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PRINTED CIRCUIT BOARD HAVING ORTHOGONAL SIGNAL ROUTING

BACKGROUND

{08811  Typically, a printed circuit board includes a plurality of elecirically conductive
lavers and electrically insualiive layers that are interleaved between adjacent ones of the
electrically conductive layers. The electrically conductive layers can include electrically
conductive ground layers and electrically conductive signal layers. Conventional printed circuit
boards have an arrangement of plated through holes, or vias, that are arranged along a plurality
of Hnear arrays that include ground vias and signal vias. The signal vias can be arranged in
differential signal pairs that are separated by one or more ground vias along the respective linear
array. Conventional printed circuit boards contain routing channels that each contain respective
sets of differential signal traces that are clectrically connected to the signal vias. The routing
channels, and thus the signal traces, are normally located in a signal layer above or below the
ground layer. These routing channels typically located between adjacent linear arrays and extend

paraliel to the linear arrays.

SUMMARY

[0662] In accordance with one embodiment, a printed circuit board defining a front
card edge. The printed circuit board can inchude a first linear array of vias including at least one
first ground via and at least one first signal via, and a second lnear array of vias spaced from the
first linear array along a first direction. The second linear array can include at least one second
ground via and at least one second signal via, wherein each of the first and second linear arrays
of vias extends along a second direction that is perpendicular to the first direction and parallel to
the front card edge. The printed circuit board can further include a first electrical sigual trace
defining a first end that is electrically connected to the first signal via, a first region that extends
along the second direction, and a second region that extends slong the first direction. The
printed circuit board can further include a second electrical signal trace defining a first end that is
glectrically connected to the second signal via, a first region that extends along the second

direction, and a second region that extends aloug the first direction,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0883] The foregoing summary, as well as the following detailed description of an
example embodiment of the application, will be better understood when read in conjunction with
the appended drawings. For the purposes of illustrating the present disclosure, there is shown in
the drawings an example embodiment. It should be understood, however, that the application is
not limited to the precise arrangements and instrumentalities shown. In the drawings:

[6004] Fig. 1A is a perspective view of an electrical connector assembly constructed in
accordance with another embodiment, including first and second substrates, a first electrical
connector configured to be mounted to the first substrate, a second electrical connector that is
orthogonal to the first connector and configured to be mounted to the second substrate, wherein
the first and second electrical connectors are configured to be directly mated with each other;

{00605] Fig. 1B is a sectional side elevation view of the first electrical connector
illustrated in Fig. 1A;

{0006] Fig. 1C is a perspective view of the second electrical connector llustrated in
Fig. 14A;

{0867} Fig. 2 is a perspective view of the electrical connector assembly electrical
connector assembly as illustrated in Fig. 1, but further including a midplane assembly, wherein
the first and second electrical connectors are configured to be mated to each other through the
midplane assembly;

[8668] Figs. 3A is a top plan view of g first section of a printed circuit board
constructed in accordance with one embodiment;

[06809] Fig. 3B is a top plan view of a second section of the printed circuit board
illustrated in Fig. 3A; and

[6818] Fig. 3C is a perspective view of a portion of the printed circuit board illustrated

in Figs. 3A and 3B,

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[8011] In accordance with the various embodiments disclosed herein, a printed circuit
board includes a signal layer with a first routing channel disposed between a pair of first and
second linear arrays that each include ground vias and signal vias. The first routing channel can
include a first plurality of electrical signal traces that are in electrical communication with
respective first ones of the signal vias of a select one of the first and second linear arrays. The
first routing channel, and thus each of the first plurality of signal traces, may include a first

portion that extends in a first direction parallel to a printed circuit board (PCB) card edge and a

¥
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second portion which extends relative to the first portion in a second direction away from the
card edge. For example, the second direction may be perpendicular to the first direction. The
signal layer can further include a second routing channel disposed between the same pair of first
and second lingar arrays. The second routing channel can include a second plurality of electrical
signal traces that are in electrical communication with respective second ones of the signal vias
of the select one of the first and second Hnear arrays. The second ones of the signal vias are
different than the first ones of the signal vias. The second routing channel, and thus each of the
second signal traces, can include a first portion that extends in a third direction that is paraliel to
the PCB card edge and further parallel to the first direction and opposite the first direction.
Thus, the first portions of the first and second routing channels may extend along the PCB card
edge. The second routing channel, and thus each ofthe second plurality of signal vias, may also
include a second portion that extends relative to the first portion in the second direction.

[8613] The present disclosure may be understood more readily by reference to the
following detatled description taken in connection with the accompanying figures and examples,
which form a part of this disclosure. It is to be understood that the present disclosure is not
himited to the specific devices, methods, applications, conditions or parameters described and/or
shown herein, and that the terminology used herein is for the purpose of describing particular
embodiments by way of example only and is not intended to be limiting of the claimed
invention. Also, as used in the specification including the appended claims, the singular forms
“a,” “an,” and “the” include the plural, and reference to a particular numerical value includes at
least that particular value, unless the context clearly dictates otherwise. The term “plurality”, as
used herein, means more than one. When a range of values is expressed, another embodiment
includes from the one particular value and/or to the other particular value, Similarly, when
values are expressed as approximations, by use of the antecedent “about,” it will be understood
that the particular value forms another embodiment. All ranges are inclusive and combinable,

{B813] It is to be appreciated that certain features of the present disclosure which are,
for clarity, described herein in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the present disclosure that
are, for brevity, described in the context of a single embodiment, may also be provided
separately or in any sub combination. Further, reference to values stated in ranges include each
and every value within that range. Unless otherwise noted, common reference numbers among
the Figures should be understood to refer to the same or similar featores.

{0014} Referring to Figs. 1A-C, an elecirical connector assembly 10 includes a first

electrical connector 100, a second electrical connector 200 configured to be mated with the first
-3 -
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electrical connector 100, a first substrate configured as a first printed circuit board 300s, and a
second substrate configured as a second printed circuit board 300b. For instance, the first printed
circuit board 300a can be configured as a backplane, or alternatively can be configured as a
midplane, daughter card, or any suitable alternative electrical component. The second printed
circuit board 300b can be configured as a daughter card, or can aliernatively be configured as a
backplane, a midplane, or any suitable alternative electrical component. The first electrical
comnector 13 can be configured to be mounted to the first printed circuit board 300a so as to
place the first electrical connector 100 in electrical communication with the first printed circuit
board 300a. Similarly, the second electrical connector 200 can be configured to be mounted to
the second printed circuit board 300b so as to place the second electrical connector 200 in
electrical communication with the second printed circuit board 300b. The first and second
electrical connectors 100 and 200 are further configured to be mated with each other along a
mating direction s0 as to place the first electrical connector 100 in electrical communication with
the second electrical connector 200, The mating direction can, for instance, define a longitudinal
direction L. Accordingly, the first and second electrical connectors 100 and 200 can be mated {o
one another 50 as to place the first printed circuit board 300a in electrical communication with
the second printed circuit board 300b.

18015] The first electrical connector 100 can define a mating interface 102 and a
mounting interface 104. Similarly, the second electrical connector can define a mating interface
202 and a mounting interface 204, The first electrical connector 100 and the second electrical
connector 200 are configured to mate with each other at the respective mating interfaces 102 and
202. The first electrical connector 100 is configured to be mounted to the first printed circuit
board 300a at the mounting interface 104. Similarly, the second elecirical connector 100 is
configured to be mounted to the second printed circuit board 300b at the mounting interface 104.
In accordance with the illustrated embodiment, the first electrical connector 100 can be
constructed as a right-angle electrical connector whereby the mating interface 102 is oriented
perpendicular with respect to the mounting interface 104, Alternatively, the first electrical
connector 100 can be configured as a vertical electrical connector whereby the mating interface
102 is oriented parallel with respect to the mounting interface 104, Further, in accordance with
the illustrated embodiment, the second electrical connector 200 can be constructed as a right-
angle electrical connector whereby the mating interface 202 is oriented perpendicular with
respect to the mounting interface 204. Alternatively, the second electrical connector 200 can be
configured as a vertical electrical connector whereby the mating interface 202 is oriented parallel

with respect to the mounting interface 204.
-4 -
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{0016] As illustrated in Fig. I, when the first electrical connector 100 is mounted to the
first printed circuit board 300s, the second electrical connector 200 is mounted to the second
printed circuit board 300b, and the first and second electrical connectors 100 and 200 are mated
with each other, the mounting interfaces 104 and 204 are oriented orthogonal with respect to
each other. Thus, it can be said that the first and second electrical connectors 100 and 200 are
orthogonal with respect to each other when mated 1o each other. For instance, the mounting
interface 104 of the first electrical connector 100 is oriented along a plane that is defined by the
longitudinal direction L and a transverse direction T that is perpendicular to the longitudinal
direction L. The mounting interface 204 of the second electrical connector 200 is oriented along
a plane that is defined by the longitudinal direction L and a lateral direction A. The lateral
direction A is oriented perpendicular to both the longitudinal direction L and the transverse
direction T. Thus, the first and second printed circuit boards 300a and 300b that are mounted to
the first and second electrical connectors 100 and 200, respectively, are oriented orthogonal to
each other. Accordingly, the electrical connector assembly 10 can be referred to as an
orthogonal conuector assembly.

{00171 It should be appreciated, of course, that the electrical connector assembly 10 can
be alternatively constructed in any manner as desired. For instance, the electrical connector
assembly 10 can be a co-planar electrical connector assembly whereby the first and second
electrical connectors 100 and 200 are constructed such that the first and second printed circuit
boards 300a and 300b are oriented along planes that are each defined by the same two directions,
such as the longitudinal direction L and the lateral direction A. Thus, the mounting interfaces
104 and 204 can also be defined by the same two directions that are perpendicular to each other,
such as the longitudinal direction L and the lateral direction A. Alternatively still, one of the first
and second electrical connectors 100 and 200 can be configured as a vertical connector, while the
other of the first and second electrical connectors 100 and 200 can be configured as a right angle
connector, such that the first and second printed circuit boards 300a and 300b arc oriented
perpendicular with respect to each other. For instance, one of the mounting interfaces 104 and
204 can be oriented in a plane defined by the lateral direction A and the transverse direction T,
and the other of the mounting interfaces 104 and 204 can be oriented in a plane defined by the
longitudinal direction L and the lateral direction A,

[B018] The longitudinal direction L and the transverse direction T can be oriented in g
horizontal direction, and the lateral direction A can be oriented in a vertical direction, though it
should be appreciated that these directions may change depending, for instance, on the

orientation of the electrical connector assembly 10 during use. Unless otherwise specified
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herein, the terms “lateral,” “longitudinal,” and “transverse” as used to describe the orthogonal
directional components of various components and do not timit to specific differential signal pair
configurations. Further, the term “inward,” “inner,” “inboard,” and words of similar import refer
{0 a direction toward a center of a structure, while the terms “outward”, “outer,” “outboard” and
words of similar import refer to a direction away from the center of the structure.

[6019] Referring again to Figs. 1A-C, the first electrical connector 100 can include a
dielectric, or electrically insulative connector housing 106 and a plurality of electrical contacts
{50 that are supported by the connector housing 106. For instance, the first electrical connector
100 can include a plurality of leadframe assemblies 130 that include respective dielectric or
electrically insulative leadfrarne housings 132 and select ones of the plorality of electrical
contacts 150 supported by the leadframe housings 132. Thus, the electrical contacts 150 can be
supported by respective ones of the leadframe housings 132 which, in turn, are supported by the
connector housing 106, Alternatively, the electrical contacts 150 can be supported directly by
the connector housing 106. The electrical contacts 150 can include electrical signal contacts 152
can be overmolded by respective ones of the leadframe housings 132, or can alternatively be
stitched into the leadframe housings 132, Each of the leadframe assemblies 130 can further
include a ground plate 168 that is supported by the leadframe housing 132. The ground plate 168
can be electrically conductive. The ground plate 168 can be metallic. The ground plate 168 can
include an electrically conductive or nonconductive lossy material. Thus, the ground plate 168
can define a shield that reduces crosstalk between adjacent ones of the leadframe assemblies 130.
The ground plate 168 can include ground mating ends 172 and ground mounting ends 174, The
signal contacts 132, the ground mating ends 172, and the ground mounting ends 174 can be
included in the plurality of electrical contacts 150.

[8620] The plurality of electrical contacts 150 can be referred to as a first plurality of
electrical contacts with respect to the electrical connector assembly 10. The plurality of
electrical contacts 150 can include a first plurality of signal contacts 152 that define respective
mating ends 156 and mounting ends 158 opposite the mating ends 156. Similarly, the plurality
of electrical contacts 150 can include a first plurality of ground mating ends 172 and ground
mounting ends 174 opposite the ground mating ends 172, The ground mating ends 172 and
ground mounting ends 174 can be monolithic with respective ones of a plurality of electrically
conductive ground plates 168, Alternatively, the ground mating ends 172 and the ground
mounting ends 174 can each be defined by respective individual clectrical ground contacts as
desired. The mating ends of the elecirical contacts 150 can include the mating ends 156 and the

ground mating ends 172. Similarly, the mounting ends of the electrical contacts 150 can include
-
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the mounting ends 158 and the ground mounting ends 174. The mounting ends of the ¢lectrical
contacts 150 can be configured as desired so as to be placed in elecirical communication with
respective mounting locations of the first printed circuit board 300a. For instance, the mounting
ends of the electrical contacts 150 can be configured as press-fit tails, surface mount members, or
can include fusible elements such as solder balls.

{80211 The mating ends of the electrical contacts 150 of each of the leadframe
assemblies 130 can be arranged and aligned along a column direction, which can be defined by
the transverse direction T in accordance with the illustrated embodiment. The electrical contacts
150 can be arranged such that adjacent ones of the electrical signal contacts 152 along the
column direction can define pairs 166, The leadframe assemblies 130 can be disposed adjacent
each other along a row direction that is perpendicular to the column direction. The row direction
can be defined by the lateral direction A, Each pair 166 of electrical signal contacts 152 can
define a difforential signal pair. Each of the ground mating ends 172 can be disposed adjacent
mating ends 136 of'the pairs of electrical signal contacts 132 along the column direction. For
instance, ones of the ground mating ends 172 can be disposed between iromediately adjacent
ones of the pairs 166 of electrical signal contacts 166 along the column direction. Similarly,
gach of the ground mounting ends 174 can be disposed adjacent ones of the mounting ends 138
of the pairs 166 of electrical signal contacts 152 along respective linear arrays that are oriented in
the transverse direction T.

160221 The electrical contacts 150 can be constructed as right angle contacts, whereby
the mating ends are oriented perpendicular to the mounting ends. In accordance with one
embodiment, electrical contacts can be orthogonal, such that the mounting ends 138 of the signal
contacts 152 of each of the pairs 166 can be spaced from cach other along a select direction,
which is the same direction as the direction that the mating ends 156 of the signal contacts 152 of
each of the pairs 166 are spaced from each other. Thus, ones of the ground mounting ends 174
can be disposed between immediately adjacent ones of the mounting ends 138 of the pairs 166 of
electrical signal contacts 166 along the select direction, Similarly, ones of the ground mating
ends 172 can be disposed between immediately adjacent ones of the mating ends 136 of the pairs
166 of electrical signal contacts 166 along the select divection. Otherwise siated, the mating ends
of the electrical contacts 150 of each leadframe assembly 130 can be spaced from each other in
the select direction, and the mounting ends of the electrical contacts of each leadframe assembly
can be spaced from each other in the select direction. The seleet direction can be the transverse
direction T. Alternatively, the mating ends of the electrical contacts 150 of each [cadframe

assembly 130 can be spaced from each other in the select direction, and the mounting ends of the
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electrical contacts of each leadframe assembly can be spaced from each other in a second
direction that is perpendicular to the seleet direction. For instance, the second direction can be
the longitudinal direction L. The first electrical connector 100 can, for instance, be configured as
described in U.S. Patent Application Serial No. 13/836,610, filed March 15, 2013, the disclosure
of which is hereby incorporated by reference as if set forth in its entirety herein. Alternatively
still, the mating ends of the electrical contacts 150 can be configured as vertical contacts,
whereby the mating ends are oriented paralle! to the mounting ends.

{88231 The electrical contacts 130, can include any repeating contact patiern as in each
of the desired in the first direction, inchuding $-8-G, G-S-8, §-G-S, or any suitable alternative
contact pattern, where “8” represents an electrical signal and “G” represents a ground. The
plurality of leadframe assemblies 130 can include at least one first leadframe asserobly 130a,
including a phurality of first leadframe assemblies 130a, that can each include a first repeating
contact pattern. The plurality of leadframe assemblies 130 can include at least one second
leadframe assembly 130b, including a plurality of second leadframe assemblies 130b, that can
cach include a second repeating contact pattern that is the same or different than the first
repeating contact pattern. For instance, the first repeating contact pattern of G-8-8 along the
column direction. The cutermost one of the electrical contacts 150 along the cohumn canbe g
single widow contact that can be overmolded by the leadframe housing or stitched into the
leadframe housing as described with respect to the electrical signal contacts 152, It should be
appreciated for the purposes of clarity that reference to the signal contacts 152 includes the
single widow contacts. The second repeating contact pattern can be a 3-8-5 pattern along the
second direction, such that the outermost electrical contact 150 along the colurnu can be a single
widow contact. The single widow contact of the second leadframe assemblies 130b that is
disposed opposite the widow contact of the first plurality of leadframe assemblies 130a. The
single widow contacts can be single-ended signal contacts, low speed or low frequency signal
contacts, power contacts, ground contacts, or some other utility contacts.

[6024] With continuing reference to Figs. 1A-C, the second electrical connector 200
can include a dielectric, or electrically insulative connector housing 206 and a plurality of
electrical contacts 250 that are supported by the connector housing 206. For instance, the second
electrical connector 200 can include a plurality of leadframe assemblies 230 that include
respective dielectric or electrically insulative leadframe housings 232 and select ones of the
plurality of electrical contacts 250, such as signal contacts 252, supported by the leadframe
housings 232, Thus, the signal contacis 252 can be supported by respective ones of the

leadframe housings 232 which, in turn, are supported by the connector housing 206.
(=] 1*1 7
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Alternatively, the electrical signal contacts 252 can be supported directly by the connector
housing 206. The signal contacts 252 can be overmolded by respective ones of the leadframe
housings 232, or can alternatively be stitched into the leadframe housings 232. Each of the
leadframe assemblies 230 can further include a ground plate 268 that is supported by the
leadframe housing 232. The ground plate 268 can be electrically conductive. The ground plate
168 can be metallic. The ground plate 168 can include an electrically conductive or
nonconductive lossy material, Thus, the ground plate 268 can define a shield that reduces
crosstalk between adjacent ones of the leadframe assemblies 230. The ground plate 268 can
include ground mating ends 272 and ground mounting ends 274. The signal contacts 252, the
ground mating ends 172, and the ground mounting ends 274 can be included in the plurality of
electrical contacts 250,

[8025] The plurality of elecirical contacts 250 can be referred to as a second plurality of
electrical contacts with respeet to the electrical connector assembly 10. The plurality of
electrical contacts 250 can include a second plurality of signal contacts 252 that define respective
mating ends 256 and mounting ends 258 opposite the mating ends 256. Similarly, the plurality
of electrical contacts 250 can include a second plurality of ground mating ends 272 and ground
mounting ends 274 opposite the ground mating ends 272. The ground mating ends 272 and
ground mounting ends 274 can be monolithic with respective ones of a plurality of electrically
conductive ground plates 268, Alternatively, the ground mating ends 272 and the ground
mounting ends 274 can each be defined by respective individual electrical ground contacts as
desired. The mating ends of the electrical contacts 250 can include the mating ends 256 and the
ground mating ends 272. Similarly, the mounting ends of the electrical contacts 250 can include
the mounting ends 258 and the ground mounting ends 274. The mounting ends of the electrical
contacts 150 can be configured as desired so as to be placed in electrical communication with
respective mounting locations of the second printed circuit board 300b. For instance, the
mounting ends of the electrical contacts 250 can be configured as press-fit tails, surface mount
members, or can include fusible elements such as solder balls.

{0026] The mating ends of the electrical contacts 250 of each of the leadframe
assemblies 230 can be arranged and aligned along a column direction, which can be defined by
the transverse direction T in accordance with the illustrated embodiment. The electrical contacts
250 can be arranged such that adjacent ones of the electrical signal contacts 252 along the
column direction can define pairs 266. The leadframe assemblies 230 can be disposed adjacent
each other along a row direction that is perpendicular to the column direction. The row direction

can be defined by the lateral direction A. Fach pair 266 of electrical signal contacts 252 can
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define a differential signal pair. Bach of the ground mating ends 272 can be disposed adjacent
mating ends 136 of the pairs of elecirical signal contacts 252 along the column direction. For
instance, ones of the ground mating ends 272 can be disposed between immediately adjacent
ones of the pairs 266 of electrical signal contacts 266 along the column direction. Similarly,
each of the ground mounting ends 274 can be disposed adjacent ones of the mounting ends 258
of the pairs 266 of electrical signal contacts 232 along respective linear arrays that are oriented in
a direction that is perpendicular to the column direction. For instance, the linear array direction
can be the longitudinal direction L.

[3827] The electrical contacts 250 can be constructed as right angle contacts, whereby
the mating ends are oriented perpendicular to the mounting ends. For instance, the mating ends
of the electrical contacts 250 of each leadframe assembly 230 can be spaced from each other in a
select direction, and the mounting ends of the electrical contacts 250 of each leadframe assembly
230 can be spaced from each other in a second direction that is perpendicular to the select
direction. For instance, the select divection can be the transverse direction 7. The second
direction can be the longitudinal direction L. Alternatively, the electrical contacts 250 can be
orthogonal as described above with respect to the electrical contacts 150, Alternatively still, the
mating ends of the electrical contacts 150 can be configured as vertical contacts, wherehy the
mating ends are oriented parallel to the mounting ends. The second electrical connector 200 can,
for instance, be configured as described in U.S. Patent Application Serial No. 13/836,610, filed
March 15, 2013, the disclosure of which is hereby incorporated by reference as if set forth in its
entirety herein.

[B828] The electrical contacts 250, can define any repeating contact pattern as in each
of the desired in the first direction, including $-8-G, G-8-8, 8-G-8, or any suitable alternative
contact pattern, where “8” represents an electrical signal and “G” represents a ground. The
plurality of leadframe assemblies 230 can include at least one first leadframe assembly 230a,
including a plurality of first lcadframe assemblics 230a, that can cach define a first repeating
contact pattern. The plurality of leadframe assemblies 230 can include at least one second
leadframe assembly 230b, including a plurality of second leadframe assemblies 230b, that can
each define a second repeating contact pattern that is the same or different than the first repeating
contact pattern. For instance, the first repeating contact pattern of G-58-8 along the column
direction. The outermost electrical contact 250 along the column can be a single widow contact
that can be overmolded by the leadframe housing or stitched into the leadframe housing as
described with respect to the electrical signal contacts 252. 1t should be appreciated for the

purposes of clarity that reference to the signal contacts 252 includes the single widow contacts.
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The second repeating contact pattern can be a G-8-8 pattern along the second direction, such that
the outermost electrical contact 250 along the columa can be a single widow contact. The single
widow contact of the second leadframe assemblies 230b that is disposed opposite the widow
contact of the first plurality of leadframe assemblies 230a. The single widow contacts can be
single-ended signal contacts, low speed or low frequency signal contacts, power contacts, ground
contacts, or some other utility contacis.

[6828] Referring again to Fig. 1 the first and second connectors 100 and 200 are
configured to mate directly to each other at their respective mating interfaces 102 and 202,
Accordingly, the electrical contacts 150 and 250 can mate directly to each other. Thus, the
electrical contacts 150 and 250 physically and electrically conngct to each other at their
respective mating ends. That is, the mating ends 156 and mating ends 256 physically touch each
other when the first and secoud electrical connectors 100 and 200 are mated to each other,
Further, the ground mating ends 172 and 272 physically touch each other when the first and
second electrical connectors 100 and 200 are maied to each other. In accordance with one
embodiment, the electrical contacts 156 of the first leadframe assemblies 130a mate with
respective ones of the electrical contacts 230 of the first leadframe assemblics 230a. Similarly,
the electrical contacts 150 of the second leadframe assemblies 130b mate with respective ones of
the electrical contacts 250 of the second leadframe assemblies 230b.

[0630] Alternatively, as illustrated in Fig. 2, the first and second clecirical connectors
100 and 200 can mate with each other indirectly. Thus, the electrical contacts 150 and 250 can
be placed in electrical communication with each other without physically touching each other.
In accordance with one embodiment, electrical connector assembly 10 can include a midplane
assembly 175 that is configured to directly mate with each of the first and second electrical
connector 100 and 200 so as to place the respective electrical contacts 150 and 250 in electrical
communication with each other. The midplane assermbly 175 can include a third substrate,
which can be configured as a third printed circuit board 300¢. The third printed circuit board
300c¢ can provide a midplane of the midplane assembly 175, The midplane assembly 175 can
further include first and second midplane electrical connectors 100° and 200°, which can be
vertical electrical connectors, each configured to be mounted to the third printed circuit board
300c¢ so as to be placed in electrical communication with each other through the midplane, For
instance, the first midplane elecirical connector 100° can be mounted 1o a first side of the
midplane, and the second midplane elecirical connector 2007 can be mounied 1o a second side of
the midplane that is opposite the first side, for instance along the longitudinal direction L. The

first midplane electrical connector 10{ is configured o mate with the first electrical connector
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100, and the second midplane electrical connector 200” is configured to mate with the second
electrical connector 200 so as to place the first and second electrical connectors 100 and 200 in
electrical communication with each other through the midplane assembly 175, The first and
second midplane electrical connectors 100° and 200” can be construcied in accordance with any
embodiroent described herein with respect to first and second electrical connectors 100 and 200,
unless otherwise indicated. For instance, the first and second electrical connectors 100° and 200°
can include respective leadframe assemblies 130° and 230" as described above. The mounting
ends of the electrical contacts 150” and 250° of the first and second midplane electrical
connectors 100° and 200” extend into opposite ends of common vias that extend through the
midplane so as to electrically connect the first and second midplane electrical connectors 100°
and 200 to each other through the midplane.

[0031] Referring now to Figs. 3A-3C, a printed circuit board, which can be the first
printed circuit board 300a illustrated in Figs. 1A-2, be configured as a daughter card or
alternatively constructed circuit board that is configured to be placed in clectrical communication
with the electrical contacts 150 of the complementary first electrical connector 100 that is
mounted to the printed circuit board 300a. For instance, the printed circuit board 300a can
include a dielectric or electrically insulative material, such as such as glass-filled or glass
impregnated epoxy, electrical signal mounting locations supported by the electrically insulative
material, and electrical ground mounting locations supported by the electrically insulative
material. The signal mounting locations are configured to be placed in electrical communication
with mounting portions of electrical signal contacts of the complementary electrical connector,
and the ground mounting locations are configured to be placed in electrical communication with
mounting portions of electrical ground contacts of the complementary electrical connector. For
instance, the signal mounting portions can be configured as signal vias S that define respective
electrically plated holes, and the ground mounting portions can be configured as ground vias G
that define respective electrically plated holes. The signal vias S are configured to receive press-
fit tatls of electrical signal contacts of the complementary clectrical connector, and the ground
vias ( are configured to receive press-fit tails of electrical ground contacts of the complementary
electrical conngctor. It should be appreciated that the signal mounting portions and ground
mounting portions can alternatively be configured as contact pads that are configured to be
placed in contact with the respective mounting portions of the signal contacts and ground
contacts of the complementary electrical connector that are surface mounted to the contact pads.
The signal mounting portions are in electrical communication with respective signal traces 318

that are configured to route ¢lectrical signals along the printed circuit board 300a.
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{0032] In accordance with the illustrated embodiment, the printed circuit board 300a
can be generally planar along a first direction 302 and a second direction 304 that is
perpendicular with respect to the first direction 302, For instance, when the first electrical
connector 100 is an orthogonal electrical connector and mounted to the printed circuit board
300a, the first direction 302 can be the longitudinal direction L, and the second direction 304 can
be the transverse direction T. When the first electrical connector 100 is a right-angle connector,
the first direction 302 can be the longitudinal direction 1, and the second direction 304 can be the
lateral direction A. When the first electrical connector 100 is a vertical electrical connector, the
first direction 302 can be the lateral direction A, and the second direction 304 can be the
transverse direction T.

[B633] The printed circuit board 300a has a length that extends along the first direction
302 and a width that extends along the second direction 304. The length 302 can be equal to,
greater than, or less than, the width 304. The printed circuit board 300a further has a thickness
that extends along a third direction 306 that is perpendicular to each of the first direction 302 and
the second direction 304.

{0034] 'The printed circuit board 300a can include at least a first section 310a illustrated
in Fig. 3A, and a second section 310b. The first section 310a can include at least one electrically
conductive layer 312, such as a plurality of electrically conductive layers 312. The electrically
conductive layers 312 can include a first electrically conductive layer 312a and a second
electrically conductive layer 312b. In onc embodiment, the first and second conductive layers
312a and 312b can be consecutive electrically conductive layers. Thus, the second electrically
conductive layer 312b can be disposed below the first electrically conduetive layer 312a along
the third direction 306. Accordingly, the first electrically conductive layer 312a can be referred
1o as an upper electrically conductive layer, and the second electrically conductive layer 312b
can be referred to as a lower electrically conductive layer. Each of the first and second
electrically conductive layers 3124 and 312b can be substantially planar along respective planes
that are defined by the first and second directions 302 and 304.

[6035] The first electrically conductive layer 312a can be configured as an electrical
signal laver, and the second electrically conductive layer 312b can be configured as an
electrically conductive ground layer. Because the first electrically conductive layer 312ais
included in the first section 310a of the printed circuit board 300a, the first electrically
conductive layer 312a can be referred to as a first electrical signal laver. Similarly, because the
second electrically conductive layer 312b is included in the first section 310a of the printed

circuit board 300a, the second electrically conductive layer 312b can be referred to as a first
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electrical ground layer. The first electrical signal laver 312a can include an electrically

insulative material 316, and at least one electrical signal trace 318, such as a plurality of
electrical signal traces 318, supported by the electrically insulative material. Differential signal
traces of each pair are preferably spaced closer to cach other than a spacing between immediately
adjacent pairs of differential signal traces. For instance, the first electrical signal layer 312a can
define a plurality of routing channels 319 that each contain at least a select one, such as select
plurality, of the electrical signal traces 318, The first electrical ground 312b can include an
electrically conductive material that can be disposed between electrical signal layers so as to
provide shielding between the electrical signal layers. The electrically conductive material of the
first electrical ground layer 312b can be copper or any suitable alternative electrically conductive
material,

[6636] 'The printed circuit board 300a can further include at least one dielectric or
electrically insulative layer 314, such as a plurality of dielectric or electrically insulative layers
314 that are alternatingly arranged with the electrically conductive layers 312 along the third
direction 306. Thus, the electrically insulative layers 314 are configured to electrically isolate
two immediately adjacent ones of the consecutive conductive layers 312 from one another. The
dielectric layers 314 may be comprised of any suitable electrically insulative material, such as
such as glass-filled or glass impregnated epoxy, that prevents the tlow of electricity
therethrough. The electrically insulative layers 314 can include a first electrically insulative
layer 314a and a second electrically insulative layer 314b. The first and second electrically
insulative layers 314a and 314b can be arranged consecutively along the third direction. Thus,
the second elecirically insulative layer 314b can be disposed below the first electrically
insulative layer 314a along the third direction 306. Accordingly, the first electrically insulative
fayer 314a can be referred to as an upper electrically insulative layer, and the second electrically
insulative layer 314b can be referred to as a lower electrically insulative layer. Each of the first
and second electrically insulative layers 314a and 314b can be substantially planar along
respective planes that are defined by the first and second directions 302 and 304.

[8837] The clectrically conductive layers 312 and the electrically insulative layers 314
can be alternatingly arranged with respect to each other along the third direction 306. Thus, the
first electrically insulative layer 314a can be disposed between the first electrically conductive
layer 3123 and the second electrically conductive layer 312b. The second electrically conductive
Jayer 312b can be disposed between the first electrically insulative layer 314a and the second

electrically insulative layer 314b,
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[6838] Similarly, the second section 310b can include at least one electrically
conductive layer 322, such as s plurality of electrically conductive layers 322. The electrically
conductive layers 322 can include a third electrically conductive layer 3223 and a fourth
electrically conductive layer 322b. In one embodiment, the third and fourth electrically
conductive layers 322a and 322b can be consecutive electrically conductive layers. Thus, the
fourth electrically conductive layer 322b can be disposed below the third electrically conductive
layer 322a along the third direction 306. Accordingly, the third electrically conductive layer
322a can be referred to as an upper electrically conductive layer of the second section 310b, and
the fourth electrically conductive layer 322b can be referved to as a lower electrically conductive
layer of the second section 310b. Each of the third and fourth electrically conductive layers 322a
and 322b can be substantially planar along respective planes that are defined by the first and
second directions 302 and 304.

{6639] The third electrically conductive layer 322a can be configured as an electrical
signal layer, and the fourth electrically conductive layer 322b can be configured as an electrically
conductive ground layer. Because the third electrically conductive layer 322a is included in the
second section 310b of the printed circuit board 300a, the third electrically conductive layer 322a
can be referred to as a second electrical signal layer, Similarly, because the fourth electrically
conductive layer 322b is included in the second section 310b of the printed circuit board 300a,
the fourth elecirically conductive layer 322b can be referred to as a second electrical ground
layer. The second electrical signal layer 322a can include an electrically insulative material 326,
and at least one electrical signal trace 318, such as a plurality of electrical signal traces 318,
supported by the electrically insulative material. For instance, the second electrical signal layer
322a can define a plurality of routing channels 319 that each contain at least a select one, such as
select plurality, of the elecirical signal traces 318, The second electrical ground 322b layer can
include any suitable electrically conductive material. For instance, the electrically conductive
material of the second electrical ground 322b can be copper or any suitable alternative
electrically conductive material.

{0040] The printed circuit board 300a can further include at least one dielectric or
electrically insulative layer 324, such as a plurality of dielectric or electrically insulative layers
324 that are alternatingly arranged with the electrically conductive layers 322 along the third
direction 306. Thus, the electrically insulative layers 324 are configured to electrically isolate
two invnediately adjacent ones of the consecutive conductive layers 322 from one another. The
dielectric layers 324 may be comprised of any suitable electrically insulative material, such as

such as glass-filled or glass impregnated epoxy, that prevents the flow of electricity
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therethrough. The electrically insulative layers 324 can include a third electrically insulative
layer 324a and a fourth electrically insulative layer 324b The third and fourth electrically
insulative layers 324a and 324b can be arranged consecutively along the third direction 306, such
that the fourth electrically insulative laver 324b can be disposed below the third electrically
insulative layer 324a along the third direction 306. Accordingly, the third electrically insulative
layer 324a can be referred to as an upper electrically insulative layer of the second section 310b,
and the fourth electrically insulative layer 324b can be referred to as a lower electrically
insulative layer of the second section 310b. Each of the third and fourth clectrically insulative
layers 324a and 324b can be substantially planar along respective planes that are defined by the
first and second directions 302 and 304.

{6841} The electrically conductive layers 312 and the electrically insulative layers 314
can be alternatingly arranged with respect to each other along the third direction 306. Thus, the
third electrically insulative layer 324a can be disposed between the third electrically conductive
layer 322a and the fourth electrically conductive layer 322b. The fourth electrically conductive
layer 322b can be disposed between the third electrically insulative layer 324a and the fourth
electrically insulative layer 324b.

{#042] Description of the printed circuit board 300a below can pertain to both the first
section 310a and the second section 310b, including the respective electrically conductive layers
and the respective electrically insulative layers, unless otherwise indicated as specific to one of
the first and second sections 310a and 310b. The width of the printed circuit board 300a can
extend along the second direction 304 from a first side edge 354a to a second side edge 354b.
The printed circuit board 300a can further include a card edge 355 that extends along the second
direction between the first side edge 354a and the second side edge 354b. For instance, the card
edge 355 can extend along the second direction from the first side edge 354a to the second side
edge 354b. In accordance with the iHlustrated embodiment, the card edge 355 can define the card
edge 333 illustrated in Fig. 1A,

168437 As described above, the printed circuit board 300a can define a plurality of
mounting locations 301 that are configured to be placed in electrical communication with
respective mounting ends of the electrical contacts 150 of the electrical connector 100. For
instance, the mounting locations 301 can be configured as a plurality vias 331. The vias 331 can
include electrical signal vias 332 and electrical ground vias 334, Each of the signal vias 332 and
ground vias 334 can be configured as an ¢lectrically plated through hole. The signal vias 332 are
configured to receive respective ones of the mounting ends 158 of the electrical signal contacts

152 so as to place the electrical signal contacts 152 in elecirical communication with the
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respective signal vias 332, Simtilarly, the ground vias 334 are configured to receive respective
ones of'the ground mounting ends 157 so as to place the elecirical signal contacts 152 in
electrical communication with the ground plate 168 or individual ground contacts. It should be
appreciated that while the signal vias 332 and ground vias 334 are configured to receive selective
ones of the electrical contacts 150 of the first electrical connector 100, the signal vias 332 and the
ground vias 334 can alternatively be configured to receive mounting ends of respective signal
contacts and ground contacts of an auxiliary connector that is mounted to the printed circuit
board 30{a such that the printed circuit board 300a places the first electrical connector 100 in
electrical communication with the auxiliary electrical connector. For instance, the first electrical
connector 100 can be mounted proximate to one card edge 333, and the auxiliary connector can
be mounted proximate o a second card edge 335 thatl is different than the first card edge 333.
For instance, the second card edge 335 can be opposite the card edge 333, The card edges 333
and 335 can each extend between the first side edge 354a and a second side edge 354b along the
second direction 304, or can be located in any respective suitable alternatively locations of the
printed circuit board 300a.

[8644] The signal vias 332 and the ground vias 334 can collectively be referred to as
vias 331, It should be appreciated that reference herein to vias 331 can alicrnatively apply to the
mounting locations 301 constructed in accordance with any suitable embodiment, unless
otherwise indicated. The mounting locations 301 can be defined by the first electrically
conductive layer 312a. For instance, the vias 331, and thus the mounting locations 301, can be
defined in a footprint 336 that includes a plurality of linear arrays 338 that can extend along the
second direction 304. Because the card edge 355 of the first printed circuit board 300a can
define the card edge 333 illustrated in Fig. 14, the first electrical connector 100 can be mounted
at the footprint 336 such that the mounting ends of the first electrical connector 100 are inserted
into respective ones of the vias 331 that define the footprint 336, Thus, the linear arrays 338
extend parallel to the card edge 355, and can define differential pairs of signal vias as is
described in more detail below. A center line that extends centrally through the vias 331 of each
of the linear arrays 338 can extend along the second direction 304 and parallel to the card edge
355. The linear arrays 338 can be spaced from each other along the first direction 302, The
linear arrays 338 can include a first plurality of linear arrays 3382 and a second plurality of linear
arrays 338b. The footprint 336 can be disposed proximate to the card edge 355, For instance,
the footprint 336 can be spaced from the card edge 355 a distance that is less than the distance

between opposed outermost ones of the linear arrays 338 along the first direction, it should be
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appreciated that the footprint 336 can alternatively be spaced from the card edge at any distance
as desired.

{6845] The printed circuit board 300a can define a first margin or routing channel 337a
that can be devoid of mounting locations 301, The first margin 337a can extend between the first
side edge 354a and the footprint 336 along the second direction 304 or between the footprint 336
and an tmmediately adjacent footprint. Similarly, the printed circuit board 300a can define a
second margin 337b that is devoid of by mounting locations 301, The second margin or routing
channel 337b can extend between the second side edge 354b and the footprint 336 along the
second direction 304. Alternatively, the first and second margins 337a and 337b can define
mounting locations that are not included in the footprint 336 of vias 331.

{0046] The linear arrays of the first plurality of linear arrays 338a can be offset along
the second direction 304 with respect 1o the linear arrays of the second plurality of linear arrays
338b. For instance, adjacent ones of the vias 331 of the respective linear arrays 338 can be
spaced center-to-center along the second direction at a distance or pitch P. The linear arrays of
the first plurality of linear arrays 338a can be offset along the second direction 304 with respect
to the linear arrays of the second plurality of linear arrays 338b a distance equal to the pitch P.
The first margin 3372 can define a first areas that are inline with the first plurality of linear arrays
338a along the second direction 304, and second areas that are inline with the second plurality of
linear arrays 338b. The first margin 3372 at the first areas can have a distance along the second
direction 304 that is less than the distance of the first margin 337a at the second arcas along the
second direction 304, Aliernatively, the first margin 337a at the first areas can have a distance
along the second direction 304 that is greater than the distance of the first margin 337a at the
second areas along the second direction 304. The second margin 337b can define a first areas
that are inline with the first plurality of linear arrays 338a along the second direction 304, and
second areas that are inline with the second plurality of linear arrays 338b. The second margin
337b at the first areas can have a distance along the second direction 304 that is greater than the
distance of the first margin 337a at the second areas along the second direction 304,
Alternatively, the second margin 337b at the first areas can have a distance along the second
direction 304 that is less than the distance of the first margin 337a at the second areas along the
second direction 304,

10647] Further, cach of the first and second pluralities of linear arrays 338a and 33b can
include a respective repeating linear array pattern of ground vias 332 and signal vias 334 along
the second direction 304, which can be referred to as a linear array direction. Each of the first

plurality of lincar arrays 338a can include a first repeating linear array pattern along the linear
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array direction. Each of the second plurality of linear arrays 338b can include a second repeating
linear array pattern along the linear array direction. For instance, the first linear array pattern can
include one or more of a repeating 8-8-G-G configuration, a repeating S-8-G configuration, a
repeating 5-G configuration, a repeating $-G-8 configuration, a repeating G-58-8 configuration, a
repeating G-8-8-G configuration, a repeating G-5-G-8 configuration and a repeating G-S-G-8
configuration, where “S” refers to a signal via 334, and “G” refers to a ground via 332.. For
wstance, the second linear array pattern can include one or more of a repeating 5-8-G-G
configuration, a repeating 8-8-G configuration, a repeating 5-G configuration, a repeating §-G-8
configuration, a repeating G-5-8 configuration, a repeating G-8-S-G configuration, a repeating
(-8-G-8 configuration and a repeating G-8-G-8 configuration, where “S” refers (o a signal via
334, and “G” refers to a3 ground via 332, The first linear array pattern can be the same as or
different than the second linear array pattern. Adjacent signal vias 332 along the linear array
direction of each of the first and second pluralities of linear arrays 338a and 338b can define &
differential signal pair 343 of vias. Adjacent ones of the differential signal pairs 343 can be
separated from each other along the lincar array direction by a ground via 334.

{6848] Each of the first and second pluralities of linear arrays 338a and 338b can define
a length along the second direction 304, and the respective first and second linear array patterns
can repeat along the length of the corresponding linear array. The length can extend from one of
the outermost vias of the respective linear array 338 along the linear array direction to the other
one of the outermost vias of the respective linear array 338 along the linear array divection. The
length of the linear arrays of the first plurality of linear arrays 338a can be equal to, greater than,
or less than, the length of the linear arrays of the second plurality of linear arrays 338b. For one
electrical connector, the respective lengths of the Hnear arrays 338 can be less than the width of
the printed circuit board 300a. Because the footprint 336 can include each of the linear arrays
338, the foolprint 36 can extend along an arca that is defined hy the first direction 302 and the
second direction 304, The first and second linear arrays 338z and 338b can be alternatingly
arranged along the first direction 302,

[6849] The vias 331 of each of the lincar arrays 338 can also be centered with respect to
a respective array center line, For example, each array center line C can extend along the second
direction 304 centrally through ecach of the vias of the respective one of the lincar arrays.
Adjacent ones of the linear arrays 338 can be spaced from each other along the first direction 302
by a gap 340. Further, as will be described in more detail below, the footprint 336 of vias 331
can be arranged in a first group 342a of linear arrays 338 and a second group 342b of linear

arrays 338, Hach of the first and second groups 342a and 342b can include at Jeast one of the
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first linear arrays 338a and at least one of the second linear arrays 338b. For instance, each of
the linear arrays 338 of the first group 342a can be spaced a respective first distance from the
card edge 355 along the first direction 302, and each of the linear arrays of the second group
342b can be spaced a respective second distance from the card edge 355 along the first direction
302, Each of the fivst distances can be less than each of the second distances. It should be
appreciated that each of the second distances can alternatively be less than cach of the first
distances. It should be further appreciated, in accordance with another embodiment, that at least
one of the first distances can be greater or less than at least one of the second distances.

{8838] Each of the vias 331 can define a respective hole 317 that extends along the
third direction 306 at least partially through the printed circuit board 300a. Hach hole 317 can be
at least partially plated, including fully plated, with a conductive surface, such that each of the
vias 331 can be referred to as a plated through-hole. Alternatively or additionally, each of the
holes 317 can be partially filled with a conductive metal. Thus, each of the vias 331 can be
referred to as an electrically conductive via. Further, each hole 317 can have a size and shape
that is configured to receive a respective one of a the mounting ends of the plurality of electrical
contacts of the complementary electrical connector that is mounted to the printed civcuit board
3680a, such as the first clectrical connector 100 or the auxiliary electrical connector, Fach ofthe
vias 331 can have a circular cross sectional shape, though it will be appreciated that they can
assume a wide variety of shapes. Each bole 317 of the circular groond vias 334 and signal vias
332 may have a diameter which that extends in a plane that is defined by the first and second
direction 302 and 304.

{6051} The ground vias 334 can be electrically coupled to, and thus can be in clectrical
communication with, one or more of the first and second electrical ground layers 312b and 322b.
For instance, the ground vias 332 of the first group 342a can be elecirically coupled to the first
electrical ground laver 312b. For instance, the electrically conductive material of the first
electrical ground laver 312b can contact an electrically conductive surface of the ground vias 334
of the first group 342a of vias 331, Additionally or alteratively, the ground vias 332 of the first
group 342a can be electrically coupled to the second electrical ground layer 322b. For instance,
the electrically conductive material of the second electrical ground layer 322b can contact an
electrically conductive surface of the ground vias 334 of the first group 342a of vias 331,
Similarly, the ground vias 332 of the second group 342b can be electrically coupled to the
second electrical ground layer 322b. For instance, the electrically conductive material of the
second electrical ground layer 322b can contact an electrically condactive surface of the ground

vias 334 of the second group 342b of vias 331. Additionally or alternatively, the ground vias
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332 of the second group 342b can be slectrically coupled to the first electrical ground layer 312b.
For instance, the electrically conductive material of the first electrical ground layer 312b can
contact an electrically conductive surface of the ground vias 334 of the second group 342b of
vias 331,

[0652]  As described above, the first electrical signal layer 312a can include a plurality
of electrical signal traces 318. For instance, the first electrical signal layer 312a can include at
least one routing channel 319 that contains at least one electrical signal trace 318, In accordance
with one embodiment, the first electrical signal layer 312a can include a phurality of routing
channels 319 that each contain a plurality of electrical signal traces 318. The electrical signal
traces 318 of the first electrical signal layer 312a can be clectrically coupled, that is in electrical
communication with, respective ones of the signal vias 332 of the first group 342a of vias 331,
For example, sach of the electrical signal traces 318 can contact an electrically conductive
surface of a respective one of the sigoal vias 332 of the first group 342a of vias 331, The
electrical signal traces 318 of the second electrical signal layer 322a can be electrically coupled,
that is in electrical communication with, respective ones of the signal vias 332 of the second
group 342b of vias 331, For example, the electrical traces 318 of the second elecirical signal
layer 322a can contact an electrically conductive surface of a respective one of the signal vias
332 of the second group 342b of vias 331.

{0053} Asdescribed above, the second group 342b can include at least one first linear
array 338a and at least one second linear array 338b alternatingly arranged and offset from each
other with respect to the second direction 304. At least a portion of the second group 342b of
linear arrays 338 can be offset with respect o the first group 342a of linear arrays 338. For
instance an entirety of the second group 342b of the linear arrays 338 can be offset with respect
to the first group 342a of linear arrays 338. For instance, the first group 342a of linear arrays
338 can be spaced a fivst distance from the card edge 355 along the first direction 302, the
second group 342b of linear arrays 338 can be spaced a second distance from the card edge 355
along the first direction 302, and the second distance is greater than the first distance. The signal
traces 318 in electrical communication with the signal vias 332 of the second group 342b are
disposed in the second electrical signal laver 322a.

{0084} Each of the linear arrays 338 can include a first portion 344 and a second
portion 346 spaced from the first portion 344 along the second direction. For instance, the first
portions 344 of the respective linear arrays can be spaced a first distance from the first side edge
354a or an immediately adjacent footprint along the second direction 304 that is less than a

second distance at which the second portions 346 are spaced from the first side edge 354a or an
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immediately adjacent footprint along the second direction 304. For example, in accordance with
one embodiment, the first portion 344 of each of the linear arrays 338 can at least partially define
the first margin 3374, for instance in combination with the first side edge 354a. The second
portions 346 of the respective linear arrays can be spaced a first distance from the second side
edge 354b along the second direction 304 that is less than a second distance at which the first
portions 342 are spaced from the second side edge 354b along the second direction 304, For
example, in accordance with one embodiment, the second portion 346 of each of the linear arrays
338 can at least partially define the second margin 337b, for instance in combination with the
second side edge 354b. The first portions 344 can define at least one signal via 332, such as at
least one differential pair of signal vias 332. The second portions 346 can also define at least one
signal vias 332, such as at least one differential pair of signal vias 332.

[0833]  As described above, various ones of the signal traces 318 can be disposed in
respective routing channels 319, For instance, the printed circuit board 300a can include a
plurality of first routing channels 3 19a operatively associated with the respective select ones of
the first portions 344 of the first and second linear arrays 331a and 331b. Thus, the electrical
traces 318 disposed in the first routing channels 319a can be electrically coupled to respective
ones of the signal vias 332 of the respective select ones of the first portions 344 of the first and
second linear arrays 331a and 331b. The first portions 344 of the first and second linear arrays
331a and 331b can include at least one differential signal pair of vias 332, For instance, the first
portions 344 can include a first and second differential signal pairs of vias 332 that are separated
by a ground via 334 along the second direction 304. Thus, the first routing channels 319a can
include four signal traces 318 that are in electrical communication with respective ones of the
four signal vias 332 that define the first and second differential signal pairs of vias 332. It should
be appreciated that the first portions 344 of the linear arrays 331 can include any number of
signal vias 332 as desired. Further, the first portions 344 of the first plurality of linear arrays
331a can have the same or a different number of signal vias 332 with respect to the number of
signal vias 332 of the second plurality of lingar arrays 33 1b of the first portion 344.

{0056] Each of the signal traces 318 can define a first end 318a that is electrically
connected to a respective one of the signal vias 332 of the first portion 344 of each of the linear
- arrays 338. For instance, the first end 318a can be physically coupled to the electrically
conductive material of the respective onss of the signal vias 332, The first ends 318a can extend
along the first direction 302, The signal traces 318 can further include a first region 318b that
extends relative to the first end 318a along the second direction 304. For instance, the first

region 318b can extend from the first end 318a. The signal traces 318 can further include a
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second region 318¢ that extends relative to the first region 318b along a direction that is
angularty offset with respect to the second direction 304, For instance, the second regions 318¢
can extends along the first direction 302, The second regions 318c can extend from the first
regions 318b. The second regions 318¢ of the signal traces 318 that are in electrical
communication with the respective signal vias of the first portions 346 of the linear arrays 338
can be disposed in the first margin 337a.

{0037] A portion, for instance a portion of the second region 318c, of the signal traces
318 in electrical communication with respective ones of the signal vias 332 of the second group
342b of linear arrays 338 can be aligned along the third direction 306 with a portion, for instance
a portion of the second region 318¢, of the signal traces 318 in electrical communication with
respective ones of the signal vias 332 of the first group 342a of the linear arrays 338,

[0038] It should be appreciated that the signal traces 318 can include & first signal trace
that is comnected to a first signal via of one of the first Hnear arrays 338a, and the signal traces
318 can include a second signal trace that is connected to a second signal via of one of the
second linear arrays 338b. For instance the one of the first linear arrays and the one of the
second linear arrays can be adjacent linear arrays along the first direction. The first region of the
first signal trace can be disposed between the first and second linear arrays 338a and 338b. The
second region of the first signal trace in electrical communication with the first portion 344 of
the linear arrays 338 can be disposed in the first margin 337a. Similarly, the second region of the
second signal trace in electrical commuanication with the first portion 344 of the linear arrays 338
can be disposed in the first margin 337a. For instance, the signal traces 318 can include a first
plurality of electrical signal traces 318, in clectrical communication with the first portions 344 of
the linear arrays 338, that inchudes the first signal trace, and a second plurality of electrical signal
traces 318, in electrical communication with the first portions 344 of the linear arrays 338, that
includes the second signal trace. The first ends 318a of each of the first plurality of signal traces
318 are attached 1o a respective one of the first signal vias of the first Hinear array 338a. Thus,
the printed circuit board 300a can include a first signal channel that includes the first plurality of
signal traces. The printed circuit board 300a can include a second signal channel that includes
the second plurality of signal traces.

{0059} Each of the first plurality of signal traces 318 can be nested. Thus, the first
regions 318b of inner ones of the signal traces 318 of the first plurality of signal traces 318 can
be disposed inward with respect to the first regions 318b of outer ones of the signal traces 318 of
the f{irst plurality of signal traces 318 with respect to the first direction 302. Similarly, the

second regions 318c of inner ones of the signal traces 318 of the first plurality of signal traces
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318 can be disposed inward with respect to the second regions 318¢ of outer ones of the signal
traces 318 of the first plurality of signal traces 318 with respect to the second direction 304.

Each of the second plurality of signal traces 318 can be nested. Thus, the first regions 318b of
inner ones of the signal traces 318 of the second plurality of signal traces 318 can be disposed
inward with respect to the first regions 318b of outer ones of the signal traces 318 of the second
plurality of signal traces 318 with respect to the first direction 302, Similarly, the second regions
318c of inner ones of the signal traces 318 of the second plurality of signal traces 318 can be
disposed inward with respect to the second regions 318¢ of outer ones of the signal traces 318 of
the second plurality of signal traces 318 with respect to the second direction 304. Further, the
second plurality of signal traces 318 can be nested within the first plurality of signal traces 318.
Thus, the first regions 318b of all of the second plurality of signal traces 318 can be disposed
inward with respect to the first regions 318b of all of the signal traces 318 of the first plurality of
signal traces 318 with respect to the first direction 302, Similarly, the second regions 318c of all
of the second plurality of signal traces 318 can be disposed inward with respect o the second
regions 318c of all of the first phurality of signal traces 318 with respect to the second direction
304,

[0868] The first ends 318a and at least a portion of the first regions 318b of select ones
of the signal traces 318 can be disposed adjacent linear arrays 338 along the first direction. For
instance, the first ends 318a and a majority of the first regions 318b of each of the first plurality
of signal traces 318 can be disposed between adjacent ones of the first and second linear arvays
338a and 338b. As described above, the second regions 318¢ can extend refative to the first
regions 318b. For instance, the signal traces 318 can include a transition region connected
between the first and second regions 318b and 318¢ as desired, Alternatively, the second regions
318¢ can exiend from the first regions 318b.

{6861] The printed circuit board 300a can have maultiple layers and more than two
groups of routing channels per layer. The printed circuit board 300a can further include a
plurality of second routing channels 319b operatively associated with the respective select ones
- of'the second portions 346 of the first and second linear arrays 331a and 331b. Thus, the
electrical traces 318 disposed in the second routing channels 319b can be electrically coupled to
respective ones of the signal vias 332 of the respective select ones of the second portions 346 of
the first and second linear arrays 331a and 331bh. The second portions 346 of the first and second
linear arrays 331a and 331b can include at least one differential signal pair of vias 332. For
instance, the second portions 346 can include a first and second differential signal pairs of vias

332 that are separated by a ground via 334 along the second direction 304, Thus, the second
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routing channels 319b can include four signal traces 318 that are in elecirical communication
with respective ones of the four signal vias 332 that define the first and second differential signal
pairs of vias 332, It should be appreciated that the second portions 346 of the Hinear arrays 331
can include any number of signal vias 332 as desired. Further, the second portions 346 of the
first plurality of lingar arrays 3313 can have the same or a different number of signal vias 332
with respect to the number of signal vias 332 of the second plurality of linear arrays 331b of'the
second portion 346,

{68662] Each of the signal traces 318 can define a first end 318a that is electrically
connected to a respective one of the signal vias 332 of the first portion 344 of each of the lincar
arrays 338 of the second group 342b. For instance, the first end 318a can be physically coupled
to the electrically conductive material of the respective ones of the signal vias 332, The first
endds 318a can extend along the first direction 302. The signal traces 318 can further include a
first region 318b that extends relative to the first end 318a along the second direction 304, The
first regions 318b of the signal traces 318 that are in electrical communication with the
respective signal vias of the second portions 346 of the linear arrays 338 extend in an opposite
direction with respect to the first regions 318b of the signal traces 318 that are in electrical
communication the respective signal vias of the first portions 344 of the linear arrays 338. For
instance, the first region 318b can extend from the first end 318a. The signal traces 318 can
further include a second region 318¢ that extends relative to the first region 318b along a
direction that is angularly offset with respect to the sccond direction 304. For instance, the
second regions 318¢ can extends along the first direction 302, The second regions 318c can
extend from the first regions 318b. The second regions 318c of the signal traces 318 that are in
electrical communication with the respective signal vias of the second portions 346 of the linear
arrays 338 can be disposed in the second margin 337b.

[8863] 1t should be appreciated that the signal {races 318 that are in electrical
conumunication with the respective signal vias of the second portions 346 of the lingar arrays 338
can include a first signal trace that is connected to a first signal via of one of the first linear
arrays 338a, and the signal traces 318 can include a second signal trace that is connected to a
second signal via of one of the second linear arrays 338b. For instance the one of the first linear
arrays and the one of the second linear arrays can be adjacent linear arrays along the first
direction. The first region of the first signal frace can be disposed between the first and second
linear arrays 338a and 338b. The second region of the first signal trace in electrical
communication with the first portion 344 of the Hnear arrays 338 can be disposed in the second

margin 337b. Stmilarly, the second region of the second signal trace in electrical communication
s}
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with the first portion 344 of the linear arrays 338 can be disposed in the second margin 337b.

For instance, the signal traces 318 can include a first plurality of electrical signal traces 31§, in
electrical communication with the second portions 346 of the linear arrays 338, that incluodes the
first signal trace, and a second plurality of elecirical signal fraces 318, in electrical
communication with the second portions 346 of the lincar arrays 338, that includes the second
signal trace. The first ends 318z of cach of the first plurality of signal traces 318 are attached to
a respective one of the first signal vias of the first linear array 338a. Thus, the printed circuit
board 300a cav include a first signal channel that includes the first plurality of signal traces. The
printed circuit board 300a can include a second signal channel that includes the second plurality
of signal traces.

[B864] Each of the first plurality of signal traces 318 can be nested. Thus, the frst
regions 3 18b of inner ones of the signal traces 318 ofthe first plurality of signal traces 318 can
be disposed inward with respect to the first regions 318b of outer ones of the signal traces 318 of
the first plurality of signal traces 318 with respect to the first direction 302. Similarly, the
second regions 318c¢ of inner ones of the signal traces 318 of the first plurality of signal fraces
318 can be disposed inward with respect to the sccond regions 318¢ of outer ones of the signal
traces 318 of the first plurality of signal traces 318 with respect to the second direction 304,
Each of the second plurality of signal traces 318 can be nested. Thus, the first regions 318b of
inner ones of the signal traces 318 of the second plurality of signal traces 318 can be disposed
foward with respect to the first regions 318b of cuter ones of the signal traces 318 of the second
plurality of signal traces 318 with respect to the first direction 302, Similarly, the second regions
318&c of inner ones of the signal traces 318 of the second plurality of signal traces 318 can be
disposed inward with respect to the second regions 318¢ of outer ones of the signal traces 318 of
the second plurality of signal traces 318 with respect to the second direction 304. Further, the
second plurality of signal traces 318 can be nested within the first plurality of signal traces 318.
Thus, the first regions 318b of all of the second plurality of signal traces 318 can be disposed
inward with respect to the first regions 318b of all of the signal traces 318 of the first plurality of
signal traces 318 with respect to the first direction 302. Similarly, the second regions 318c of all
of the second plurality of signal traces 318 can be disposed inward with respect to the second
regions 318c of all of the first plurality of signal traces 318 with respect {0 the second direction
304.

[8665] The first ends 318a and at least a portion of the first regions 318b of select ones
of the signal traces 318 can be disposed adjacent linear arrays 338 along the first direction. For

instance, the first ends 318a and a majority of the first regions 318b of each of the first plurality
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of signal traces 318 can be disposed between adjacent ones of the first and second linear arrays
338a and 338b. It should be appreciated that the signal fraces 318 can include a transition region
connected between the first and second regions 318b and 318c¢ as desired.

[8666] The signal vias 332 can include antipads so as 1o electrically isolate the signal
vias from the electrical ground layers. Similarly, the ground vias 334 can include antipads as
desired 50 as to electrically isolate the ground vias 334 from the ground layers other than the
ground layer that is in electrical communication with the ground vias.

[6867] The second group 342b of linear arrays 338 can define an outermost one of the
linear arrays 338 with respect to the first direction 302 that is spaced further than any other of the
linear arrays 338 from the card edge 353 along the first direction 302. As described above, the
signal traces 318 in electrical communication with the signal vias 332 of the second group 342b
of the linear arrays 338 can be included in the second electrical signal layer 322a. The signal
traces 318 in electrical communication with the signal vias 332 of the oulermost linear array 338
of the second group 342 can extend from the respective signal vias 332 in the first direction, and
thus parallel to the second regions 318c of other ones of the signal traces 318 of the second group
342b.

{0068] In accordance with one embodiment, a method can be provided for routing
signal traces. The method can include the step of fabricating the first electrical signal layer 312a
in the manner described above. Thus, the method can include the step of fabricating the signal
traces 318 of the first electrical signal layer 312a as described above. The method can further
include the step of fabricating the second electrical signal layer 3223 in the manuner described
above. Thus, the method can include the step of fabricating the signal fraces 318 of the second
electrical signal layer 3223 as described above. The method can further include the step of
fabricating the first electrical ground layer 312b in the manner described above. The method can
further juclude the step of fabricating the second electrical ground layer 322b in the manner
described above. The method can further include the step of fabricating the signal vias 332 in
the manner described above. The method can further include the step of fabricating the ground
vias 334 in the manner described above. The method can further inchude teaching to g third party
one or more of the above steps, teaching a third party a commercial advantage, such that routing
layers can be reduced, and selling to the third party the printed circuit board 300a.

[8869] For instance a method can be provided for constructing a printed circuit board
having a front card edge. The method can include the step of fabricating a linear array of vias
including a first portion and a second portion, wherein each of the first and second portions

includes a respective at least one ground via and at a respective least one signal via, the linear
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array oriented along a linear array direction. The method can further include the step of routing a
first end of a first signal trace from the at least one signal via of the first portion, a first region
that extends from the first end along the linear array direction, and a second region that extends
relative to the first region along a first direction that is perpendicular to the linear array direction.
The method can further include the step of routing a first end of a second signal trace from the at
least one signal via of the second portion, 2 first region that extends from the first end along the
linear array direction, and a second region that extends relative to the first region along a first
direction that is perpendicular to the linear array direction. The second regions of the first and
second signal traces can be disposed in respective first and second margins that are disposed on
opposite sides of the first and second linear arrays with respect to the Hinear array direction. A
method can further include teaching any of the above steps to a third party, teaching a third party
a commercial advantage, such that routing lavers can be reduced, teaching a third party a
comunercial advantage, such that routing layers can be reduced, and selling the constructed
printed circuit board to the third party.

{078]  Avother roethod can be provided for constructing a printed circuit board having
a front card edge. The method can include the step of fabricating a first linear array of vias
including at least one ground via and at a respective least one signal via. The method can further
include the step of fabricating a second linear array of vias including at least one ground via and
at a respective least one signal via, the second linear array spaced from the first linear array along
a first direction, wherein each of the first and second linear arrays are oriented along a second
direction perpendicular to the first direction. The method can further include the siep of routing
a first end of a first signal trace from the ai least one signal via of the first linear array, a first
region that extends from the first end along the second direction, and a second region that
extends relative to the first region along the first direction. The method can further include the
step of routing a first end of 8 second signal trace from the at least one signal via of the second
linear array, a {irst region that extends from the first end along the linear array direction, and a
second region that extends relative to the first region along a first direction that is perpendicular
to the linear array direction. The method can further include the step of defining first and second
margins disposed on opposite sides of the first and second linear arrays with respect to the
second direction, and the routing steps comprise placing the second regions of the first and
second linear arrays in the first and second margins, respectively. A method can further include
teaching any of the above sieps to a third party, and selling the constructed printed circuit board

to the third party.
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{88711 The embodiments described in connection with the illustrated embodiments
have been presented by way of illustration, and the present invention is therefore not intended to
be Hmited to the disclosed embodiments, Furthermore, the structure and features of cach the
embodiments deseribed above can be applied to the other embodiments described herein, unless
otherwise indicated. Accordingly, the invention is Intended to encompass all modifications and
alternative arrangements included within the spirit and scope of the invention, for instance as set

forth by the appended claims,
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What is Claimed;

i. A prinied circuit board defining a front card edge, the printed civcuit board comprising:

a first linear array of vias including at least one first ground via and at least one first
signal via;

a second linear array of vias spaced from the first linear array along a first direction, the
second linear array including at least one second ground via and at least one second signal via,
wherein each of the first and second lincar arrays of vias extends along a second direction that is
perpendicular to the first direction and paraliel to the front card edge;

a first electrical signal trace defining a first end that is elecirically connected to the first
signal via, a first region that extends along the second divection, and a second region that extends
along the first direction and

a second electrical signal trace defining a first end that is electrically connected to the
second signal via, a first region that extends along the second direction, and a second region that

extends along the first direction.

2. The printed circuit board as recited in claim 1, further defining first and second margins
disposed on opposite sides of the first and second linear arrays with respect to the second
divection, wherein the second region of each of the first and second electrical signal traces are

disposed in the first margin,

3. The printed circuit board as recited in claim 2, wherein each of the first and second linear
arrays defines a respective first portion and a respective second portion spaced from the first
portion along the second direction, and the first and second electrical signal traces are in
electrical communication with the first and second signal vias, respectively, of the first portion,
the printed circuit board further comprising:

a first electrical signal trace that includes 1} a first end electrically connected to g signal
via of the sccond portion of the first linear array of vias, 2} a first region that exiends opposite the
first region of the first electrical signal trace in electrical communication with the first signal via
of the first portion, and 3) a second region that extends in the first direction and is disposed in the

secomnd margin,

4. The printed circuit board of claim 1, wherein the first regions of each of the first and
second electrical signal traces extend from the respective first end, and the second region of each
of the first and second electrical signal traces extend from the respective first region
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5. The printed circuit board as recited in claim 1, further comprising a first plurality of
electrical signal traces including the first signal trace, each of the first plurality of electrical

traces nested in each other,

6. The printed circuit board as recited in claim 1, further comprising a second plurality of
electrical signal traces including the first signal trace, each of the second plurality of electrical

traces nested in each other.

7. The printed circuit board as recited in claim 6, wherein the second plurality of signal

traces is nested in the first plurality of signal traces.

& The printed circuit board as recited in claim 1, further comprising an electrically

conductive ground layer attached to the at least one first and second ground vias.

9. The printed circuit board as recited in claim 1, wherein the first and second linear arrays

are offset with respect to each other along the second direction.

1. The printed circuit board as recited in claim [, wherein the first region of the first signal

trace is disposed between the first and second linear arrays with respect to the first direction.

11.  The printed circuit board as recited in claim 1, wherein the first and second linear arrays
are of a first group, the printed circuit board further comprising a second group of linear arrays
that each includes at least one ground via and at least one signal via, the second group of linear
arrays spaced from the first group of finear arrays along a third direction that is perpendicular to
each of the first and second directions, the second group of Hnear arrays offset with respect to the

first group of linear arrays along the first direction.

12.  The printed circuit board as recited in claim 11, further comprising signal traces in
electrical communication with respective ones of the signal vias of the second group, each
having a portion that is aligned with a portion of respective ones of the signal traces that are in

electrical communication with signal vias of the first group.

13, A printed circuit board defining a front card edge, the printed cireuit board comprising:

at least one linear array extending along a lingar array direction parallel to the front card
edge, the at least one linear array including a first portion and a second portion spaced from the
first portion along the linear array direction, each of the first and second portions including at
feast one signal via and at least one ground via;
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first and second regions disposed on opposite sides of the linear array with respect to the
linear array direction,

a first electrical signal trace defining a first end that is electrically connected to the at
feast one signal via of the first portion, a first region that extends with respect to the first end
along the lincar array direction, and a second region that extends with respect to the first region
in the first margin along a first direction that is perpendicular to the linear array direction;

a second elecirical signal trace defining a first end that is electrically connected to the at
least one signal via of the second portion, a first region that extends with respect to the first end
along the linear array direction, and a second region that extends with respect to the first region

in the second margin along the first direction.

14, The printed circuit board as recited in claim 13, wherein the first region of the second
electrical signal trace extends from the respective first end to the second region along a direction
opposite with respect to the direction that the first region of the first electrical signal trace

extends from the respective first end to the respective second region.

15.  The printed circuit board as recited in claim 13, further comprising a second linear array
of vias spaced from the first linear array along a first direction, the second linear array including
first and second portions that each include at least one second ground via and at least one second
signal via, wherein the first regions of each of the first and second signal traces are disposed

between the first and second linear arrays with respect to the first direction.

16.  The printed circuit board as recited in claim 15, wherein the first and second linear arrays

are offset from each other with respect to the linear array direction.

17.  The printed circuit board as recited in claim 13, further comprising an electrically
conductive ground layer in elecirical communication with the at least one ground via of each of

the first and second portions of the linear array.

18. A method of constructing a printed circuit board having a front card edge, the method
comprising the steps oft

fabricating a linear array of vias inchuding a first portion and a second portion, wherein
each of the first and second portions includes a respective at least one ground viaand at a
respective least one signal via, the linear array oriented along a linear array direction;

routing a first end of g first signal trace from the at least one signal via of the first portion,

a first region that extends from the first end along the Hnear array direction, and a second region
~32 -



WO 2014/120635 PCT/US2014/013277

that extends relative to the first region along a first direction that is perpendicular to the linear
array direction;

routing a first end of a second signal trace from the at least one signal via of the second
portion, a first region that extends from the first end along the linear array divection, and a
second region that extends relative to the first region along a first direction that is perpendicular
to the linear array direction,

wherein the second regions of the first and second signal traces are disposed in respective
first and second margins that are disposed on opposite sides of the first and second linear arrays

with respect {0 the linear array direction.

19. A method of constructing a printed circuit board having a front card edge, the method
comprising the steps oft

fabricating a first linear array of vias including at least one ground via and at a respective
least one signal via;

fabricating a second linear array of vias including at least one ground viaand at a
respective least one signal via, the second linear array spaced from the first linear array along a
first direction, wherein each of the first and second linear arrays are oriented along a second
direction perpendicular to the first direction;

routing a first end of a first signal trace from the at least one signal via of the first linear
array, a first region that extends from the first end along the second direction, and a second
region that extends relative to the first region along the first divection; and

routing a first end of a second signal trace from the at least one signal via of the second
linear array, a first region that extends frov the first end along the linear array direction, and a
second region that extends relative to the first region along a first direction that is perpendicular

to the linear array direction.

20.  The method as recited in claim 19, further comprising the step of defining first and
second margins disposed on opposite sides of the first and second linear arrays with respect to
the second direction, and the routing steps comprise placing the second regions of the first and

second linear arrays in the first and second margins, respectively.
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21 A method of meunting an elegtrival connector to the printed cirauit board as reaited in
any one of claims { o 17, comprising the steps of)

g taiks of the electricad connector info the vias of the flest

e

placing « fest row of mouatin
hincar array of vigs; aud
placing & seecond mw of piounting fails of the electrical conngelar inte the vins of the.

séicond Bovar avay o vias.

2. Ansleotrical sonnestor conyprising:

the printed circuit board as récited In any one of elaims 1 e 17 and

sy electrical comsotor mounied tothe printsd cireuit board, the electrical connector
incloding o fest row of mounting tails inserted indo rospestive anes of the vies of the first linesr
arvay of vias, and s sscond row of mounting tails inserted into respective ones of the viasof the

secomd Hnear artay of vias
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