PREFERENTI AL GROUND AND VI A EXIT STRUCTURES FOR PRI NTED Cl RCU T
BOARDS Background of The Invention The present invention
rel ates generally to circuit board arrangenents, and nore
particularly to via arrangenents that are used on printed circuit
boards for high-speed electrical transm ssion applications. In the
field of data communi cation, data transfer speeds have steadily

I ncreased over the Syears. This increase in speed has required the
devel opnment of hi gh-speed el ectronic conponents for use in the
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the two wi rigd S e e oS i 3 o PeSeab I ef\wéycwﬁtﬂyd pair being
encircled by an associated grounding shield. These twisted pairs typically receive
complimentary signal voltages, i.e., one wire of the twisted pair will carry a +1.0 volt signal,
while the other wire of the twisted pair will carry a -1.0 volt signal, The wire pairs are twisted

15 together along the axis of the cable 5o that each of the wires extends in a helical path along the
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cable and the wires are spaced apart from each other the same distance along this helical path for
the length of the cable.

'ii . As the signal cables are routed on a path to an electronic device, they may pass by or near
: other electronic devices that emit their own electric field. These devices have the potential to

E 20 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

25 cable and affecting the transmission of data signals through the cable.

' In order to maintain electrical performance integrity from such a transmission line to the
’ circuitry of an associated electronic device, it is desirable to obtain a substantially constant

impedance throughout the transmission line, from circuit to circuit and to avoid large
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capacitively couple to each other and to an associ ated groundi ng
shield or drain wire, and this construction thereby substantially
prevents el ectronmagnetic interference fromoccurring in the 25cabl e
and affecting the transm ssion of data signals through the cable.
In order to maintain electrical performance integrity fromsuch a
transmssion line to the circuitry of an associated el ectronic
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the art as “vias”. A via is a hole that is drilled through the circuit board and the inner surface of
30 which is plated. This plating interconnects the various conductive layers. The traces on the
circuit board may lead to a via location when it {s desired to connect the traces to other traces.

Similarly, the vias may also be used to receive through-hole mounting pins or other mounting
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30which is plated. This plating interconnects the various conductive
| ayers. The traces on the circuit board may lead to a via |location
when it is desired to connect the traces to other traces. Simlarly,
the vias may al so be used to receive through-hole nounting pins or

ot her nounting -2- pins of connectors. Pairs of traces may be
formed in a circuit board layer to carry a pair of differential
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so that each differential signa trace and its corresponding via pair engages in electrical coupling

with the ground rather than with a nearby differential signal fransmission line, which is made up

20 of a pair of conductive traces and vias.

Another general object of the present invention is to provide an improved circuit board
structure in which the configuration of a pair of conductive differential signal traces leading to or
away from a via is specifically configured to control the impedance of the conductive traces that
make up a differential signal transmission line on the circuit board,

25 Another object of the present invention is to provide 2 printed cirouit 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 traces have a particular structure in the
area where they exit from the vias so as to affect the impedance of the differential signal system

30 A further object of the present invention is to provide an improved circuit board

construction wherein a pair of differential signal vias ar¢ positioned proximate to an associated
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25Anot her 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 el ectronic conponents, such as electrical
connectors, in which the structures include a pair of differential
signal traces mated to through hole vias in the circuit board, and
wherein the traces have a particular structure in the area where they
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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
25 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
traces.
Yet it is still another object of the present invention to provide circuit board trace
patterns that are used to provide exits or routes out from circuit board vias in which the
30 impedance of the transmission lines formed on the circuit board is controlled by positioning a
ground trace in proximity to a pair of differential signal traces, thereby forming a “triad” of

circuit board (races where the two differential signal traces and the associated ground trace are
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Still yet a further object of the present invention is to provide a
circuit board having the differential signal via trace exit pattern
descri bed above, and the circuit board including a 25plurality of
ground pl ane | ayers, each of the ground plane |ayers having an
anti-pad, the perinmeter of which enconpasses the collar and exit
portions of the pair of differential signal traces. Yet it is
still anotheatedabpmests offin ineginpryésamgle. | nvention to provide circuit

board trace patt.erns,that are use vV, |
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of the present n\_/ng‘gﬁml on s to, row de a ﬁ}ercw oard1 cogp

trace arraPR§RIRE M et 8§Pe§H' g9qempasing e ppig of (ferypuia ces’ rom a
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is utilized to transmt electrical signals of 10 differentia
circuits, towardepsheqinar apbbeing spared part AgMmEathe b 0BT ER iR PR Lklﬁ l%ﬁ%er

wi th an Opggh&g smedn%ﬁlm;.{aﬁwngdo&rh@ ﬂ%ﬁ?&ﬁo@%ﬁmﬂﬁ)rﬁ fen ﬂﬁérbya‘f

differenti st gnhal "vi as, the exit structure includ8ing a pai,r
enl ar §&d covadveomigspacpdhe hiones pe&wrfamg\mam with g9 fr#e poTUiges | a%wfélaec h

other and bel19o3R3R8H ;AR FLORPASHsOLher by an [ntervening space,

t he enl arge I ONsS subsequent narrow ng down to thinner
portions, also "ﬁ&meﬂsattedveritroomoedcﬁheﬁb h@pctbyd\aﬁa&ﬂsﬁmwl%@hﬁm‘gwﬁﬁ%e

e e B A5 STAAL IR bl iy SR REALRRR o Bl
present i nyedd.i Do it viskese ads@medcm Jdéfetesnai sigva Ripagdss sutt, theriadlides by
nay 0f20 'ts conductive traces that lead away from the differential signal vias within or on a layer of the
circuit board and these traces define a differential signal transmission line of the circuit board
layer. The remaining two vias are designated a ground vias and as such, they are connected to a
ground reference plane, which is preferably in a plane or layer of the circuit board other than the
plane or layer in which the differential signal transmission line extends. The ground reference
23 plane is formed in a manner so that it has an opening formed therein that encompasses the pair
of two differential signat vias. The ground reference plane is connected to both of the ground
vias. The four vias arc arranged at the corners of an imaginary four-sided figure, suchasa
square, rectangle, thombus of the like and the ground reference plane may be solid and planar, or
it may have a grid, or lattice-like, structure.
30 In another principal aspect of the present invention, a new launch, or exit, pattern for

conductive traces leading from a pair of differential signal vias is provided. The exit pattern

includes a pair of conductive traces that extend in a plane or layer of the circuit board from a pair
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structure. In one principal aspect of the present invention, four
vias are provided on a circuit board. Two of the vias are designated
as differential signal vias and as such, they include 20conductive
traces that |ead anay fromthe differential signal vias within or on
a layer of the circuit board and these traces define a differenti al
signal transmssion line of the circuit board |ayer. The renaining
two vias a J r oL i , ¢RNA ed
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t er mi nat es '"Hf®% é”’%ﬁ@ﬁlanStatrl%’r?ggﬁgés%i%écr}f% FFn%IfmlFﬁgggxl?% p?)r_gJ 1llglp1firpncl udes
an i ngpeas egtradbadtwidth@bitiomrshalhnaialiytraveree a tego diaiend, or thange indirectian alaing

w dt h portion begin at near the centerlin hat .r
center IOof S Pgﬁ‘%/ffoé‘} %‘ﬁ‘f V4 toé“egsﬁ%ﬁaﬂfﬁnﬁmfsboﬁlwgs : 2? &'5 P Fc&#? és“?}{éé]a?l?%‘ft%the
si gnal Vi a.invEhiish théd6 neBsREondo b pResfidifrenta signd Sa@n dreragnlit simdend e at

| east one bend in its path to the signal transm ssion |ine, 15where
it term natssmmpyicy SdHCPRPRIEWN in width to that of the signal

transm ssion |i Qg efehpifbdi ahdthdr Smb&iiM&H of the present invention, the impedance of the
. 25 transmission lines formed on the circuit board, and particularly the exit or launch portions
thereof may be controlled by positioning a ground trace in proximity to a pair of differential
signal traces. The ground trace is positioned adjacent to the differential signal traces, but in
different layers of the circuit board so that the three traces may be considered as forming 2
“triad” of circuit board. This triad configuration is best viewed from an end in a section through
30 the circuit board, where the two differential signal traces and the associated ground trace are

located at apexes of an imaginary triangle.

This triad arrangement within the layers of the circuit board promotes capacitive
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I n anot her enbodi nent, the increased width portions have a
configuration of a "flag", when viewed from above or froma direction
normal to the plane of the conductive trace. The increased wdth
portions al so approach each other in a close spacing for coupling

pur poses. The 20i ncreased width portions shall usually traverse at

| east one bend, or change in direction along their path fromtheir
vias to theoplighahoriztiensiférasialongnal ané grouddiracéze Imefmnaﬂhemqmdﬂnm}&
of the invention.tgese fIa ortions of the of . di fferent

signal t rabaimiian ljeRpybarple PR oG Hob sl UMb AT

exenpl i fi edihbiegtiRiidiRon eiERaelit®meadd. of the present invention, the
i npedance of the 25 transm ssion lines formed on the circuit board,

and parti cul ar | 31k Agiraiiboarg conduetive fragsarrensement ma fusther iglydetsgonductive
controkled n@ﬁﬂetléﬂ%mga@opgﬂﬂg Nehid b &Kérr&nﬂfdlﬁl@nt@oﬁ:!ﬁé fvedfion,

differential signal ‘traces round tface I's positioned adj acent
to the di fﬁmoemsmla mnrgﬁ@ﬁer@mtm&ssnal e Thagudinfd dangiof onezof Sresirgfit tokrd

circuit bo t hat [ | o) a
T Taar of et 8 i Bleckitt dOhES; MAEAR MRUORE IS AR B el O fly Uy
from an endlspcae@or&emhu 101s ttulangugm p%féz’atﬁy blsafcfsuuhe ndandyctivheresing NEhit Wo

di fferentlglﬁ naI traces a éﬁ ci ated wound t.race.are 'hocat ed

at apexes Wﬁtﬂsr}l’ﬁweﬁ At ‘?ﬁ? v§ the Tapsayssion JRERANTONGPT HF 50 he

| ayer $00f  UiiRreRiidl Gighdl viae ahél sddreyidd b @Sed GRRRABMEt YEthe Bree 104 Mat BGnpARDME
the differential sjignal and ground traces. In this manner, the

i npedance GHERE! SigBH Saresiraht theinessoRAEdgEPuPEgul ated fromits exit

portions from tIH%thé‘%sp@& & releh @i LibnaPRAELarE Rull REY bk Raldi SRkl
the circuit board. Such a circuit board conductive trace arrangenent

may furt heiviaj ercthe discuii bewd dans ¢ WenrByrasisnd peir ahgrowngyias isdranged nlong B say.
Thi s Ope”' f%ﬁeé"%&a i 38 e HRB@'&%&%%ES@% %{J@negm%{zmm meea%omsses

a pair of eren S|gnal VI as ane of -one of
ci rcuilg boarodnd ayte:asesthh'ang 4 relatiacijvile emlth ¢xtent Kie plaaayaﬁja;emmtpyh@ planemj thehe

d|fferent|al n have athin,stri sed .on. | that
Tons Tt hr ougiene bk i bORSES rOR YR Fef {lebha 3ol ok PG ER il

Thi s bi sectaere sep jdin fogéiber afd skagge d&Bﬂloherﬁ&rcﬁtecaioh cm;gabmuethhthﬁatches the
naI vi as, and

o cr eat os CATEPGUELPD R GuNEh ! BF SR rER FreBIee BRI S8 « ne
portions to the transmission line portions. Along this extent, the ground via exit trace has a
20 width that is large enough to present a wide ground element tot he two differential signal vias.
Preferably, the width of this ground via exit trace extends between the outer edges of the
differential signal vias from a preselected distance, which may include the entire length of the
signal transmission line.
These and other objects, features and advantages of the present invention will be clearly

25 understood through a consideration of the following detailed description.

Brief Description of the Drawings

In the course of this detailed description, the reference will be frequently made to the
attached drawings in which:
FIG. 1 is a schematic view of the environment in which the present invention is used,
30 namely, in a backplane environment for high-speed signal and data transfer applications;

FIG. 2 is a plan view of a known circuit board structure with two vias formed therein;
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differential signal trace pair and their associated ground. In
anot her aspect, the differential signal traces are routed out from
their associated signal vias on the circuit board al ong a common
axis. A pair of ground vias is arranged along the sanme axis as the
signal vias and are spaced further outside of the signal vias al ong
the axis. Two 15ground exit traces having a relative wide wdth

extend (in pl an Adiack he&jge&, of’i@iﬁ‘ﬁpeﬂfngw?otﬁé&%e E@ﬁ&nt%ér

portions) from e ground vias toward a cénter point between
si gnal vi as, mhléIrCeerﬁeyd:fgmmatwg@wied vigw df chrawg erined ewntbmrdwhieawa

di rection Giange §is. AN, bORLr FBLS RS RS L LT B e

routing, of "t eren vias as eir exit
portions t otend rlﬁmsm:ﬂﬂamdmahnglmulppk1gmmmi;plan%b mrnygédmshayemheﬁnh,thd&o@ or
a 20width that is | arge enough to present a

ground via exit trace ha
wi de gFoun&eﬁ‘Ie‘érh‘E{luetr?"tyS‘F Oﬁ@ef'ﬁﬁﬁ“téf’q‘r?’erent ial signal Was. Preferably,

the width of thigs gisash Mé@o%bﬂaeﬂl&x&@@cx%ﬁ%@@arﬁﬁ SRl Mifferentiabiignal
edges of the differential signal _vias froma rese ected distance

whi ch may isplicaténss avlalhesirptinedwp 8i{Erontial pigpg) wiagp ireyif boradrpeing sgmoung hgan
These and %E‘ @5nd9§iv@§xte§ thaﬂ( S AMEER 22D BN 3RAGR N Mhat LB URAERENIS the vias;

i nvention wll be clearly 25understood throu h a consi deration of the
fol | owi ng det al FTéTdSGj@eﬂsEdm yiew effyet Bpthefknpes eirqup bpashareangernent mith ioridas

In th §oCOUres (59 Batc e1ri, qu{%t @ ltﬂ aﬁglggig ?hCIEIbpﬁ 'ag@wh%r\ﬂg thﬁ %!fKErO? &%W@&L&uﬁ% areas

frequently ma ttac raw n
schemati c \suewuncblhg thhenas anienlorgadwith iespeMD te rmmdp:rcé’:ﬁmntomcm@uiwe@m mss

used, 30na rrel bay ane envi,no nt for high-speed si gnal and
data transf®f tgapoé’f:‘? ?fgﬁt dﬁgbm?l% 9“2‘“‘?"5{}“%& an view of a known circuit

board struct ur eFd, & iy 4 phspitise Viow BPalciich b&irdillustréting a 5-die pattern of vias that may
be used for differential signal applications;

1s . FIG. 7 is a plan view of a circuit board via arrangement constructed in accordance with
the principles of the present invention, illustrating a preferential ground arrangement;

FIG. 8 is the same view as FIG. 7, but with a wide ground plane layer in place on top of
the circuit board for clarity purposes and connected to two ground vias and illustrating the
dimensional arrangement of the open area surrounding the pair of differential signal vias;

20 FIG. 9 is a perspective view of the via arrangement similar to that of FIG. 8 showing the
points of interconnection between the ground plane, which is illustrated on the top surface of the
circuit board section and two of the ground vias, the ground plane having a grid or lattice-like
configuration, and having an open area with a perimeter that encompasses a pair of differential
signal vias;

25 FIG. 10 is a perspective view of the arrangement of vias in FIG. 9, but illustrating
additional ground plane layers as part of the overall circuit board construction, with the open
areas encompassing the pair of differential signal vias through the height, or depth, of the circuit
board, with the ground planes being selectively connected to the ground vias of the arrangement;

FIG. 10A is a top plan view of the via and ground plane arrangement of FIG. 10, further

30 illustrating a pair of differential signal transmission line traces exiting from a pair of associated
differential signal vias;

FIG. 11 is a top plan view, taken at a slight angle, illustrating a pair of differential signal

-8-




FIG 3 is a perspective view of a via opening on to the surface of a
circuit board; FIG 3Ais a diagrammatic, detailed view of a
known printed circuit board with a via forned in place in the body of
the circuit board and extending conpletely through the circuit board,
and the circuit board having nultiple ground planes arranged as

| ayers within the body or 5between other |ayers of the circuit board;
"FI G 4 i svigs fdapaiy bEndfctidewedchedxithp @ lagichiaah dr “Beadth RAPTRROGERAES anbOr
differential signal applications and illustrating two differential

si gnal vi ageging g ddferniial sigpalygpsmissWailiayy surround by an non-conducti ve

area that is fqi@edalifa RpORRAHGS dSERRLARIRIAME shi\al inFH6] PUBRSVRA! IS
of the vias; FIG 5 1s a plan view of yet another known circuit board

ar r angenmenthegkit ppriiandiay s fag coofigiration andyet & increaspdwviddiportiont hat shown in

P10. 4, . and whergh nat; : i : i ng
the vito are oniaradute ine vassue. (1p8R pRag oh e, Ak Sp gl Abet
non- conduc pérspectave e illbgragng/tbe §dpeh dfjtherviaa pmbthasi $ribigdse heldkoots comhgrtbbte|tie’
shape; . EI.G' 6 is a perspective view of a circuit board
illustrati H§%"8%die pattern of vias that nay be used for

differential simnal3igppdripeatve@its;of ikirdagenfernt 6f FIGP] 1kt oih af erd thereof at
circuit board via arranﬁemen_t constructed in accordance with the q
princi pl es? Sffeepanglpaat Alusiaipa ApY 815 cirgut tigess e oy their By fsspeiattd; vigs an

groungy ar r ARABIENhe increased WidtPporBodsdf thBBorddiiRe Mh@W as FIG 7, but with
a w de ground plane layer in place on top of the circuit board for

clarity purposddGalid itanebmetrw of 2patksr grdniye Frogsxihpriter pRLpIEd ing
t he di nensj %an@(,,thg[gg)gﬁaglgﬁf&g}gﬁgﬂ%eﬂfogg surroundi ng the pair of

differential signa I's a perspective view of the via
arrangenent si rilGal it oplahaiewof a Ko@n dffesdntistisignal tviraurrprsienernt apd a pair of circuit

i nt erconnection bet1\2/;‘4(??(-11}?J t he ground plane, which is illustrated on the
iTcC

top surfac acg?e’&itﬁ)gt Gt board section and two of the ground vi as,

the giopund pl arkGhiguvs ngiamvigwioflarmthel ltotvih diffetentie signat f-iageramgement, wittnapair

having an open area with a i neter. that enconpasses a ir of
differenti af)"ﬁg?sgeﬁﬁlr’g %&E‘?mé’g‘gf‘ﬁm”ﬁ@ signal a‘}f@?%‘ﬁ@?“i JeAeheed
arrangenent of NGES ik Mpdrigectiv@ vidddf ahdthet Shbodinmdagofadhl differemtlal ggraltnde exit

pl ane | ayers as part of the overall circuit board construction, with
t he open aP¥%85enconpassing the pair of differential signal vias

through the heigfti5405 a hpRAdR vied oflthedifdréribll stgnRIAAESsxiWaitdin bTEGOTEOMAE
pl anes being selectively connected to the ground vias of the
ar r ang@nenground reference plane superimposed over the trace pattern;

FIG. 17A is a top plan view of another embodiment of a circuit board route out
constructed in accordance with the principles of the present invention and illustrating a narrow
spacing between two openings formed in the ground plane of the circuit board.

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

25 apenings formed in the ground plane of the circuit board.

FIG. 18 is a top plan view of another embodiment of a circuit board route out from four
vias, illustrating the use of a triad-style arrangement of traces;

FIG. 184 is a sectional view of FIG. 18 taken along lines A-A thereof, illustrating the
triad-style arrangement of the circuit board traces in their path on the circuit board;

30 FIG. 18B is a diagrammatic view of FIG. 18 illustrating the vertical spacing between
traces qsed on different layers of the circuit board; and,

FIG, 19 is a top plan view of another smbodiment of a triad-style amrangement of circuit
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FIG 10A is a top plan view of the via and ground pl ane arrangenent
of FIG 10, further 30illustrating a pair of differential signal
transm ssion line traces exiting froma pair of associated
differential signal vias; FIG 11 is a top plan view, taken at a
slight angle, illustrating a pair of differential signal -8- vias
and a pair of conductive traces exiting, or "launching" or "breaking
out" from bdaed hHcasxignd neeting a differential signal transm ssion

i ne; FIG | TAis atop plan view of a structure simlar to
that shown in FIG . 11, but where the exit portion has a flag

ConflguratD@tﬁuamesaﬁpénmﬂtmreﬁn@dm’bdam,eaartion 5FIG 12 is the
sane view as H G [, but orrented 90 degrees_and slightly nore .in

per spective andl§ ]| 1§ 3 PPIARCYNG “F‘Wéof&é’ﬁ‘fkﬁlabﬁ aspeRbIx A0g 4n ‘é[h’&h # Ranted cirpuif
trace breagoul KGR ﬂ?:?ér&ﬁiaslé) Pt | 1¥joﬁ'§d to a secondfr& GreultBodrd 18 by
perspective view o he arrangenment of FI'G 11, taken from an end

t her eof at way efiohé arrem uamgctt@s 1@ dhe F:fmnsqttrratq?’n@ arpdeowh én 8F A gbnegtr aces
exi t fromth S eased
width port] (J)‘lﬁucng? c:{cHgs Conw 3 q"lj\l/'e ﬁdu%{?%ujagés Ib%@l&]{ g%d&i}ga stuh?ce o?{ﬁ%p ol an
vi ew of anmbmaboﬂd)m@iiu@ismﬂmtcrraﬂ:tel(m«ixipo@:abh ¢he Becomdusy sircoit b@hrd 102. These

accordance with the prin f the esen pvent i on

14 is a pl @Fuy B W@‘?@ﬁ&%ﬁgﬁ* FLEPERHE P”egisé)ﬁéﬁhar\ﬁr%mgweélr{&gﬁélﬁ‘iuuand
a pair of gdkguit traces exiting therefrom ISFIG 15 is a plan vi ew
of another known differential signal via arrangenen with a

tracedl exi ti ng Gahler BRY Brsahly cPRiteRs thrpsembhga et pahg’rﬁnggl%‘?\eclr?rﬁ%asﬁqm

the circui 1, NAAL vl hfebuléhelfSmPorBREISRBAIL kil WhidWifon ZAQTOE: forms of such
enbodi nent of a the differential signal trace exit
transmission lines may be incorporated in the circuit boards 104, 106 of the assembly and one

such form may take the form of a plurality of conductive traces disposed on or within 4 plane, or
layer, of the circuit board. An example of such a transmission line is shown in FIG. 2 and is

15 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
pattem 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

20 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 vias 121 and, in
differential signal applications, two of the fraces 124, 125 will cooperatively define a differential
signal transmission line ST that lcads to a connector, electronic component or the like,

25 In this mannecr, the likelihood that the differential signal pair will be gplit into multiple
single-ended signals is reduced. The differential signal vias 401 are seen to penetrate the top
metal ground plane layer 405 of the circuit board 400 and having a separation spacing (center-to-
center) that is less than either B or H, the outer dimensions ¢f the anti-pad. In this manner, the
anti-pad is effectively decoupled from the differential signal pair and common mode coupling is

30 minimized, while differential mode coupling between the two differential signal vias is

intcreased.
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pattern; FIG 16Ais a top plan view of the differential
signal trace exit pattern of FIG 16 with a 20ground reference pl ane
superi nposed over the trace pattern; FIG | 7Ais a top plan
vi ew of anot her enbodi nent of a circuit board route out constructed
i n accordance with the principles of the present invention and
Il lustrating a narrow spaci ng between two openings forned in the
ground pl ane of TiehgasdRt ardiufedmordntl. to mount connectors afid dompdrfetsits the bicundoRd
Vi ew as FI(]‘;? L 7A, ut th a wder ﬁaCI ng %serted bet ween two
Gbiete itp

250peni ngs P4 9 IREPTERIREE! PATQHRCIEGR ¢ baardigpsthep ot Hated above, a
FIG 18 is cacmtcwarahﬁpp;w@\ma@é uPAL 3845 of agibmuerg%s Rsift bf Glildr c&gﬁauqfs

route out fromfour vies, illustrating the use of a triad-style
ar r angenentA Rgting fayerds applied to O“F‘Pf@esib)ﬁ?ﬁ andds eJehed o copheaivetracey @ the 8

taken al Ongurjfécé‘&‘%héalaﬁ L ARNR ifayer ggUs%H rBdh ﬁgﬁplfe&{ qﬂ ﬁrtsyl%ﬁré CII'CUit traces

arrangenment of the circuit oar ces int
board; 30 Fla@formBan@oamdlnalgarmmanr@mméwardﬁs ferm@:d \{1181 4 phiraléty pﬁcmcmgs t he

vert L cal Ul BSOS ERAPRGhe  BBe B R oL B
of a triadhelkyihe tba’diuaﬂlgﬁdmdlindaipo@mg&ﬂlcbndu&we layeld @@ ttlerd tham@er@ifdcss of the
Detal led Des el e Bhated tndttby domnenting togelhor all SFHhe layoes thit touch the hole edge,
10 FIG. 3 illustrates in enlarged detail, a layer of the circuit board 120 that contains a via
121. The via is plated and inclndes an interior coating 128 of plating material that surrounds the
hole 122. A gap G may be formed on the board layer and this gaps provides separation between
the via plating 128 and a ground reference plane conductive layer 129 that surrounds the via 121,
This gap G is provided to provide protection against shorting and it has been discovered that the
15 ground plane layer may detrimentally influence the transmission of differential signals from a
pair of differential signal vias. However, with this structure, the gap G that occurs between the
via and the edge of reference plane causes the via to as a capacitor toward the reference plane.
This effect is especially pronounced in structures where there are multiple ground planes with
gaps or openings that surround a single via it can cause signal reflection. This reflection takes
20 energy out of the overall transmission line system.

FIG. 3A illustrates in a schematic manner, the different layers 129a, 129b and 129¢ of the
circuit board 129 and how the via hole 122 extends through all of the layers 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

25 that which is iltustrated in FIG. 4 and which desoribed 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 differential
signal transmission, and the circuit board 120 contains a ground reference plane 129. A portion
130 of the underlying ground plane area which encircles the a pair of differential signal vias is

30 removed to form an opening. This removed area, or opening 130, is commonly referred to in the
art as an “anfi-pad”. The ‘402 patent explains that the anti-pad 130 should encircle the two vias
121. Thig structure has ¢ertain disadvantages associated with it. For exampfe, the vias 121 both
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FIG 1 is a perspective view of a backpl ane assenbly 100 in which a
printed circuit board, referred to herein as a "notherboard” 101 is
joined to a secondary circuit board 102 by 5way of one or nore
connectors 103. The connectors 103, as are known in the art, connect
conductive circuits 104 which utilize conductive traces 105 di sposed
on a surface of the notherboard 101, to simlar circuits 106 di sposed
on the secqaqgwa&:bfswmm:fe&q,'ia@esla@%ss hOLDBeieblts Viss H9%nd 2B of MiPEB&Hdl ¥
| ead to el ectroni c conponents hat are nmounted to the circuit
boar d 100amlaégomalyg b&lm@pltpbef&@ﬂﬂé%to tehsengrgseupf gpy 5@0al dnsmisgion ling that
another el Gl boRkRa BYRENA ¥o1 236l §08P6GRARN. 85035 LanBitfd RO QS AbosBY
el ectronic gna transm ssion 1 orns of suc nsm ssf on
| i nes nmay beuplatbomocigatietksil Bl ohehaickectticaly botthelprogidty of hé swfoubdieg ground

conauct | ve Pt e Rt QP aRY el Mhp i LiPhden oo Qfarii il s

circuit boaed. An exanple of such a transmission line is shown in

FIG 2 and is 15re resentatlve of the IrCUIt board struct re t hat
used in the el dafroiiveieat ‘isﬁﬁ‘iiéﬁflkﬂ}o‘f’b‘a%‘ﬂ} cation to cirquij bpgrdvias, iy ‘8‘? ‘F‘b‘ﬁlf‘tpaé

board 120 i3 gheydwedavitt@nt@r Pribnal3s batwedn i @5 vmzlzzabhwwouﬂrla
pattern for receiving corresponding conductive tails of an electronic
conponent {‘#reboned ordumball] apgearanse.cYVith Ui appraepnes, tho entaprd WA isdpres i thigwrea
SNoWN.10 The 1¥4 Godhngluldiafidl Lids 11CbilGan niohi b ablidbmRal S 1o uah
t he entlre t |cknes of the circurt boar The vies 121 are

pl ated al ofogwmem twR0iast Ehis oarrayang reodts ink2&aptarecf stiee ofi tl:p§y51¢menﬂrg}' that is
typically |ncI a snmall Iar f t hat
can col | ect™ ﬁt’Pﬁ?@¥?3c |oﬁs%?[%%gﬁﬁ6@§%§%@%%H§ﬁ %ﬁkgﬁﬁéab etrthe
circuit boqmdorﬁhar&e Thipatuctued regresedis i attemmuozbele:meliﬂ%hapalzﬂ&caoféhesshavm and
extending a e vias 121 an ind erent.i al.. S] I .

oppl i cat | ol blisSie Bhiq FieEGas Septier G | SR lie B 8PP avne
dlffengntlahs&hgmakmhﬁamﬁﬂyﬁsﬁgﬂmkine "ST"that | eads to a connector,
el ectroni c conponent or the like. 25In this manner, the likelihood
that the differential signal pair will be split into multiple

si ngl e- endggﬂghgﬂﬁhﬁp%@nﬁﬁgpﬁﬁdhmI&ﬁnglfferentla| signal vies 401 are
seen to penetrate the top netal roundjﬁlane | ayer 405 of the circuit

board 400 and h&EG hdllustraiesrmether cuguis braed 208 hivearhets rafisted i ergin aspa f-dies
I ess than %ﬁatgaﬁ m Brfléd thkraﬁh%fep%r?&n legfegﬁ&a@ﬁﬁs m%ré}gr;uglrﬁ.%ﬁp@& 208 %04

t hi s manner e anti - Is effectliv

di f f er ent i @bsitdingher onpasme S@inﬁof@csm&k@nntﬁwdmmpﬁ wn@% sEg@bmichipair gfed,

whi | 6261 Pif %rfﬁeretnll mgnn%g%s ?R%HJH(IES mg?ﬁ?ﬁc\g@lgsrb(}fg?ﬂﬁﬁl@nde J géﬁml'lhg {woleag ’3?'
vies i'S increas d " not

nount conn eedhaﬁan diffedentiiponetycadly ahg:med oiatie BlonhoArsdaxisA0K, (sﬂmmm eateading
al so used t.o interconnect .vari CUIt of the ard .0get her. As
ot ated ahovem vl es s FIC 7] el satnen e ate s gl I8 i

| ayers of araﬁsvaemhmﬁszm 1. The GEfBlehtAl sigRAMAS20%-b20M-Btphaljayer is

applied to one of these ers and is etched to forn1c nd ive,
t ch es on (Chductive traces Feadmg ivmm them 10 another destination on the cll‘clllt ﬂ%d w?ulc the

25 ground via 205 is typically connecied to a ground plane layer disposed within the circuit board

205 on an inner surface thereof and not sown in FIG. 6.

In this type of via pattern, two pairs of differential signal vias each share the single
ground via in the center of the pattern. It has been discovered by us that this 5-die pattemn creates
crosstalk and it is difficult to very finely control the impedance of such a system. The grouping

30 of one of the differential via pairs 202, 204 and the center ground via is preferably triangular in

configuration with the three vias being located at the vertices of imaginary triangles represented
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S5surface of the layer. Another |ayer of fiberglass or resinis
applied to the first layer, circuit traces are fornmed and so on until
a nulti-layer circuit board is formed with a plurality of circuits
extendi ng through the board on the different |ayers thereof The vias
are formed by drilling holes into the circuit board and exposing the
conductive layers and then the inner surfaces of the vias are plated,
t her eby coapmgb@lmgngsqggtm@rﬁ all of the layers that touch the hole
edge. 10FIG 3 jllustrates in enlarged detail, a |l ayer of the circuit
board 120 that f@ntiarHP Manyigy qualclrcwasslﬁaﬁ wh priadavavtgaetiided ifdes an
interior c I 122.
A Gap G g bans R R pr Bl (TR P Bendon R AR LT TR
separ at i onstbaserséenthativse piivofifirintig sigRd vianiaa” g esatad clp@r @rtémwsqgla@de
g?gslu dge :jvtegxlog dgv\rxlall %ﬁ? };[or\}/a dn Sp%%{:\(?ﬂ%&ggg heent V' %em %rgﬁgecg;%c{ air “BB” of
di scover ed dlfmzaﬁtlal hglal 1’h53 gmmr;ld viak amaaré ﬁ;tmd mmy cmitrbbﬂ‘é A6GArdyan associated

i nfluence the tr m ssi.qQn of differe | signal.s froma palr..of .

di f ferent i 810U Y lwfeglgemma?ﬁonoﬁfﬁ ardrete ra@fa{@f«%wﬁna Pﬁgg#d‘éfﬁef@“a‘
that occur gighelimern. rhewd cﬂff@&daalt 218680 Dire pRfcAIbBMGiEndalaRAB a Gttt BESLI
the via to as a capacitor toward e reference plane. This effect is

especi al | ytﬁp@h@wﬁéﬁfeﬁpnﬁlr&@@ldw@sﬂnmﬁ%oct%mewiémrﬁ@? 5 sprasd gpagfieen
Planesy Wi { iheGsO budRBaBEs kiRl ndiighURd Wi liflatn ¥ bfecibn GAEvERUS
si gha ref ection. h| s reflection t Oenergy out of the overall
transm ssi 6m first mas Blist em FIG 3Aill ust rat es in a schematic

manner, the diff.e i 129a, 29 rd

129 and how the\x{w ger?] t}h %ﬁ%u%ﬁa(st ehtfs er?"r%alc%o a‘fI a&?m P%guﬁ% t]{acskﬂcgnfggg- Cc

in order t Getwem@nydittbreftivl bigoet viapaic AAkAd s aﬁtd:ateﬁtgmund ay e02 i‘srlasmm the4b

and 124c. One nanner of .inproving. the perfor of, dl‘{ferenl :Bﬁl

si gnal vi a®PgR8 ¥ 2deregh fheﬁﬂﬁggc‘ie‘gm HERaY2 B a’? anpiher, aqigestaair B of| g

4 andyhi chirdeast k@% via§304. Ia thRAHFALr, DOoneDei® OFdidEential HSHAPHaMIM Hhasddd,
o]

2003 and assi gned Ter adyne, |nc. In this patent, a circuit board
120 is showritsisenalingtoyaps) ithragsoriatpd ground 102 ax1dzrpt fogyardesitheriias athes, aAIpRREL vi e
121 are ar banQed) L P o 5 BR! fgx%n i 3 Abd PRSI RSB siARd;
the circui ?ﬂ%%ar dki%ﬁ% 3 nn-ai%nosrq{él3 oun ggrs%ce p ane igcg sightlvia
portion 13@anoBBthe underl ying ground pI ane area whi ch enci rcl es the a
pair of di ffer nal S fman eni n

Thi s renoved ar g’ trrf‘}t?"l O%ﬁ s"l‘)‘shm(%tnﬁo IpregeHE e o}nlaﬁoﬁeﬁreggrre t
as anzff ant gropx&ﬁlrefereﬂ@lax&ﬁ)aftpmmm b@npdraprﬂ&dédlmth ddpa:.ﬂlytcbnﬁmehd hdpad

shoul d encircle the t vies. 121. Thj ruct ure ain.

o vt aeCersertiieh 8 o sl s} vighdt ok Ve s e stG! 58! g ppir The
act as capafichgéri! zkemuméhiplo@klﬁsacaha@gaﬁmﬁ@rsa&ssﬁom PG, betvmefbfet:aﬁe MingSr
121 and edge of the ground plane opening. This_ capacitor effect tends

to take en@PQpdicas “EﬁCW&H‘;trb%ﬁf‘bl"Fé}ChﬁﬂchlﬁgsrﬁPélgiﬂﬁhf’ﬁsiﬁ‘?él W40 Ly obehifiarged

to the viagyddded tJi‘a%nu%&r%z &ﬂn@r&mlsi@%é@duar @Mﬂ'pﬁﬁgfmﬁs Bfdsent
attenpt to | oosely couple the two signal_ vias g‘get er

el ect #¥ cal eijher gihe uriacentdhg giiowiybasrd qr ﬁé a‘S’E}Fcf‘ﬁdeﬁGf ﬂi’@m I arosprbRiang 405
pl ane i nhi h]‘astasiarké M-l a%\gmm her zﬁ{atak @a!n bE Qéamd 18, PRANRER4 BB it Yerally

differential si gna Vi as | ust rat es anot her known
nodi i cat i eastapgylac inshape; h@m@nmswssBawm%lhwadt ig prefergé thatithq opjeging have

narrowed ip, %fgécb&%}&zﬁf%%%gg 1?23% 13ELNEER oﬁtgﬂ\ﬁ%h%ﬁﬁaw%?ht-ﬁ/@:dom

an overal | one appear ance S appear ance,
the anti - pad 13]11c igeuhdiplgee 403 stinmndingthe pair 402 of differential signal vias 401 maybe a

30 large ground plane, as illustrated. In this manner, the likelihood that the differential signal pair
will be split into multiple single-ended signals is reduced. The differential signal vias 401 are

seen to penetrate the top metal ground plane layer 405 of the circuit board 400 and have a
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10135 surrounding the pair of vias 121, but it then narrows down a
bit between in the area 136 between the two vias. This narrow ng
results in a recapture of sone of the systemenergy that is normally
| ost in operation, but the small area of the ground plane anti-pad

i nhi bits proper performance. This structure represents an attenpt to
bal ance the capacitance of the systemand to |oosely couple the two
si gnal Vi asephretietshaingWirintee tsdeniel) thae B pistithad ditherd bi M) thy ouddr dirhesibw@f the

signal 15vies, for their surroundin round, pl.an Assv trical
Pef er ent | aPPUIE PO EAIGHPnlg ths manncp ek anspad 419 Sy el dhomles Fep theui ¢
board 200 higfRnitNsiknal faif b @6rh@6h MBddHBLRING isdFinienized; Wi diffdréhtimahdder n

formed therein. This ggtter_n i ncludes two pairs of differenti al
si gnal vi a%upling bpbveeihs twe G Hergntishsigphyasis bcesseds of a single

I nt erveni ng gr v . Es,&j‘b e 26l ; ' | I
vi as ij‘rslcl udes %gﬁ?{%ﬁ %@? 1aﬁ5§§ﬁ£8 a, %gglag%%’%igﬁ%ggﬁﬂﬁ@?%
vi as of eaghusimbandigfthia iténplacat clpser o the dfftrgndinlormirl 402 thai daothet ang éttheefore
along a first axjs Ll. (sho xt endi,ng .fr we ft.to

f ot T Him i S plimal HOUR LRI AR SN coiolenlo BB ¢
t r ansver sembde dobglingiof e paixdRlifidrentidlntznalivia éreinimizdd 2ad grisfinedifasviRe@antb,
204a-b typjcally have conductive traces |eading fromthemto ot her
desti nat ] ORTBH o HEMAEET o BOSPE G0 SORH B P oIBL S BRARPRES08 | <
typicad |y somaginedos @ cenngiteliioBoflganed Viaysdithekos paSRtomistidfices dffte circuit
circuit board 205 on an_inner surface thereof and_not 30 in FJ% 6.
" this y B Wb Fa .Y, (Cemundames s psed ih e aiHonand & Hpipied ind 0.

each shar ejg vgs ftRGLAnAMAURLr Wotnd plark Mers 8R 5Ly LB RAE b Merouhd vilias
been di scovered by us that thrs 5-die pattern creates crosstal k and

it is diffndiftd itovil be yoted thetithe send plene 408 dakenthe framaroroef agridigr lttice like
system Th upi . | £527 &1k L 3kig ¥ BeuRdds b2 for a4
and the ceﬁp’g{upe B%ﬁ%‘%?%rﬁggaﬁ%?%pggﬁéyﬁvﬁi %dr%gu acri Xﬂl lﬁmg%ilﬁ?]?bur atoiron
Wi th the t for easof aiscultdbards thetdaveschight depsiey of pains i€ disfersiitial signpl ias. y
triangles repres -12- the, bold lines.T,in Fl 6, FI G
7 1is a top pl aﬁn \E/ﬁ'é\c/?vg’oa'fmlf%i“}E:I'ialr?1 Wt pbag%lrc chg%%\amwtsﬁb‘gn’\ﬂ@t?%@%ﬁ?r other
const r uct emsdlitivaeaaradanasvedifdritiatiye The proaidplaass 406a,t406b oe dispased on opposing

YO e R Bl v b5 o BB i
associ at ed403 & 404, In the inner ground reference plane layers 405¢ & 405d, there is no connection
20 between the ground planes and either of the two vias 403, 404. A pair of signal traces 420 are
shown exiting from the differential signal via pair 420 between ground plane layers 405e and
405f. In order to optimize the via performance through the circuit board 400 and its stack of
layers, the two ground planes that flank the signal traces 420 are connected to the ground vias
403, 404.
25 The exit paths that the conductive signal traces 420 take between the three vias 401-403
is shown best in FIG, 10A, FIG, 10A is a top plan view of the via and ground plane structure of
FIG. 10, illustrating the ground plane on the top surface of the circuit board (with the board
structure removed for clarity) and illustrating the connection of two inner signal traces to the
differential signal via pair. This also illustrates the path which the signal traces 420 take in their

30 route out, or exit from the differential signal vias.

Signal Trace Breakout From Vias
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5 ground via 302 (shown in approximately the center of the pattern)
than are a second pair "BB" of differential signal vias. Miltiple
vies 301 are formed in the circuit board 300 and an associ ated ground
via 302 is provided in association with and preferably aligned with a
pair of differential signal vies 303. The two differential signal
vias 303 are preferably aligned along .a first axis LI to forma pair
of differentialygi,gna 1r¥51§§3 coRtffl el éﬁ%@ﬁhﬁ& ﬁé?lm%fs@iﬁﬁ'ﬁne\éhﬂm@&@a inSvhich
spaced apart from 10t first axis, % | ocat ed between the

si gnal Vi ethewess exit &mdleuvmsandjcrmemeutw ttanmsswemg@ on ghetcireuif hopigt Pepklems
Li. | r I a

| ayout bec\gﬁsseéls?{h%eglg%‘%ﬂn%r%% t\l/%yleag]r{tl%gﬁgo eré'%?%ﬁl Q%ag‘d fthéz;
pair AA andondnawaa-sn(pmtreﬂvgrem:tmlchmn@m&wammdIae:sxs;extltmammingbwmnh@ W2

bet wee th |ff renti ir. AA and 0 cent
el 1 e e o R it Pl B8 ngrel B s SN0 5 0t g PR
pair of dl Hffﬁfeﬁt"aii b@aawiagﬁtelspé&ca@aﬁ&omadaloaﬁe@adtstmtcsncmmtrlomgmﬁmed
its associ ated grou 302 and not toward either the other, cent

di f f er ent | &Rcesp Mﬁﬂ%&iteﬁ&? the gms 801, pPerng pELARICRA M*&B%E’i‘
with that difhecant éﬂntgﬁ ARBexiV ptidR 64 Blhe tﬁb&%wéd H-Qen'telrltdéﬁthﬁtsﬁaarates

anot her enbodi rent of present 1 nvention in one or nore
20gr ound rdteewememiltmnletéemcethesavﬂrﬁmbxﬁlbmfamsmmegPD@Vl ded with a

SpeCI bl y conf i u%e%g%gﬁlong %ﬂ gt%ve%tsh g?dstﬁ%o lggrsgc\ftQacq o%}{e?fn%ﬁr'eﬁ!ent

Si gnal Vi as tha eren gnal
di nensi onabuttidyddin oasrﬁiapqtmdmg elohgasesl paﬂmsr@érttmnmendwﬂaiiem easinatiaer on npekie

ncl ndes asKRAAREEGIDR G Rarerath o s roRhit RO & b o

form a pai ragdidssidh lifé 6ftRS @Rbit BdarS5@Rapoiting themA Wit Henge @irdd differneal 405
is present 25 elther on the surface of the ircuit board or on an

interior | &gy vighdiedsrded 3psing, SSOMEITANG Hi& longth ofi the two F%eb‘ea%l?ﬁlﬁeptpad 410

for ma@f i igtmmaRch &StheaRy %aﬁ&@ﬂx thdlexdtlafe ke to hlEds@ e miRiaRlm? BY masntaining
generally rectangul ar in” shape, having dinmensions B and H as shown.

It is pr ef drersseinettyand tﬁéﬂ@tﬁ@ﬁrhqgir%t\ieceﬁeaﬁmﬁéetw eathesontrolled inthiy prea.
about %eg’n AL Gy s ﬂ&%ﬁwﬁﬂm%ﬁ% g& %w%lgggyg@témtﬁ Fmeahe

gr ound pI ane surroun fdi nal vias
401 may be espeddlyianges q:frtimmMmpﬂacardeyhewshm isaighalewsity, or plosety wawénﬁemf
the Iikel |ta t]at the differential signal pair will be split into
mul tiple si ﬁﬁf” 12 1&858 & ‘gnal s is reduced. The differential signal
vias 401 are sepnblt@s pineke aha thh@ntepvarebel leagingind pypaimd diffaseatial Sed
of the circuit board 40 a.-13- rati on _spac

 Ocent or -t o s e aEeetait eLthe HRe® i BHFed i ALASR Mo B g R Spfiegpealin thee
| di mensi ons paferd £ AR BUIAG, préYlenddfit brrdgenehiQ il Ratedh FIG. hslvlhh:era,cxrt:d*temard

| anti-pad 410 is effectively decoupled fromthe qdlfferentl s\gqr:@l
| pair and céﬁ?rﬁrﬁ”%ﬁ%d§@ﬁﬁf‘$ﬁbar¥a§° ig§ 301 288 arrapRe ‘QPEI‘FSf’*Pé‘F‘e Jf fhe

| coupl i ng beteen sth@mh WaiftidhfiAsRAdipak aiditgB andvdies thés 50K 5EREEshown

25 leading from the vias to a signal transmnission line 507. The one trace 506 has a short exit
portion 510, while the other trace 505 has a longer exit portion 511 to account for the spacing
between the two vias 501, 502. The signal transmission line 507 portion of the traces extends
between the two rows of vias, In order to ensure that the impedance of the signal transmission
line will maintain a desired value, it becomes necessary to equalize the length of the

30 transmission line portion 507 to take into account the difference in the lengths and angles of the
two exit portions 510, 511 of the traces. This is done by inserting a compensating portion 512,

shown as a partial loop, which increases the overall length of the trace 506 without unduly
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5Additionally, one via 404 of the two ground vies 403, 404 is defined
as a preferential ground, meaning that it is placed closer to the
differential pair 402 than the other and is therefore designated as a
primary ground reference. Wth this assyrnettri eal relatlonshlp, t he
comon node coupling of the pair of differential signal vies is

m nimzed and is defined for subsequent tuning of the inpedance of
the syst emindreaging thylateryf lérneth. dlowever, thawse atuch hempensetingpoarsd? taftsep 10
ground pl a

Dot t om Sur 1 aNa07 sl FARARLE By Dol MucthR P T5ed: deBfobi B nc
ground pl arksefae¢hisigbdion ¢olnamllirﬁmé1mndeamjofa$rrcdlﬂbuaﬂrsghddransrmﬁioﬁ;]ma@,
it is preferred % at the inner ground plane | ayers are selectively
connect ed ﬂ@ 3’Ground vies. In FIG 9, it will be noted that the

ground spl ane 40813sakp$3 &he Af Dlusatohe efodandl 4G c@tuil ta)rmtdi 606 hhviken circuit
structure, rather than a large solid ground plane |a Such a_grid

or |attice '8¢ pafigm oAt that %‘rldqage*q@f prpedgnegchagpterstic ats'aaﬂéraaemﬁswat*me
have a hig Qlﬁﬁﬂfséxﬁty fr@ﬁm aly@ir 689 &fdtﬂ'récntrﬁrs?gﬂﬁl'vﬁ:k 6@8&9@%‘) Wit Shis arrangemehnn he

FIG 10, a nultiple layer, or plane, circuit board is shown, Wt
resin or othaebeen Aisenvered Deusthatéis prssible tooiund” the performarice of therhr@sgrs@mmd

pl anes 405%3%‘}19?‘%9 ?ﬂeevufl 6DPOZER ofl Thel) by d%gso&gt&% ,ﬂ&% 9@%&%%?}1'6 5 Sonidl

the circuit boar and are conn roun Vle
403 & 1404. abshowinels iformed frgncb‘umbndm:rnee eaveet1ph, &hdh. | Tay enrcsntctfaﬁca)a&em@lﬁdm m
there is n

e v be aduSORBRE s 8 Gt o ShE Raind B 3 BT SR B e tP s (R,

the diff er entdsal 3456 pbahate/vah padiffedzih] bighaleirncog,Gosal ol gaheir Iblay:ﬂroey 405e

and 405f In order t p imze the via_performance through the citcuit
board 400 &#fH°rt 452%@’ %)fnlfl using palterns|of the jiyeriiop. Hch e Eﬁ’HE‘g‘hf“H%r‘F P?SF‘QHIEO

the signal |JnBc@s edbdd F0R sgwe%&ehc&méan@ng&um” #bif $he/Rerertidrsign

25The exit paths that the conductive signal traces 420 take betmeen
the tHPee VithsTho SIS SEXRORVHERLEY 1 Isﬁte“ldAthfﬂﬂ@ﬂe&@l&W’@“‘&mtc@’b

plan view ke c\ﬁhtﬁlum &EQU@ﬂﬂ%ﬂﬂﬁnﬁ: 'bé‘!\cﬁ'&ﬁ Qg&lfmt thdt @ nokfinally between thed

illustrating the ground ‘plane on the top surf the circuit boar
(with the besemit. structure reaned for clarity) and |IIustrat|ng t he

connection of t Dt %t@cﬁ] ovE 'a%}?%]co%c?fﬁﬁﬁm o?enﬁr ogéuts a?{hg er&'é@@%d )‘6' ae

pair. This also P ates races i
in their 30rdrutosempiure this ey, the rvmmcm hmzdrsféﬁ@mﬁnbnlabecbw@ﬁraﬁortmnasr areas,

S gnel ! 255 SRR ST by rih b SRR M O,
t he traces peitiohs 620@ra fufifer yoises t@hel via @rating602 viitheihat wé ddaaitiess (‘Mug” patidhson
the circuit ?Oﬂege ﬂaF;:!,r p?ot}tllgns 623 , and in part, the enlarged width portions 621 present more metal
plate area to increase the capacitance in the area between the vias where the electrical energy is
concentrated. The flag portions 623 give a good 90 degree centerline exit fo the beginning of the
25 exit portions.

As shown best in FIG. 11, the two pairs of vias disposed in the circuit board 600 are
arranged along a first axis L1. The lower pair of vias in the Figure are a pair of differential
signal vias, and the conductive trace exit portions 620 are of enlarged width and extend first
along that first axis toward each other, and then at an angle outwardly frorn that first axis along a

30 second axis, designated AX2 in FIG. 11, which preferably extends transverse to first axis L1 as
illustrated. They then turn along a pair of bends 680, 681 that have a radius so that one trace

613a fits inside of the other race 613b and continue along a third axis AX3, that is generally
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arise in these exit areas. Previously it was known to attenpt to

mai ntain the spacing of the conductive trace pair in symetrical
arrangenents around a center line running between the 5differential
signal via pair. This$ is shown in FIG 14, where two vias 501, 502 of
a pair of differential signal vies are spaced apart from each ot her
by a distance D. A pair of conductive traces 503 are connected to the
vies 501, 593!!@%%@9!%:13 BalcRls rg{%@ra@'ﬁ%\s@er?e?(tbtaxrpﬂw m%%ﬁnér?cﬁh@n{y
out at an angle along exit portions 504 of the traces toward a

cent erl i nesm@cing EE rw;bap‘atamsd batreeen Ws twé kdreSBam thetaier Xi¥hehere the Bag pertions
separ at ed exit ort.i.o

short Ieng? %3 Ut% r&Q%ﬁ 8?@&5& egé&%%ﬂ%? mﬂorg'ﬁréslﬁr’me Slféf']%tmbsmssm
they join eeu S’Esmmmﬁlmgoenhe&gmm&ﬂs ampmngmﬂﬂaeﬁﬂﬁerdnhﬂts@wna&d paral | el
to each other on _opposite sides of, the centerline C Wo Vi e

501, 502 and tmﬂp P‘ 6&9Pd’§aé‘d"°t"f é*é“s”‘%@@‘ﬂ‘é“f"ifﬁemé"fﬂaﬁﬁaﬁ‘ ‘i”ﬁﬁﬁ?‘i‘ﬁ'@%"i"on
line of theeGhs &ﬂ’ertentm)ﬁéﬂal 91d0ar8 SRRl BPa 4dpBMe-sWid bpeding BIHiRiIR &) thatOf
differential signal vies, the needed spacing, geonetry and the | ength

of the twoshowadeEIGrayApmentigsed by s ilivstaateddn IWbOéWWﬁFF’éF\%%OHﬁn
the exit apes kaplita AR wdXSeh B gr@p@'smemres%mg @aen%ﬂeaqretam zﬂ@@ﬂﬁhry

and symmetry of the circuit trac t he 1 npedance controlled in
this area. tresoseding avway fiom thotisnl They plafsoses icwase thercopacisivo cauplingtebeen
fromyjies | i tern

cir ch(% boa{lreé[%v%er e ¥1ﬁ%rr%§£}d§a%§ lﬁfeéﬁhe?zdﬁgﬁcg Jﬂyeﬂ glpgglgﬁ?als(aa é a hes eal rs
of di ff er enthegbxtaidgivak a\ﬁrsa3x1s)26)ﬁamtainelmdewddlsemratzse dmﬂam b'etlmeen the traces in

conductive  traces | eading fr di fferenti al | vias are
s b U Rom B i dot SR Be 0 e Pl pireiopr oG o 730 B oe ity &
not symet klofi@d sebdhdtalieimhichadtbredct tﬁe&ir@ afia] 1t canBeGBenahd? (iR iblacuy@dlio® three

arr angenent flés illustrated in FIG 15 where a circuit _board 500 i

0
oDy ot otliffsent et alond edyis b, hisecont dlogpeatis AX3Ea% e BSMAonE

two lijgies. mEweis Afkat R&eM. £ia20%s inRBCo [0 BMas Ak fafd ARBI al signal pair
and two conductive traces 505, 506 are shown 25| eading fromthe vies

to a signal trdASn3dsis s tep Alaverieroqt anaths emhedimens ebthe d@eriign showingdhe exéxi t
i 51 511
portion B?tor t‘%ﬁ oF BShaReie Era§e£ 3PP pdbT vids kﬂ%ggm@@(g@ tp%gﬁa@n

to account e spacl ng between the two vias 5 si gnal
transm ssi ganshiissien ﬁﬁb?SS[?o rT‘hc waren§ 5 0titnbude flagpostians 5 éhapati of theie exit fogionswwith

f h f
(v ansm ssi onoerRAERFs Dl Rt Rt s iElovpdeb SRER SR u it S B By

to eqo@l i zestahies Ineidgéthheofthdri@ced30b isdn@ivics Bick Npdr inelf pathé $ignal idgmisson

take into account the difference jn the | engths _an | es, of t e t wo
exit porti gﬂ%l’%‘i‘ﬁ‘s S%tﬁatﬁtef“gfegefqﬂb’é@““wtg ﬂ?eéx’déﬂed% ’199'&"5?%1?

conpensat i &Qveps@ falpht@ ﬂua5ﬂa%,ap§fbﬁmam ve difdHct beabls h ®ORith mh Q&dldﬂ%@@&ﬁﬁe of
t he overall g.'gth of the trace 506 wi thout unduly - 15- |ncrea3|rg.g

the | ateraF 10? dagtising ipnalesby theiney BB af each bpndgcRreepénssa rravgeqss e
512 t akes Hth‘é?JtHﬁ'mggcﬁ%%r&ﬂoﬁ he circuit board which otherw se
se or addi

could be u t1 Gnal circuitry and therefore this solution to
contrafling thehswpetrafecaacolane 500 ischivwn wypaimpossidghene the trage piipsiian. Injthie

5 undes I GR0IR e RrduTboartind hblortd plade!sob Bd B S WParRBRAERHioR! 50

circuit bo aving a circul
are found. They are shown as located in a layer above the trace exit pattern, but they could also

be located in a layer beneath the trace exit pattern. There are two ground vias 593 that are

interconnected to the ground plane 590 and they are located at edges of the opening 594 formed
30 in the ground plane that encompasses the two differential signal vias 551. One of the ground

vias 593a is the primary ground via that is associated with the pair of differential signal vias 551,

and the other ground via 593b is one that is associated with the pair of differential signal vias
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trace pattern 601 that provi des desirable i npedance characteristics
of a signal transmssion line 610 that exits froma pair 609 of
differential signal vies 608a, 608b. Wth this arrangenent, it has
been di scovered by us that it is possible to "tune" the perfornance
of the transm ssion systemfromthe vies 608a, 608b all the way their
associ ated signal transm ssion line 612, which 10as shown, is forned
fromtwo ciadyatthyefandstshdndaFI@OI®0. The circuit trace pattern

shown in these ure s one .t hat typically found on an.inn
| ayer of the ciﬁ‘égf‘ ‘E%E?faﬂebﬁslaﬁaastﬁﬁéﬂ%&% 'ﬁl*al@%gtomra@ssw%%ﬁewa
with the didFaefegfats Gp@kd S ANRdreftinASdifaBa W 10 A8Rh AlsRRtd tg He ditAtLW2 RAY

portions 604. (FI I n usi n%@patterns of the invention, we have
f ound t hat P#itis prpcesifasn tbp &roppd via §Fibh Thhanalaeioljyr pertiophadSey dhespraundiving

t racess br ek e A eved flhowh aemehgm télichf R grasdda)ms% BoRks A i they BORC
structures serve to return energ hi's manner

i nvention camdptomgadect@ro@thvf mahgbgs Bethgrl k& pmférfeérﬂanthsaltyneroémulpm r
froma p0|nt t hat | nom nal e air. at ed
above. 1 PibiRions BlATHEs e8P D a0 bl e oo B RlE
609, and |pre&thrTlﬁst Eiafea@tddﬁc& chﬁabmvempiggg betiwaen the agxexmcepe)mtplonmﬁs @20
have enl arged wi dth t r atm 20621 which are joined to the
vies by wal'¢8pn-asefiat I"é'i"r Drtions 622. The enlarged width

portiems 620 armgf W:Ilﬁ%‘%tet RHofRElst§1Qof BuiVirRe BlifdribREk L gariint ddnsthigtd ine
describe as "flag" portions 623. These flag portions 623 , and in

part, the BiPWAsadithithprmingiales pighrpresont ipyeatiann {n this paangemnsnt, thp seduddivea
to i ncreasg,d.bes0aaRak Liiedss a balr m@soaat@@w?@&mem Ef‘f?@ethg:%ﬁlo\Q@&ftﬁesé (PRes

el ectrical ener gg I's concentrated. The flag portl ons ive a good
90 degree d&ht450b inslndesiettracopartion 47& giith aitielef derd mdivs thgdsmestep within hesther

As shown b?r§ b!élgiodz l-t%n 4% Tﬂlp@ﬁér ceot?i'l Bé co\ﬁkﬁa'e(gés%@]?cﬁxﬁaeah%lu on?tself as it

circuit boar are arrang ong a Y rFST axrs Li wer pal r
of viass i mitialﬂgeﬁcnylﬁemah@1a4matoward)fts cthéripairedrvia 42 asd theraturng jupe), itselfi dThe
t he conduct. v. ortlons 62

extend fir&t™ ﬁfag{]%a ISS g’mag)?l gouptgwgﬁ%m alcpr%"qj gmndgg@r@}?qté v'%n
angl e out vvamnbyhefdthmpmdaawlfcm STheavtsthal @hdnuas Glﬂsea@ml partios that is spaced
deS|gnated 2

in i.ch pref bl y ext transverse to
Tt axt s IER a i BBR7dcH HoRub o L arrsh B s coarmPsgr 1 atfces
680, 681 tt};&f.amﬂyﬁa@“@g%y@u%amh@;ﬁh@ne trace 61 3a fits inside of
the other trace 613b and continue _along a.third axis A3C3, that _is

generdPly -16- Fligaltsy ‘ISéFOPtF%a“d%‘%OfIfIIGalﬁda’\%‘i‘HW“f‘tés . et il iiGer se

to axis AXZ3p lrdui ?eféf@r(&@ﬁfane ﬁp&ﬁﬁb%&@@ithéﬁ%b@gbeﬁgatm 1rR@ QR pARE T
between the two traces fromthe area XX where the flag portions 623

extend out thicgiennd referenre glene therassopinted growad imis ﬁl@c@mféosewpthea@mof GHereqtiol n
coupt i ng-of A RLagAFis ik BhGRohe gl e R RO GANI MO YR poion
vi ew of t hé7%efrstexpod ditdros iGfviatOp &iwardthe vtherodst02 lofithe Miagpaig irbaydir iegstablish
25 the separation distance. It then loops back upon itself at 474 at a point where it may follow the
interior of the outer via at a desired separation distance.
FIG. 17 illustrates another embodiment of a circuit board exit pattern constructed in
accordance with the principles of the present invention and which utilizes a series of plated vias
702 that are formed in a printed circuit board. The circuit board 700 is shown in top plan view
30 and it can be seen to include six pairs of vias, or through holes, 702 that extend completely
through the thickness of the circuit board 700. These vias 702 are spaced apart from each other

along both the X and Y direction (or up to down and right left in FIGS. 17A and 17B}, and they
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the two differential signal vies are surrounded by a dogbone-style
opening 690 simlar to that showmm in FIG 5. As nentioned above, and
as illustrated in this enbodi nent, the exit portions 723 of the
traces take the formof flag-type structures, which are plate-type
areas in lieu of thin traces | eading away fromthe vies. These plate
areas increase the capacitive coupling between 10the traces at the

via area ang péie@bil gRE oh BRiriNelkr tane® 70T fRndt lu@g wméénu&ﬂﬁe@k&faea with
approach each other (extend along a first axis) to naintain

desired separdeliGislegients insereedietoliedn the traces in their exit from t he
vias, and subsegyeni b d;rhgé?m%xfoh ns‘h%fsl':o‘%}ﬁsanﬁ’fﬁz?é}ga Rdlis 4l &’é?1ﬁ§%or{dh&%g i

portions along a secon Intersects the first axis
be seen thafomﬁeefmlmelsnﬁfzolwmwthme@cmmm,emtplgmgm béenrguovad.ong t he

Lic, t d al h .h l.ast | y. .15t h
gi: : AI)S(S Qﬁlgor?aﬁﬁyo %1! :Eage[tetl @ agses as 6e%tr; g ir ﬁ&ff gi%aai X&gtagcri] His palrlse
FIG 13A i a;mlrbbpaqoh&mdghawieﬁdxaammeme Eigbegi H‘Bisbazﬁfilctdfalai; iBMABided b be
showi ng t he i of condu

exi.t th of a pair ive traces b roma air
of vi ae. 5o st iy vl G oG of e xenpLEs Gy D) &9 = pehe
traces 550 (ineldefh bieh Regditdd) Whidhe Afier A e fhait PR will 4k a RQAGVEQNS
with enlarged plate areas that exit fromthe vias toward each other

al ong an axPyeserignabgbthe famepagnitudeas dogisdabors. chhepatup diTesmtiplsigngvits r
trace 550D Bffeciidel ébElMﬁ@teQ@ﬁférédHQ@lgh&l% Ipaum R otlePiad 718" AR S Ry

l'ine portions 557 that extends generall'y transverse to the axis Li.
The exit pdrayibenssitfoned Hene atqoamemgelsalp%mm%md Jarys aagpu@wmm@ychrasve

g'els ?]:\:] n IC Ei o E ?flkgfmg &Q%dfbie?]w tfng%'gwgncdéjlﬁg E]aﬁ cﬁé egg aon%t i e é)%cr{nfngnﬁzi is ka4 1o

occurr ence abtidhest he grouad @i2eXI& portions change di rectl on. 25A gr ound

f I 0 | h d ab th t..
pat torn. 1 & i & BAgEReaR S et TBeD o Farrer b e GRS B B

and the and1e. meaagm:h]ag ofahd difttiit P&Ud ire2Bses B} et orh Mdeir 7 TG Wi HRLIAAWN
as located i.n er above the f{race exit pattern, but they could

al so be | oc4f% a& ePOTtig) f 2-p e %Ppﬁlenﬂiae@mé&afda&aﬁlmw anipyt(gr widl)

two ground o¥ bAdud9SmhiRAll afbindaRldes MO ampém:utf@lai Jﬂﬁmﬁfe@ l&ﬁalamo%%aée%
and they are |l ocated at edges of the openin formed 30in the

ground pl ar®isEKist MmaeEd ifseases & Q’h%zquedpiﬁﬁe &étrw flefinedbythe flagpastionsnd |
255001 at 6 by T CifE B Ui Bl-aPub bk A Rl YA 710 o e
ot her 28r ourige of the 8&1@1’"0@ Tdh eervdsda rejestatdisls cnpﬂcati\ectowlmg beteenphe twodiaces of
differenti Ef‘ljle p%frgp@J)f sYginasvias in the horizontal plane of the circuit board, Previously, capacitive
coupling had been established between the two signal vias 710 in the vertical plane along the
path of the vias through the circuit board, while these flag portions 712 form a transition of the
traces into the horizontal plane. This effectively increases the impedance in this initial transition
25 of the trace exits from the pair of vias 710. The flag portions 712 serve as an initial transition
from the vertical plane to the horizontal plane.
The flag portions 712 are preferably evenly sized and are symmetrical in order to provide
a constant capacitance therebetween. This symmetry extends along an axis that runs between the
pair 710 of vias and between the flag portions 712, This is preferred so as to create an equal
30 path length at the beginning of the exit so as to establish a zero (“0") skew. The flag portions

712 re-establish the coupling in the horizontal plane before the traces “break out” from the vias

and continue their circuit paths along the eireuit hoard. The tiext portions 713 of the circuit
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-17- that is to the left and not shown in FIG 13A The pair
of differential signal vias 551 are |ocated closer to their

associ ated ground via 593a, being spaced away therefrom a di stance
W, which is shorted than the distance W2 the pair is spaced fromthe
ground via 593b. The annul ar collar portions 595 of these ground vias
S5have been renoved as shown on the right half of the ground vias in
FI G 13A s@adehaiklubbiy btk aRbrefXidans artd soid®edt ICFIGE U Arwhealiitaf be 260 that

degrees. Rather, it is preferred that these type of annular collar
portions hH¥ EeepRrtiey as,prelerablyef thgwune widly Their sonte e grmdae vigsattempitiout
180 degr eegbai BihriEiRhRRS Sl to tHdWndin kriceFORBnd A 5 R BGEIGRIRE HelelideS of the
coupling between the 'signal traces exit portions and the ] .
non- associ apaaitey7Haithegrand olaee. Thegma traepartiong g § extend along theenterseminize
of cirguityfr @Ebe"fz%fk nﬂ{I v E@Jéﬁéi%hap?eh&%&{\hg% {i-ﬁigcp]ﬁgas'iﬁhs@&&%%”ce
with the principles oF 't he present 1 hvention. Tn I'S arrangenent,

t wo conducFigues.t indltie 48,0k patiilonecdithe tivp exit porias of he raceswmicathegathiof s
401, 402. Tpeﬂgxit or%}ons of these traces 450a, 450b include one
trace port 'SAM7Y W5 P8 "4°Fi ght bend radius that is nested within the
ot her trace bendstabpitied714 60 the TBtes canrbd @en lextdfitngdoll from eadhdlag partibiitized
as bendi ng bagk upon itself as it 15inhtialky ext end %ron}thfﬁViﬁg
401 t owar d*1418eseEHRPOHIS/dY MEF AN THE iR 2t #8 déf@rpﬂgwa%é thptexiepg from

si gni {4 cantuPpdriond§718 b 18cafbdsURAAEHhEIBYu ISy eb TUMkphatiddrolalihdenBdnti-pad
portion that extends out fromthe via 401 to the other paired via

402. The t prgese/OthEhese angledhgessorionn 7Y thaprmesvidihe reghlat ¢igshit pastions 3ef the
close to t i i . i 1 R h

Che® ol osendast hpt R BIHIPR e gho Bl lehindelehe Yefoorifhsyrhb BalRPORE e BRI
| engt hs. 2@Ph@ plaGApesngs 704 plhslcaenittiaewflagipoRio® 712Gnd angmission line portions

illustrat i i, 1 )
bl ane. super bR Rl Fie SerusEtnd Splnesptcing, Infel b AL ARG ||
t hi s @F oungorief E0afT&G.al Arkeshovines atbim@eiuad web, ghdeithd grouad plancsparveting web

closer tot h Jf ,0f di rential signal wvias.than i -

non- associ B?FEQrP?roosﬂﬂﬁn i }ﬁée‘fﬁl@@s "f:{afﬁflrr rglagﬁo%tﬁbg{s‘? °’H6W§J? #elﬁee%ckm board
portion 478ade icebmpidhestile gdt offgerifg the Sighal BacdOdiode GV groihdplaieli®kr wing the
402 of the via pair. in agrder to, establjsh 25the separation distance.
't then | oSiEesRESEIlRRI [PREtin prdst o mayidas SO BITHRESGIRE FEHUon MRS K o
the interiggtepf the outer via at a desired separation distance.

FIG 17 ill'ustrates another enmbodinment of a circuit board exit .
patt et const r ubeddrtionartdoridmyad PR dreting7 (5 has i sprwsindiiGR HaA gy Edbht
I nvention g Wal 6hhplfikd hafis siRwath FIRE. PlndRbALEANY i880nQ8 «d BmdVe Brough
formed in a printed circuit board. The circuit board 700 is shown in
top plan vitthe g0umtiplare se that ib basadessereiedt preihg testienl roupling thateroupy hptveethe
t hrough ho 21032 end conpl etely through the thickness of

t he circui %’ﬁgygrogg%%%}aﬁ'ﬁdgée vias 702 are spaced apart from each

ot her along both the X and Y direction (or up to down and right |eft

in Fi %S 1§€Qna ra%e7 @)g_gd-ilﬂf?e &rqugement

FIGS. 18-18B illustrate a “triad"-style arrangement 800 of via exit structures. A pair of

differential signal vias 802 are illustrated in FIG. 18 as spaced apart from cach other in the right
to left direction of the Figure. The exit structure of these two vias 802 includes flag portions
804, curved portions 805 and trace portions 806 . A pair of ground vias 810 may be provided

30 outside of the pair of differential signal vias 802 and they may be aligned with the signal vias
802 along a horizontal line. These ground vias 810 are shown in phantom in FIG. 18 and

in¢lud¢ angled trace postions 812 that begin the ground via exit giryeturas, enlarped portions
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- 18- are preferably plated on their interior surfaces 703 so that
they will conductively connect with conductive elenents inserted into

t hem An anti-pad or opening 704 is also shown, and this area
704 is an area in a conductive wound reference plane in which the
conductive netal, i.e. plating, has been renoved. S5lnportantly, this

area conpl etely enconpasses a selected pair 710 of signal vias (and
this pair 1833 ahipomionf81¥ueba iefatiteewidt giater tracelpedibn 61 3. abisivdde tedce pditon

Figures). This pair .710 of vias is intended.tp be used w.t

i $Fer ont i 15 BBy 15 7 SoS et eatdBnTBT R i Frosth SEouibot ok tog e oty
Wil carry pair pRsftbetRi fignal Rk F&Q&m@f}aaﬂﬁé NRAoIRY 1Y shbWebesWRIFIE 184)@nd the
other via of the pair 710 wll cam a negative (-) voltage signal of

the same nel§wical seraragian efdhearpynd yiagmiy victurgseadtbe jigndd vierest BRCRES isdegnal
Vi aS 1Qcol lgetiyehy 1gaNstitute a differential signal via pair 710.
Two ot her vias /718 are shown and they may be positioned along a
common axi s Li {9 @ illfR)es amthes embadiragnt gfragtisrbexitisarectira $¢nin ehich shetgrapd
are connec : 700 - conduct i

openi ng. 70475 ¢ a8l QUAE FuBIE S D04 A i J1IG RODLERRUE Yfucrure
enbodi nment Jliecortheiotherlzola b itht sigitad siaafskowrdrivechedgtabvitdm oppdsédan deibg shown

signal via pair, 15710.. The j i of the, c|.rcui bpard traces as
hoy xRS A oo e <L 0% e cie” e bl i i g e
portign 712lignEhelsag 4 taendixtsilANBIG 18). iIThe fisidaedt@tadxityetivnd 22¢ Jgned

anount (or wdth) of conductive material as conpared to the w dth_ of
their final@lo8gdstaxis By thsitres it PRYARI R the grounthyias saqyn i Kt I@and FIG. 18 are

| ncreases logrd A8m 1204 e oliiRa aBh@d Secoddddhs AIS1. GRIIMGA ARV es! MEsifhaPshd
portion and increases capacitive coupling between the two traces

exi ting fremunthsacgiesit partions 7 be ligned FHenge cROTI0OR exipflt eandesteadropoilti BA.
712 serves

- V€. S
of the par 0k EaRRbRR A0 o ARARES lnfh fHos R Sl dRouhd Packd B
boar d.t5Pr ewvarengsd 3t thecwpaes dfiav énagoap tioglehad been est abl i shed bet ween
the two signal yias 710.1 he vertical pla | ong .t he. pat h.of _the
Ues Thr oueht nEheiodvied Bogttte SiHitea borBerd %Fo By 158 ¢ ARt ol 1y
transiti on tiggh ldab & thingakns N0 Ak vethb exii sttt shplva EFIGT BB, R thiagloitierd Y
i ncreases the inpedance, in this initial transition.250f the trace.
exits fromith&® E%ﬂfons whre the 94 ptracespppiopchgiesdbe sigiakvias P94 ingrdss tominigpjze

initial trasiltd @Budd@tpiing ef ¥ekslemtteadtheng pbﬁi_oﬁMtﬁkQéénKl@%@ﬂrucﬁlréﬂ_@he
The flag portions, 712 aregfreferabl evenly sized and are synmetrical
'aﬁuowdwé

in ordér t&VpEBYICREIAAESALT i et tg e & Wids espter SiERALS thpiixaligned with

SYMet ry exhenasatif Remedt baxl %y&r%qﬁe P RELBEN chd¥S: 04 ih vtk R, 1¥hAS

and between the flag portions 712. This is preferred so as to create

an equal 19 that the trace ground via exit portions initially begin their journey out away from the ground
vias 810, 902 with wide portions 812, 910 that narrow down to thinner portions 814, 912 as
they near their associated signal vias and then join together to form a wide, common

25 {ransmission line trace 8135, 9135,
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30 path length at the beginning of the exit so as to establish a zero
("0") skew. The flag portions 712 re-cstablish the coupling in the
hori zontal plane before the traces "break out” fromthe vias and
continue their circuit paths along the Grcuit board, The next
portions 713 of the circuit -19- The invention clainmed is: |.A
circuit board having a high-speed via systemfor differential signal
circuits, TieORPMtiSh BGimedis: a pair of differential signal vias

di sposed in the circuit board and spaced apart from each ot her al ong
an axis, conductive trace exit portions extending away fromthe
differentjal signali Bﬂa@cﬁhavﬂ{gsa%i?kln—%&d LRy nSto Pl el AN b8 PG RURL her
the signal conductive trace exi portlong joining to correspondi ng
si gnal comduyeisinge transmission line portions that |ead el sewhere on

said circuit board:. ;e ... a .paif.0of,.around. vias .dis ed in i
orreurt boar d STs gifforepiaf s i gL BT it Ry L SRERRS Lol S
di ff er entfr@h esihgniadr aprmigran@kisy¢aaguciive patd ex0f poeddiderichiiag bivag eogrtbeind

exit porti.ons |l eading.away fromthe ground vias and aced apart from
sai d sig n%t?fg@w‘é ﬁ@ﬂ‘f“v"éﬂs},\%_é% logifne B5i5pq dver ﬁ@tfﬁ&reﬁg RS Yhxce
ground exidce RO hbi@idfs joﬂiéﬁg t'gg:oh@ﬂa%hmﬁ b Is Fgﬁalfc@}ﬁcmcﬂyétrﬁlﬁlrﬁssﬁﬂﬂgﬂ%l‘t%ﬁls

ground trace that extends between at |€ast portions of sai
conduct i viBatdpagrrdievihergcmssaid grcuitheardi rcui t board of claim 1, wherein

said single c Hcafl‘agy&ngrv@;}mppgeﬁqﬁ fxtendsedgt %ﬁ%p?&g;ﬂga@hgngéach

conductive trace transmssion I'1tne Bortlons and pa sai 1 gnal
conduct i vaehdrraacaéleaitie gffetentai signaldairiieias) a gait ¢f dooductivefracd gomdlexit

wherein said cqonductive trace ground exit portions have a w dth that
A ows. S U HANES  f a0 P Mt SR e e oo et Bl
di f f er ent ik cgit gB@bon Mhasyvo cohdudiiR t&ks globihd HaBsHHis jEinaigTb dothME FRinn
sai d conductive trace ground portions are spaced apart from said

axis. 5.2shgegpndugiive Sowddrase that gxterds betirrsp at Igass Apdiogs oflsse! canductivee
di sposed gl ong,said axis. 6. The circuit board of claim5, wherein
said diffefential signal vias are di sposed

2. The circuit board of claim 1, wherein said single conductive ground trace extends
between said signal conductive trace transmission line portions and part of said signal

conductive trace exit portions.

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

differential signal vias.

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

spaced apart from said axis.

5. The circuit board of claim 1, wherein said ground vias are disposed along said
axis.
6. The circuit board of claim 5, wherein said differential signal vias are disposed



bet ween said ground conductive trace exit portions and said signal
conductive transm ssion line portions. 7. The circuit board of claim
5, wherein said ground conductive trace exit portions are di sposed
bet ween said differential signal vias and said signal conductive
transm ssion line portions. 8. Acircuit board having a high-speed
via systemfor differential signal circuits, conprising: a pair
of differgalvial safi %6@16 dohasctiit SRESa foidhan€ bdi€ libhalReaAnRiand spaced
apart from each other along an axis, signal conductive trace exit
portions @epesod ling partiong.st | ayer of said circuit board, the signal
conductive trace exit portions extending away fromthe differential
signal vias and toward each other along a first axis, the signa
conduct i V& tr athe @it bpor of clagn powvimreig stid goond espbrtdingasicgiabrtions
conductive _transmnission li ortions that |ead.el sewhere aon said
cireutt pos ol betleg s DREPALLORR Bhd FBLu SR SRE S JPhoRRister
board andispaeeshsapart from each other outside of said differential
signal vias, a pair of ground conductive trace exit portions disposed
in a second | ayer of said circuit board, the ground conductive trace
exit portgons exhendhdigy RWaYe 4 hi3Msba il SRE 4} ddreandal MBI digReh
other along a second axis, said ground conductive trace exit portions
bei ng spasweprgpwrt from said signal conductive trace exit portion,
the two conductjive drace ground exit rt.lons.: nergi n ether t.o
form a st ngl o arocrr A6 SuR 0L e L RO% ! ShF ah SR el o

| east por fro@ractodthaailchgeansisciipve condynade tidcaers portidns diggosed mcufidst
board of claim@8, wherein said single conductive 9round trace extends
bet ween s@YE Orspisaﬂﬁlmﬁ PRIt LS Eena Suehveiess &4 BHTPIHE PSRy 1oy
part of s@idiffdafal sisndIAs bhy R wakB&Rh Sitlet alBRY 4 iR0axis, hdsigddl ofdubGid t
board of claim8, wherein said ground conductive trace exit portions
have a wi@9§ Sk RPITAT [OUBS WscosrgpRPnging italccondiseive ansmigden ling portions
portions Sald-di: 1 tal signal vias. |I1.The circuit
board of @ %?ﬂf%,%ﬁﬁgﬁg#%mg%ﬁ%ﬁéﬁgﬁhd conductive trace exit portions
ext end al ong aa pecdmlowxisastdigiosddsinspid ceduitipard arfd spareaslapdrt dpoirsgach
gi-lzs-rl)_gg egl (rétﬁfglkcéltsg%a%‘%ggrdé&érgﬁt% gi’gne\l,m(i:'\e{s% Igairs & gcrloﬂrrdoc%g uctiveTrall exit

portions disposed in a second layer of said circuit board, the ground conductive trace exit

portions extending away from the ground vias and toward each other along a second axis,
said ground conductive trace exit portions being spaced apart from said signal conductive
trace exit portion, the two conductive trace ground exit portions merging together to form
a single ground conductive ground trace that extends between at least portions of said

conductive signal traces.

9. The circuit board of claim 8, wherein said single conductive ground trace extends
between said signal conductive trace transmission line portions and part of said signal

conductive trace exit portions.
10.  The circuit board of claim 8, wherein said ground conductive trace exit portions

have a width that narrows as said ground conductive trace exit portions extend near said

differential signal vias.
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11.  The circuit board of claim 8, wherein said ground conductive trace exit portions

extend along a second axis that is spaced apart from said axis.

12. The circuit board of claim 8, wherein said ground vias are disposed along said

axis.
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