
PRINTED CIRCUIT BOARD FOR HIGH-SPEED ELECTRICAL
CONNECTORS Background of the Invention The present
invention relates generally to high speed electrical
connectors and, more particularly, to printed circuit
boards that connect or otherwise support electrical
connectors and which provide signal paths for
differential signals between different circuit boards
and components thereon. In backplane connections, an
electrical connector is typically used to form a
connection between circuits on one circuit board and
another circuit board. The boards are usually oriented
at right angles. Such types of backplane systems are
used in the telecommunications area and in the data
transfer area.. In these areas, it is desirable to
control both impedance and cross-talk between
differential signal paths. These two aspects may be
controlled in transmission lines, such as electrical
cables, and on circuit boards, where it is possible to
lay out complex geometric patterns of conductive
traces on the circuit board. It is therefore desirable
to maintain preselected distances between differential
signal paths or traces as well as the distances
between the signal paths and an associated ground
reference(s). The present invention is directed to
such patterns and the like. Summary of the Invention
It is therefore a general object of the preset
invention to provide an improved circuit board pattern
disposed about a pair of vias that are used for
differential signal applications . Another object of
the present invention is to provide a circuit board
pattern for use with differential signal applications
for vias of the circuit board wherein the circuit
board includes at least one ground plane layer that
extends along a plane of the circuit board, and the
ground plane layer including an "anti-pad" area
encompassing the pair of differential signal vias, the
anti-pad including an area wherein the conductive
material of the ground plane layer is removed, and the
ground plane layer including a conductive element that
extends through the anti-pad between the 



pair of differential signal vias, thereby dividing the
anti-pad into two distinct removed areas, with each of
the areas encompassing a single differential signal
via. Still another object of the present invention is
to provide the anti-pad interconnecting element along
a line that extends between the two differential
signal vias so that the conductiveelement bisects the
anti-pad into two symmetrical halves. Yet a further
object of the present invention is to provide the
anti-pad interconnecting element along a path between
the two differential signal vias so that it divides
the anti-pad into two, non-symmetrical halves. Still
yet another object of the present invention is to
provide a ground trace routing channel that extends
through the anti-pad and provides an additional ground
layer for the two differential signal traces that are
routed out from the vias. These and other objects of
the present invention are provided by way of the
structure of the invention. In accordance with one
embodiment of the present invention, a circuit board
has a plurality of vias formed in it and these vias
are intended for use in differential signal
applications. The vias take the form of holes that
extend through the circuit board and the inner walls
of the via are plated to establish electrical
connections between the vias, circuits on the circuit
boards and terminal tails portions inserted into the
vias. Each pair of vias is spaced apart from each
other so as to accommodate a pair of terminal tail
portions of a connector mounted to the circuit board.
The circuit board includes one or more ground plane
layers which consist of a conductive coating, such as
a copper layer that extends in its own plane within or
on a top or bottom surface of the circuit board. The
vias are exposed on the surfaces of the circuit board,
and an area of the ground plane that surrounds the
pair of vias is removed to form an open area. This
open, removed area is termed by us and those in the
art as an "anti-pad" and it encompasses a pair of
differential signal vias. Such an anti-pad is know in
the art, such as those illustrated in U.S. Patent No.
6,607,402, issued August 19, 2003 and U.S. Patent No.
6,767,252, issued July 27, 



2004, and these anti-pads, typically oval in shape,
constitute a relatively large area surrounding the
pair of vias which is free of the conductive ground
plane layer. However, the present invention is a
departure from the prior art in that it utilizes a
strip, or thin conductive element, that interconnects
two edges of the anti-pad and effectively divides each
such anti-pad into two halves. This interconnecting
element provides an electrical ground path between the
differential signal vias without adversely affecting
the coupling of the two vias. In one embodiment, the
thin conductive element divides the anti-pad into two
distinct and symmetrical anti-pad halves. In another
embodiment, the conductive element divides the
anti-pad into two distinct asymmetrical halves.
Another ground layer of the circuit board, adjacent to
the ground layer that harbors the split anti-pads, may
be provided within the circuitboard to provide a
reference ground path that extends within its own
layer to provide a pathway that is adjacent to the
signal route out pathway from the differential signal
vias; The routing of the interconnecting conductive
element that extends between the two differential
signal vias may also include at least one turn or
angle so that the interconnecting element takes a path
that follows the routing of an adjacent signal layer
routing which extends out and away from the
differential signal vias. These and other objects,
features and advantages of the present invention will
be clearly understood through a consideration of the
following detailed description. Brief Description of
the Drawings In the course of this detailed
description, the reference will be frequently made to
the attached drawings in which: FIG. IA is a
diagrammatic plan view of a prior art circuit board
signal launch; FIG. IB is a diagrammatic plan view of
another prior art circuit board signal launch FIG. 2
is a plan diagrammatic view of a circuit board
constructed in accordance with the principles of the
present invention, and illustrating a ground plane
layer having an anti-pad that is split into two parts
by means of an intervening conductive connecting
strip; 



FIG. 3 is the same view as FIG. 2, but with the
interconnecting conductive strip removed for clarity
and the ground routing channel formed as a layer that
lies adjacent to the ground plane layer of FIG. 2;
FIG. 4 is the same view as FIG. 3, also with the
interconnecting conductive strip removed for clarity,
but with the differential signal via route out
channels shown superimposed on the ground routing
channel of FIG.3; FIG. 4A is a detailed sectional view
of the circuit board of FIG. 4, taken along the extent
of lines A-A thereof; FIG. 5 is the same view as FIG.
4, but with the interconnecting conductive element
shown in place extending across the anti-pad and
between the two differential signal vias; FIG. 6A is a
plan diagrammatic view of one variation of the ground
routing channel with two stub ends that maybe used in
circuit board layouts of the present invention; FIG.
6B is a plan diagrammatic view of another variation of
the ground routing channel with two stub ends
interconnected by their own thin interconnecting strip
that may be used in circuit board layouts of the
present invention;FIG. 7 is the same view as FIG. 6A,
but with the ground plane layer conductive
interconnecting element and the differential signal
via route outs superimposed upon the ground routing
channel; FIG. 8A is a plan diagrammatic view of a
circuit board incorporating another design in
accordance with the principles of the present
invention, wherein the anti-pad is generally
rectangular and having been split into two square or
rectangular anti-pad halves by the intervening
conductive interconnecting element of the ground plane
layer; FIG. 8B is the same view as FIG. 8A, but
illustrating the differential signal via route outs;
FIG. 9A is a plan diagrammatic view of another
embodiment of a circuit board layout constructed in
accordance with the principles of the present
invention in which the conductive 



interconnecting ground plane element extends through
the anti-pad in a manner so as to divide it into two
distinct, but asymmetrical parts; FIG. 1OA is a plan
diagrammatic view of another embodiment of a circuit
board layout constructed in accordance with the
principles of the present invention in which the
overall antipad is relatively large and rectangular in
configuration with notches to accommodate the
associated ground plane vias, and in which the
conductive interconnecting element divides the
anti-pad into two symmetrical halves; FIG. 1OB is the
same view as FIG. 1OB, but illustrating the route out
paths of the signal traces from the two differential
signal vias; FIG. 11 is a plan view of another
embodiment of the invention that is similar to that
shown in FIG. 3 (also with the interconnecting strip
removed from clarity), but which utilizes a thin strip
that extends from the stub end of a ground routing
channel; and, FIG. 12 is the same view as FIG. 11, but
with the differential signal channel paths
illustrated. Detailed Description of the Preferred
Embodiments The present invention is directed to new
printed circuit board patterns, and particularly
launch patterns which are found at the apertures in
the circuit boards that receive conductive pins from
connectors which are mounted to the circuit board.
Specifically, the present invention is directed to
improved launch areas for circuit boards that utilize
differential signal traces. FIGS. IA and IB show known
styles of circuit boards that are used with
differentialsignals. FIG. IA illustrates a portion of
a circuit board, or backplane 60, to which a connector
would be attached. There are columns of holes, or
apertures 62, that are formed in the circuit board 60
and these apertures are commonly referred to in the
art as "vias". These vias 62 typically extend
completely through the circuit board 60 and have their
inner surfaces plated so that they define a conductive
path that extends completely through the circuit
board. The contact tails of a connector are inserted
into the via holes to mount a connector to the circuit
board 60. 



Typically, there are one or more ground plane layers
64 included in the circuit board 60. Small portions,
or annulas 66, of the ground plane layers are removed
around the vias 62to leave exposed areas 66 in order
to avoid shorting out connections made in the vias.
However, in this known configuration, there is ground
plane material deposited between the holes 62 and this
intervening material is shown at 63. It should be
noted that this intervening material 63 follows a
natural path around the open annulas 66. This
intervening material is large as compared to the size
of the vias, and the annulas are small in width or
thickness. FIG. IB shows another printed circuit board
600 that is intended for use with a differential
signal connector. In this structure, as described more
fully in U.S. Patent No. 6,607,402, issued August 19,
2003, the ground plane layer 64 is structured, such as
by etching to leave an exposed, or open area around
pairs of vias 62 that form a differential pair. This
open area is much larger in size than the annulas of
FIG. IA. In this way, there is no ground plane layer
(or any conductive material) present between the two
holes of a differential pair. Rather, the intervening
area 61 that lies between the two differential signal
vias 62 is completely devoid of conductive material
and this exposed area forms what we term in this
description and what is referred to in the art as an
"anti-pad", which is an opening in the ground plane
layer 64 that entirely encompasses the two vias,
preferably a pair of differential signal vias 62. The
anti-pad areas are illustrated in FIG. IB as oval in
configuration. FIG. 2 is a top plan view of a circuit
board 100 illustrating a pair of vias 102, preferably
vias that are used to connect to terminal tail
portions of a connector mounted to the circuit board.
These terminal tail portions typically will carry
differential signals from the circuit board and
through the connector. As can be seen, there is a
ground reference plane 104 disposed as a conductive
layer on or within the circuit board 100. The ground
plane is typically established by laminating a thin
layer of depositing such a layer onto a layer of
insulating material, such as epoxy, fiberglass, FR4 or
the like. An area 105 of the conductive ground layer
is removed in a 



conventional manner such as by etching or the like to
create a large opening in the ground layerthat
encompasses the two differential signal vias. We refer
to this open area in this description as an "anti-pad"
and for purposes of illustration, this anti-pad 105 is
bounded by the thick black line in FIG. 2. However,
whereas the anti-pad of FIG. IB completely encompasses
the two differential signal vias 62, the anti-pad
structure of FIG. 2 is split into two, somewhat
symmetrical halves by a conductive interconnecting
element, in the form of a bisecting linear trace 107
that extends between the two differential signal vias.
Each such differential signal via may include, as
shown, a conductive annula 103 that surrounds the via
and which is connected to the conductive plating on
the inner walls 111 of each via In FIG. 2, the path of
this bisecting trace is shown as a linear one and it
extends between two annular portion 109 that surround
vias 112 which are designated as ground vias for
receipt of designated ground terminal tails. In the
configuration and path shown in FIG. 2, the trace 107
may be considered as bisecting the anti-pad 105 into
two equal, and preferably symmetrical halves, or
parts, 105a, 105b. This conductive trace 107 forms a
web that extends through the anti-pads, and preferably
through the centers of the anti-pads 105 to provide a
ground signal path between the two differential signal
vias without adversely effecting the impedance of the
transmission line defined by the two differential
signal vias. This thin interconnecting web 107 can be
seen to extend in a line between the two ground vias
112 of the ground plane 104. This conductive ground
signal path is utilized to improve localized signal
integrity because is provide a short electrical path
through the open area surrounding the vias, minimizing
the length that ground signals must travel during
operation of the differential signal vias.
Additionally, the thin interconnecting web runs
between (when viewed from above or below) the two
differential signal via exit traces as shown, it being
understood that the signal traces are located in a
plane different than that of the ground reference
plane. This structure maintains a reference member in
close proximity to the differential signal traces
within the large 



open area so that coupling is maintained between the
signal traces and the reference ground plane. As such,
there is no danger of signals traveling along these
signal traces being primarily coupled to a ground that
is a relatively larger distance away, which could
create an area for coupling with a large signal to
ground distance which could cause a slowdown in the
operation of high speed an frequency signal
transmission. FIG. 3 is the same view as FIG. 2, but
in FIG. 3 the interconnecting web 107 has been removed
for clarity in order to view the conductive layers of
the circuit board that lie beneath theground plane
layer 104 of the circuit board 100. The lower layers
of the circuit board may be seen to include a
conductive pathway 120 that also extends between the
two differential signal vias and this serves as a
conductive ground reference routing channel or path
that follows the path of the signal traces 123 that
exit from the two differential signal vias 102. This
conductive path 120 is much wider than the
interconnecting webs 107 and although it lies adjacent
underneath the ground plane layer, it is separated
therefrom by way of an insulating layer such as is
known and used in the art of printed circuit board
construction. This pathway 120 follows the path that
the differential signal traces 125 will take as they
exit from or are routed out from the differential
signal vias. As seen best in FIG. 4, the signal traces
125 extend from their respective vias toward each
other first by way of stub, or flag, portions 126 that
taper down to thin portions 127 that extend in a
predesignated pattern. The ground pathway 120 is
preferably formed as a wide path, that extends
completely underneath the two signal traces 125, and
most preferably extend slightly over the outside edges
of the signal traces 125, as seen best in FIG. 4A,
which also shown the intervening board material
separating the layers in the vertical direction. As
such, they provide a ground reference for the two
signal traces. The signal traces 125 may be considered
as flanking the thin interconnecting strip 107. FIG. 5
illustrates the interconnecting web 107 shown in place
and its location with respect to the ground channel
route routing path 120 and its location relative to
the differential 



signal traces 125, one of which passes under the
interconnecting web 107. FIGS. 6A and 6B illustrate
another plan view of a circuit board structure
constructed in accordance with the principles of the
present invention, which shows variations of the
ground routing channel 120. Pn the embodiment
illustrated, the ground routing channel will taper
down from wide extents 140 to a thin interconnecting
web 141 that preferably has the same width as the
interconnecting element 107 for the upper ground plane
layer 104 and which also preferably passes through the
center between the two differential signal vias. In
FIG. 6A, there is no such interconnecting web 141 for
the ground routing channel 120, and it can be seen
that they terminate in alignment with each other along
the dashed lines 129 of FIG. 6A, which represent an
extension as can be seen of the aligned diameters of
the two differential signal vias. They further
terminate outside of the center area between the two
signal vias 102, so that if a tangent were drawn along
their terminating faces, the tangent would preferably
run outside of the inner walls of the vias as
shown.FIG. 7 illustrates the same view as FIG. 6B, but
with the ground plane interconnecting web 107 of the
upper ground layer shown extending between both the
differential signal vias 102. It also shows the
differential signal traces 125 that exit from the vias
103. As can be determined from the Figure, the
interconnecting web 107 lies above and preferably
aligned with the web 141 of the ground layer disposed
beneath in the circuit board. The differential signal
traces 125 that trace a path from the vias to
elsewhere on the circuit board are also shown and
these flank the interconnecting webs 107, 141. FIG. 8A
is a view of another circuit board 200 with a
different design, and is a plan diagrammatic view of a
circuit board incorporating another design in
accordance with the principles of the present
invention, wherein the anti-pad is generally
rectangular and having been split into two square or
rectangular anti-pad halves by the intervening
conductive interconnecting element of the ground plane
layer. The overall anti-pad 205 is generally
rectangular and is split into two square or
rectangular anti-pad halves 205a, 205b by the 



intervening conductive interconnecting element 207 of
the ground plane layer 204 that extends between the
two differential signal vias 202. FIG. 8B is the same
view as FIG. 8A, but illustrating the differential
signal traces 225 as they are routed out from their
respective vias 202. FIG. 9A is another embodiment of
a circuit board 300 with a layout constructed in
accordance with the principles of the present
invention in which the conductive interconnecting
ground plane element 307 extends through the anti-pad
305 in a bifurcated manner, that is it includes an
bend or angle 306 that defines two different extents
307a, 307b of the interconnecting element 307. This
element 307 divides the anti-pas 305 into two
asymmetrical and unequal parts 305a, 305b. FIG. 9B
illustrates the differential signal traces that leave
from their respective vias in alignment with the
interconnecting element. FIG. 1OA is a variation of
the circuit board layout of FIGS. 8A and 8B, in which
the antipads 505 are relatively large and rectangular
in configuration with end notches 540 to accommodate
the associated ground plane vias 512, and in which the
conductive interconnecting element 507 divides the
anti-pad into two symmetrical halves 505a, 505b. FIG.
1OB illustrates the route out paths of the signal
traces 525 from the two differential signal vias 502.
FIG. 11 illustrates another embodiment and in the
Figure, the interconnecting web 107 has been removed
fro clarity. In this structure, the ground routing
area 120 is disposed beneath the layer in which the
differential signal traces 125 are disposed and
further underneath the top reference ground plane
layer 104. The ground routing area 120 has a wide stub
that extends intothe area beneath the differential
signal traces and further includes a thin portion that
extends from the stub portion in spaced- apart
alignment with the top interconnecting web 107. As
shown best in FIG. 12, the differential signal traces
initially extend out along the sides of the
interconnecting web 107 and then above the ground
routing area 120 where the differential signal traces
narrow down to their thin trace portions 127.CLAIMS :
1. A printed circuit board, comprising: at least one
pair of apertures configured to receive the contact
tail portions of a 



connector; at least one ground plane, and for and for
each pair of apertures corresponding to a differential
signal pair, an area surrounding the pair of apertures
is free of the ground plane layer and the ground plane
having a thin interconnecting element that extends
through the area surrounding the differential signal
pair, separating the area in two distinct parts. 2.
The printed circuit board of claim 1, wherein the area
surrounding the pair of apertures free of the ground
plane layer has an oval configuration. 3. The printed
circuit board of claim 1, wherein the area surrounding
the pair of apertures free of the ground plane layer
has a rectangular cofiguration. 4. The printed circuit
board of claim 1, wherein the pairs of apertures are
aligned along a routing channel that extends in
alignment with the interconnecting element. 5. The
printed circuit board of claim 1, wherein the
interconnecting element separates the area surrounding
into two symmetrical areas. 6. The printed circuit
board of claim 5, wherein the two symmetrical areas
are equally sized. 7. The printed circuit board of
claim 1, wherein said interconnecting element extends
in a linear fashion through said area surround said
pair of apertures. 8. The printed circuit board of
claim 1, wherein the interconnecting element separates
said area surrounding said pair of apertures into two
asymmetrical areas.9. The printed circuit board of
claim 1, wherein said interconnecting element includes
at least one bend that is positioned between opposing
ends of said interconnecting element. 10. The printed
circuit board of claim 1, wherein said interconnecting
element extends in a non-linear fashion through said
area surround said pair of apertures. 11. The printed
circuit board of claim 1, wherein said apertures are
plated with a conductive material. 



12. The printed circuit board of claim 1, further
including a second pair of apertures, the second pair
of apertures being disposed in said ground plane and
the apertures being aligned with said thin
interconnecting element. 13. The printed circuit board
of claim 1, wherein said circuit board includes
multiple layers, and said ground plane is disposed in
a first layer of said circuit board, said circuit
board further including a pair of conductive signal
traces leading from said apertures to another area of
said circuit board, the signal traces being disposed
in a second layer of said circuit board adjacent said
circuit board first layer, said signal traces flanking
at least a portion of said thin interconnecting
element. 14. The printed circuit board of claim 13,
wherein said circuit board a conductive ground routing
area disposed in a third layer of said circuit board,
the third layer being disposed adjacent said circuit
board second layer and spaced apart from said circuit
board first layer. 15. The printed circuit board of
claim 14, wherein said ground routing area extends
beneath said thin interconnecting element has at least
one portion thereof which is wider than said thin
interconnecting portion. 16. The printed circuit board
of claim 14, wherein said ground routing area extends
beneath said thin interconnecting element has a first
stub portion which is wider than said thin
interconnecting portion, and a second web portion
which has a width equal to that of saidinterconnecting
element. 


