilar path, | ths. FIG. .
BT 4o o SORTEHVG viaw (96l pf e Virgtadnipeltdi i brit oliferential
| . r . , - o .
S e o e e P opd i fon LR R iR B
dififdrerpl signal, cohdudtivie viggrbeingdpaeiiapen Genptah ethdr fea first
associated ground via_is spaced closer . tot he pair Qqf
dirfe$t&név$€isau% gl groupfl genduqhye via of faid iiriad g@egépwg apart
AR Hironfdl Spb ST S SORMRYPEShe BRI Biicion hayis
diterait e vdid fi44 direétidn) eheviirat dainiad beirgy diggostdon said circuit
establish the separation distance. It then | ,ogps back
bpw adiasentito ghe seeondyyia friashugh thik said seaondyia trigd jpgipeiatrd ground
i Ler A [ . ' "
P Rl R S s BB BN BRAL Fhd Bt via triad
@fsuint 9lid Iedng spaeehtiosertd s HEfpeitial $ibeal paashaaxtb enidi sagond via
thr o&g{h the circuit board and being plated therew thin
fiad drierenialgigndl PeFni nal s of a connector nmounted to
said circuit board, conprising; a repeating pattern of
conductive vias, the pattern conprising at |east first
2. and cEeaobshrd bf aldin 0f ficecichiditg afisscondactyveaticidige plane

triads including a pair of differential signal i i

cpacad epart Bow aasirfasel obsald pigrust bpardi e Hiskrefaenaslang ipgluding at
ircuit boar id differential. sj '

e ot B b PN b TRl SRRt one on

dbh®etivObpaanth Sehgl alsred vathatifigt gigReEERI ignal ivir ®ifir such said

said via triad belng.sFaqed apart from said .

dirstidififesentiad sigaplgviapaip af saidfirst gitduied pipengpmpassed within a

second direction that. is different, fromsai ir

GEAREEr St REhaPPordiRlivt S fibie A BBl gl Hahey

ebitastig saRPdsSo st @ RNt tbvilis ol Eirst @@ Bébod Rialtfih@d such

that said second via triad associated ground via lies

between said first and second differential signal via

3. %Ie rclsirbui% Qoearcfl Iojf" g‘ltairﬁ/ i2:fjl’futrﬁ1ieffjl i%cluding a second non-conductive opening
aligned with said second differential signal via pair such said second differential
signal via pair of said second via triad are encompassed within a perimeter of said
second non-conductive opening and said second reference plane further contacting the

associated ground vias of said second via triad and another via triad.
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10.

11.

ground via being spaced closer to its differentia
signal pair than to said second via triad differenti al

wee@sasispair. 2. The circuit board of clai m 1, PETIUS1005/004468

including a first conductive reference plane spaced
apart froma surface of said circuit board, the first

ELSRTB PRI e Bl TSR0, RS STEH Ao

nAEgRAL6A! ve opening being aligned with said first
differential signal via pair such said first
differential signal via pair of said first via triad

e enc a within a.perineter of .said .
e SERATBRRDE uond BBk AR FondietPEbBeninguns  gnair
f donfiBeFatieNt act i ng sai d associ ated ground vias of
first and second via triads. 3. The circuit board of
claim 2, further including a second non-conductive

VP et bop ity S B o TRREF o fcon oS ielve T g mane
a8l AhaftGEN hill st irbleAGcApRnE MEOIRESE RYerdhdd Yiinefalso including

perimeter of said second non-conductive opening and
satilehsbeomu-conflectieapeping fernfadrthérein, terseemtd mtpreree plane one

associ ated ground. vias of said second.wvia triad and . .

5t g Ry Dpire wigped M 5O Tarton Rl fheinar A pair of sad

WhRE ﬁh@ﬁm&hﬂ%waqﬂwﬂy@n@mgﬁ%m pair of a8 Tigdt e R are

configuration. The circuit board of claim1l, wherein

sasalermrompassed wathity 2 peqpeaiengf daakseaondusfaennel pdane one non-

confiqguration. The gircuit board of ¢claim2, further .

i??@ﬁﬁ%i‘i?d’l’ﬁmgé@&ﬂ am@am@t@ npepigne e et i gssociated

a%‘?ﬁﬁd @i%%h\%%t Qn(f%e'l:éﬁd (&igigknce plane, the second

reference plane also including at |east one

non- conducti ve opening fornmed therein, the second

ref erence pl ane. qne nan-conducti ve, apeni ng _bein ..

AT heFEORK! Qi 2.Pioreih FIrBRRTIGYIE OF A Firsjiand segopd via triad
" . , ot . . _ S

P Ehdlt by o bt (e BB, e horBheiollf Sition being jpined to

adagd fitss corglncivip@ésattewlldnsi n a perineter of said second

ref erence pl ane one nonconductive opening and said

second reference plane further contacting said _

TE PGl B, 3 S My Ao B LR AR O Sk £ o extent

odf ®@idbgides.st and second via triad is surrounded by an

annul ar collar portion, the annular collar portion

being joined to said first conductive reference pl ane.

The circuit board of claim 7, wherein said annular collar portions are partially circular

and extend for an extent of less that 360 degrees.

The circuit board of claim 9, where said annular collar portions extend no more than

about 180 degrees.
An improved circuit board for use in differential signal applications, the circuit board

having a pair of plated vias that are used to convey differential signals through said

circuit board, said circuit board further including a pair of conductive traces exiting
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12.

13.

14.

15.

16.

17.

18.

The circuit board of claim7, wherein said annul ar
collar portions extend for an extent of 360 degrees.

wab@sosrsetiit board of claim 7, wherein said anP@il/E82005/004468

collar portions are partially circular and extend for
an extent of l|ess that 360 degrees. The circuit board

claim9, said annul ar.col l.ar . ort ons extend
Tt Vi and BElstong oo tgHathr St Pip Bt B b Said vies,
QQ@ﬁQm£9&nHﬁ%om@ngh ferential signal applications, the
circuit board having a pair of plated vias that are
used tthe traces dgvidgfah exit poitimh agd griteinsmishioopgiticna th trace exit
circuit sai d.circui.t boar r including.a .

A Fonsrex DR S5 M R ARG e S okt bortions
%Rzﬁ&dd W Ghinlie 06k blePthafth cBAbShoRlgilitRFARM th&RRiRion portions.
from'said vias, e I nprovenent conprising: the traces
having an exit portion and a transm ssion portion, the
trace ex ortjons extendin fro vi.as . to for

S b S P Bl 5 Oy et lone

ggﬁ)ﬁs WY Elenlo® sl %ﬁ&@éxﬁ ﬁlﬁ'ﬁ% eRtRAALIRRTEI A Gaiitdlb I?/la‘éfalong a
said transm ssion portions e circuit "board of clarm
Iskcondhexiseinra diseiction wanssrefsé &r eaid fiedt agsisgnal vias are
aligned along a first axis and each of said trace exit
portion extends away fromsaid two vias along a second
af(ﬂescnlcﬂﬂ Boid" %;Eﬁlﬁrl ot Wﬁ%’%&e{?ﬁﬁr&r&nﬁ%&l oﬁdrﬁéﬁs S04t tratB€extend

ITcuit board of ¢l alm , erein sald transm ssi on
pxklsﬂg othird akissphctdtapagt donesdi@fickt akiongd geddnaltydtransvearse to said second
spaced apart fromsaid first axis and generally
t¥&¥sverse to said second axis. The circuit board of
claim 12, wherein said trace exit portions each
i nclude a bend that diverges away from said second
aRtiescirctiit ®ogidrofeldimioawtierein saidiraelekit pohgumieactsaictide a bend that
trace exi t 1.&mtl ons are joined to said vias by large

BB avRY auideeepadgsist i ons. The circuit board of
claim11l, further including two distinct ground vias ,
the two ground vias being aligned together along an
| TERQIifal Yohidef cldivat] 1) WhedeBewidbtridet dxitgirtiorsiatSjoimedits said vias by
The circuit board of claim 16, further including a
dwdﬁﬁémﬁ@ﬂég@W%%wEW%@QﬂmQ%e ground reference plane
i ncl udi ng an openi ng that enconpasses said
differential signal vias, said ground reference pl ane

bEiengrcaR BogdtFdldim 19afifther @eRding t&&® distinct ground vias , the two ground

vias being aligned together along an imaginary line that intersects with said first axis.

The circuit board of claim 16, further including a ground reference plane, the ground
reference plane including an opening that encompasses said differential signal vias, said

ground reference plane being connected to said ground vias.

A circuit board for use in differential signal applications, the circuit board having a pair
of plated vias that are used to convey differential signals through said circuit board, said
circuit board further including a pair of conductive traces exiting from said vias and

extending to a location of said circuit board remote from said vias, the improvement
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A circuit board for use in differential signal
applications, the circuit board having a pair of

wWEb@tmslisvs as that are used to convey differentPEl/US2005/004468

signals through said circuit board, said circuit board
further including a pair of conductive traces exiting
fromsaid vias and extending to a |l ocation of said

cFYeR ¥ oard renpte from said vias, the

| DT OV BRBALEHR sS4 kit o Maﬂ%ﬁﬁééﬂ&h BB, the trace exit
portion and a transm ssion portion, the trace exit
pmntlprmmc}udmgml emdpraed @l axtgreﬁngowaeﬂy &odi :mgd vias and extending

fro saldvas and exten to

oS St oiied Bt orst s, S8 o35t PALROBioht KRl Fifiding teg portions
f ’ehraﬁ Q&End M&}@dlﬁ hd @rﬂar%@c[ hle@ A ohg1RbecByd 80 tRMMedsEQEvith the first
the enlarged areas along a second axis that Intersects

witiby, anH éhef lieg portimxijsinirentd théreadsegsspox partion.j oi ni ng to
the transm ssion portion. The circuit board of claim
18, wherein said trace transm ssion portions extend
airpd &r&ﬂt‘&)‘afdjofaéfélﬁl %g] %fheké?ﬁ §did %Eéﬁ%hﬁss?&? 6}9 d along a

The circuit board aim 18, wherein said enlar ged1
atherdsaxhsahia ihlemgets iskid secofdiagis: ations.

The circuit board of claim 18, wherein said enlarged areas have flag-like configurations.
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