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CROSS TALK REDUCTION FOR HIGH-SPEED FXECTRICAL CONNECTORS 

BACKGROUND 
[0001] Electrical connectors provide signal connections between electronic devices 

using signal contacts. Often, the signal contacts are so closely spaced that undesirable 
interference, or "cross talk," occurs between adjacent signal contacts, Cross talk occurs when a 

signal in one signal contact induces electrical interference in an adjacent signal contact due to 
interfering electrical fields, thereby compromising signal integrity. Cross talk may also occur 
between differential signal pairs. Cross talk generally increases as the distance between the 

interfering signal contacts is reduced. 
[0002] With the continued miniaturization of electronic devices, and the ever-

increasing desire for high-speed electronic communications, the reduction of cross talk is 
generally an important objective in electrical connector design. 

SUMMARY 
|0003] In one embodiment, a printed circuit board includes a printed circuit board body, 

a plurality of signal conductors, a plurality of ground conductors, and a ground coupling 
assembly that contacts and electrically connects at least a pair of the ground conductors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0004] Fig. 1A is a perspective view of an electrical connector assembly constructed in 

accordance with one embodiment, including first and second electrical connectors; 
[0005] Figs. IB through IE depict additional perspective views of the electrical 

connector assembly illustrated in Fig. 1A; 
[0006] Fig. 2A is a perspective view of a portion of the electrical connector assembly 

illustrated in Fig. 1A, including the first electrical connector and printed circuit boards of the 

second electrical connector; 
[0007] Fig. 2B is a top perspective view of a portion of the electrical connector 

assembly illustrated in Fig. 2A with the upper surface the substrate body removed; 
[0008] Fig. 2C is a top plan view the printed circuit boards of the electrical connector 

assembly illustrated in Fig. 2A; 
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[0009J Fig, 2D is a top plan view of a portion of the eiectrical connector assembly 

illustrated in Fig. 2A; 
[0010] Fig. 3A is a sectional side elevation view of the portion of the electrical 

connector assembly illustrated in Fig. 2A with; and 
[0011] Fig. 3B is a sectional side elevation view of a portion of a conventional 

electrical connector assembly. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
[0012] Electrical performance of existing electrical connectors having differential 

signal pairs, such as serial advanced technology attachment (SATA), serial attached small 
computer system interface (SCSI or SAS), including mini-SAS HD connectors, CXP connectors, 
back panel, and mezzanine connectors can be improved by electrically connecting ground 
contacts within the connectors. Embodiments described herein allow for a simple retrofit of 
existing connectors designed to operate at slower data transmission rates, resulting in a drop-in 
compatible, higher data transmission speed connector this is also compliant with developing new 
standards such as SATA Revision 2.6. SAS-2 Revision 15, and IEEE 802,3ap, the disclosure of 
each of which is hereby incorporated by reference as if set forth in its entirety herein. More 
specifically, embodiments described herein can shift resonance frequencies of existing 
connectors to extend the existing operating frequency range without changing the mating or 

mounting interface dimensions of existing standardized or non-standardized connectors. Stated 
another way, the described embodiments can allow existing connectors to be modified and/or 

replaced to produce a modified connector within the confines of the existing connector housing 

dimensions so that the modified connector effectively operates at faster data transmission rates 
(within frequency domain and time domain crosstalk limits such as six percent or less at about 
4Qps for time domain or about ~24dB or less (~26dB) for frequency domain at about 4Gps set 
forth in the standards), yet still remain drop-in compatible with existing connectors that cannot 
operate with the parameters of the new developing standards. The embodiments described 
herein are simple to construct, yet provides a significant advantage to existing implementers of 
various standards and a significant cost, savings to standard implementers and component 
suppliers. 

[00131 Referring to Figs. 1A-E, an electrical connector assembly 20 constructed in 

accordance with one embodiment includes a first electrical connector 22 and a complementary 

second electrical connector 24, such that the first and second electrical connectors 22 and 24 are 
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configured to be mated with each other. As shown, the first electrical connector 22 may be a 
SAS connector, including a mini-SAS HD connector, a SATA connector, a CXP connector, or 
any suitable alternative electrical connector, including an optical connector, configured to 
facilitate electrical communications between a first electrical device and second electrical device. 
That is, the first electrical connector 22 may define a first or mating interface 26 configured to 
mate with the second electrical connector 24 so as to establish an electrical connection between 

the first and second electrical connectors 22 and 24, and a second or mounting interface 28 

configured to be mounted onto a corresponding electrical component, such as a substrate which 

can be a printed circuit board, so as to establish an electrical connection between the first 
electrical connector 22 and the corresponding electrical component. Thus, when the first 

electrical connector 22 is fully mated with the second electrical connector 24 and the 
corresponding electrical component, the first electrical connector 22 places the substrate and the 
second electrical connector 24 in electrical communication with each other. 

[0014] Referring also to Figs. 2A-D, the first electrical connector 22 includes a 

dielectric or electrically insulative first connector housing 30 and a plurality of electrical contacts 

32 that are supported by the first connector housing 30. The first connector housing 30 defines a 
front end 30a and an opposed rear end 30b that is spaced from the front end 30a along a 
longitudinal direction L, a top end 30c and an opposed bottom end 30d that is spaced from the 

top end 30c along a transverse direction T that is substantially perpendicular to the longitudinal 
direction L, and opposed sides 30e that are spaced from each other along a lateral direction A 
that is perpendicular to both the transverse direction T and the longitudinal direction L. Unless 
otherwise indicated herein, the terms "lateral," "longitudinal," and "transverse" are used to 
describe the orthogonal directional components of various components. The terms "inboard" 
and "inner," and "outboard" and "outer" and like terms when used with respect to a specified 
directional component are intended to refer to directions along the directional component toward 
and away from the center of the apparatus being described. 

[0015] As will be appreciated from the description below, the front end 30a can define 
the mating interface 26 that is configured to be mated to the mating interface of the second 
electrical connector 24 along the longitudinal direction L, which can define a mating direction, 
and the bottom end 30d can define the mounting interface 28 that is configured to be mounted 
onto the corresponding eiectrical component along the transverse direction T, which can define a 
mounting direction. Because the mating interface 26 is oriented perpendicular with respect to 

the mounting interface 28, the electrical connector 22 can be referred to as a right-angle electrical 
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connector. Alternatively, the electrical connector 22 can be configured as a vertical electrical 
connector, whereby the mating interface 26 is oriented parallel to the mounting interface 28. 

[0016] It should be appreciated that while the longitudinal and lateral directions are 
illustrated as extending along a horizontal plane, and that the transverse direction is illustrated as 
extending along a vertical plane, the planes that encompass the various directions may differ 
during use, depending, for instance, on the orientation of the various components. Accordingly, 
the directional terms "vertical" and "horizontal" are used to describe the connector assembly 20 
and its components as illustrated merely for the purposes of clarity and convenience, it being 
appreciated that these orientations may change during use. 

[0017] Each of the eiectrical contacts 32 defines a mating end 32a that is disposed 
proximate to the mating interface 26 and configured to mate with a mating end of the 
complementary electrical contacts of the second electrical connector 24 when the first eiectrical 
connector 22 is mated to the second electrical connector 24. Each of the electrical contacts 32 
further defines a mounting end 32b that is configured to be mounted to the corresponding 
electrical component. In accordance with the illustrated embodiment, the mating ends 32a are 
orientated along the longitudinal direction L, and the mounting ends 32b are orientated along the 

transverse direction T. Because the mating ends 32a are orientated perpendicular to the 
mounting end 32b, the electrical contacts 32 can be referred to as right-angle electrical contacts. 
Alternatively, the electrical contacts 32 can be configured as a vertical electrical contacts, 
whereby the mating ends 32a are oriented parallel to the mounting ends 32b. 

[0018] The electrical contacts 32 can be arranged as desired. For instance, in 
accordance with the illustrated embodiment, the electrical contacts 32 define at least one row, 
such as a plurality of rows 35 of electrical contacts 32, the rows 35 spaced from each other along 
the transverse direction T at the mating interface 26. Thus, the electrical contacts 32 of each row 
35 are spaced from each other along a row direction. The rows 35 can be spaced from each other 
along the longitudinal direction L at the mounting interface 28. The electrical contacts 32 of 
each of the rows 35 are spaced from each other along the lateral direction A. The electrical 
connector 22 can define at least one receptacle 33 at the mating interface 26 defined between 
adjacent rows 35 along the transverse direction T. 

[0019] In accordance with the illustrated embodiment, the mating interface 26 defines 
two pairs of adjacent rows 35 of electrical contacts 32, such that each pair of adjacent rows 35 
defines corresponding receptacles 33a and 33b that are spaced from each other along the 
transverse direction T and configured to receive a corresponding substrate or alternatively 
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constructed mating end of the second electrical connector 24 so as to mate the first electrical 

connector 22 to the second electrical connector 24. Thus, the first electrical connector 22 can be 
referred to as a receptacle connector whose electrical contacts 32 are configured to receive the 
mating end of the second electrical connector 24, While the electrical connector 22 is illustrated 

as defining first and second receptacles 33a and 33b, it should be appreciated that the electrical 
connector 22 can define any number of receptacles 33, for instance at least one receptacle. Each 
receptacle 33 can be elongate along the lateral direction A and configured to receive the mating 
end of the second electrical connector 24 along the longitudinal mating direction. Each 
receptacle 33 is defined by a pair of electrical contacts 32 disposed on opposed transverse sides 
of the receptacle 33, such that the electrical contacts 32 are configured to establish an electrical 
connection with the substrate of the second electrical connector 24 that is inserted in the 
receptacle 33, 

[002®] At least one up to all of the electrical contacts 32 can define signal contacts 37 
and at least one such as a plurality of the electrical contacts 32 can define ground contacts 39 that 
can be disposed between adjacent signal contacts 37, For instance, adjacent signal contacts 37 of 
each row 35 that are spaced along the lateral direction A can define differential signal pairs 41, 
and the ground contacts 39 can be disposed between adjacent differential signal pairs 41 along 
the row 35, or can be otherwise disposed as desired. Thus, the electrical contacts 32 can define a 

repeating S-S-G pattern, G-S-S pattern, S-G-S pattern along the lateral direction A in the 
respective row 35, or can define any other pattern as desired, wherein "8" identifies a signal 
contact 37 and "G" identifies a ground contact 39. 

[0021] With continuing reference to Figs, 1A-1E, the second electrical connector 24 
can include a dielectric or electrically insulative second connector housing 34 and at least one 
substrate 36 that is carried by the second connector housing 34. The second connector housing 

34 can define a front end 34a and a rear end 34b that is spaced from the front end 34a along the 

longitudinal direction L, a top end 34c and a bottom end 34d that is spaced from the top end 34c 

along the transverse direction T, and opposed sides 34e that are spaced from each other along the 
lateral direction A, Each of the front end rear ends 34a and 34b can define respective front and 
rear surfaces that are elongate in a plane that is defined by the lateral direction A and the 
transverse direction T. The second electrical connector 24 defines a first or mating interface 27 
that can be defined by the front end 34a of the second connector housing 34 and is configured to 

mate with the mating interface 26 of the first electrical connector 22 when the first and second 

electrical connectors 22 and 24 are mated to each other. The second electrical connector further 
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defines a second or mounting interface 29 that is configured to be mounted onto a corresponding 

eiectrical component so as to establish an electrical connection between the second electrical 

connector 24 and the corresponding electrical component, which can include a plurality of 

cables. Thus, the second electrical connector 24 and the cable can define a cable assembly that is 

configured to mate with the first electrical connector 22 so as to place the at least one cable in 
electrical communication with the first electrical connector 22, and thus to the electrical 
component to which the first electrical connector 22 is mounted when the first electrical 
connector 22 is mounted to the corresponding electrical component. 

[0022] Referring also to Figs. 2A-2D, the electrical connector 24 can include a pair of 
substrates 36 that are supported by the second connector housing 34 and spaced from each other 
along the transverse direction T. Each of the substrates 36 can, for instance, be disposed 
proximate to the mating interface 27, and are configured to be inserted into respective ones of the 
corresponding pair of receptacles 33 of the first electrical connector 22 when the first electrical 
connector 22 is mated to the second electrical connector 24, thereby establishing an electrical 
connection between the substrates 36 arid ones of the electrical contacts 32 of the first electrical 
connector 22. Accordingly, the electrical connector 24 can be referred to as a plug connector 

having at least one substrate 36 that is received in a corresponding receptacle of the first 
electrical connector 22 so as to establish an electrical connection between ones of the electrical 

contacts 32 of the first electrical connector 22 and the at least one substrate 36. 
[0023] At least one or both of the substrates 36 includes a respective dielectric or 

electrically nonconductive substrate body 51 and at least one signal conductor 43 such as a 

plurality of signal conductors 43 that are supported by the substrate body 51, and at least one 

ground conductor 45 such as a plurality of ground conductors 45 that are supported by the 
substrate body 51. The substrate body 51, which can define a printed circuit board body, can 
define a first or upper surface 5 la and a second or lower surface 51b that is spaced from the 
upper surface 51a along the transverse direction T, The upper surface 5 la and the lower surface 
51 b can extend along the lateral direction A and the longitudinal direction L. 

[0024] Each of the substrate bodies 51 can also define a third or front surface 51 c and a 

fourth or rear surface 5 Id that each extends between the upper surface 51a and the lower surface 

51b along lateral direction A and transverse direction T. It should be appreciated that the front 
and rear surfaces 51c and 5 Id define respective front and rear ends of the substrate body 51, and 
reference to the front and rear surfaces 51c and 5Id further includes reference to the front and 

rear ends. The front surface 51c is spaced from the rear surface 51 d along the longitudinal 
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direction L, and is defined by a leading end of the respective substrate 36 with respect to 

insertion into a corresponding receptacle 33 of tSie first electrical connector 22. Each of the 
substrate bodies 51 can further define a midline 59 spaced equidistantly between the front 
surface 51c and the rear surface 5Id. 

[0025] The front surface 51c can be configured to be inserted into a corresponding one 
of the receptacles 33 of first eiectrical connector 22 along a forward longitudinal direction, such 
that rear surface 5 Id is disposed rearward of the corresponding receptacle 33 along the 
longitudinal direction L. Rear surface 5 Id can be configured to be supported by to connector 
housing 34, such that the signal conductors 43 are routed through the connector housing 34 so as 
to define the mounting interface 29. As illustrated, longitudinal direction L is the direction 
substrate 36 is inserted in order to be mated. Longitudinal direction L can therefore be referred 
to as the mating direction, which can be an insertion direction in accordance with the illustrated 
embodiment. Thus, it is to be understood that printed circuit board body defines a front surface 
51c that is configured to be inserted into a receptacle 33 of a complementary electrical connector 
22 along a mating direction, the printed circuit board body further defining a rear surface 5Id 

opposite the front surface 5 Id along the mating direction 
[0026] As described above, each substrate 36 can include a plurality of electrical signal 

conductors 43 that are supported by the substrate body 51, Each signal conductor 43 can include 
a signal contact pad 42 and at least one electrically conductive signal trace 47 that is in electrical 
communication with the signal contact pad 42 and the mounting interface 29. For instance, the 

signal trace 47 can be monolithic with the contact pad 42. Each signal conductor 43 can elongate 
along the corresponding substrate body 51 in the longitudinal direction L. For instance, at least a 
portion of each signal conductor 43 can extend along one of the upper and lower surfaces 51a 
and 51b, or can be embedded in the substrate body 51 between the upper and lower surfaces 51a 
and 51b. In accordance with the illustrated embodiment, the signal contact pads 42 are carried 
by the respective one of the upper and lower surfaces 51a and 51b, and the signal trace 47 can be 
likewise carried by the respective one of the upper and lower surfaces 51a and 51b, or embedded 
in the substrate body 51 between the upper and lower surfaces 51a and 51b. When the substrate 
36 is inserted into the receptacle 33 of the first electrical connector, the signal contact pads 42 
that are carried by the upper surface 51a are configured to contact the electrical signal contacts 
37 of one of the rows 35, for instance an upper row, of the pair of rows that defines the 
receptacle 33. Similarly, when the substrate 36 is inserted into the receptacle 33 of the first 
electrical connector 22, the signal contact pads 42 that are carried by the lower surface 51a are 
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configured to contact the electrical signal contacts 37 of the other row, for instance the lower one 
of the rows 35 that defines the receptacle 33. The substrate body 51 can also contain at least one 

wear reduction pad 56 such as a plurality of wear reduction pads 56 that can be aligned with 

respective ones of the signal contact pads 42 along the longitudinal direction L. The wear 
reduction pads 66 can be disposed between the respective signal contact pads 42 and the 
electrically conductive trace 48. 

[0027] Further as described above, each substrate 36 can include a plurality of electrical 
ground conductors 45 that are supported by the substrate body 51. At least one or both of the 
substrates 36 further support a plurality of ground conductors 45 that can each include a ground 
contact pad 44 and an electrically conductive trace 48 that is in electrical communication with 
the contact pad 44. For instance the electrically conductive trace 48 can be monolithic with the 
ground conductors 45 and contact pad 44. Each ground conductor 45 can extend along the 

corresponding substrate body 51 in the longitudinal direction L. For instance, at least a portion 
of each ground conductor 45 can extend along one of the upper and Sower surfaces 51a and 51b, 
or can be embedded in the substrate body 51 between the upper and lower surfaces 51a and 51b. 
In accordance with the illustrated embodiment, the ground contact pads 44 are carried by the 
respective one of the upper and lower surfaces 51a and 51b, and the electrically conductive trace 
48 can be likewise carried by the respective one of the upper and lower surfaces 5 la and 5 lb, or 
embedded in the substrate body 53 between the upper and lower surfaces 51a and 51b. When the 
substrate 36 is inserted into the receptacle 33 of the first electrical connector, the ground contact 
pads 44 that are carried by the upper surface 51a are configured to contact the electrical ground 
contacts 39 of one of the rows 35, for instance an upper row, of the pair of rows that defines the 

receptacle 33. Similarly, when the substrate 36 is inserted into the receptacle 33 of the first 
electrical connector 22, the ground contact pads 44 that are carried by the lower surface 51a are 
configured to contact the electrical ground contacts 39 of the other row, for instance the lower 
one of the rows 35 that defines the receptacle 33. Thus, it is to be understood that the ground 

conductor 45 and signal conductors 43 are configured to be mated with respective 
complementary electrical ground contacts and electrical signal contacts of the complementary 
first electrical connector 22. 

[0028] The ground conductor 45 can be located between adjacent signal conductors 43 
and elongate along the corresponding substrate body 51 in the longitudinal direction L between 

the front surface 51 c and the rear surface 51 d. The signal conductors 43 and the ground 
conductors 45 may be spaced apart from one another and arranged along the lateral direction A, 
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which can define a row direction. While the signal contact pads 42 arid ground contact pads 44 
may be aligned with one another along the row direction (as depicted in Figs. 2A-2D), signal 

contact pads 42 and ground contact pads 44 may also be offset from one another along 
longitudinal direction L (and thus not aligned along the lateral direction A). Thus, it is to be 
understood that he printed circuit board body defines an upper surface 51 a and a lower surface 
51b that are spaced from each other along a direction perpendicular to the mating direction, each 
of the upper surface 51 a and the lower surface 51 b extending along the mating direction and a 
row direction, and the ground conductors 45 and signal conductors 43 being spaced from each 
other along the row direction. It is to be further understood that each of the front surface 51c and 
rear surface 5Id extends along the row direction. 

[0029] When the first and second electrical connectors 22 and 24 are fully mated to 
each other, each of the substrates 36 of the second electrical connector 24 are inserted into a 

respective one of the receptacles 33 of the first electrical connector 22 along the longitudinal 
direction L to a depth sufficient for the signal contact pads 42 to contact the mating ends 32a of 

the electrical signal contacts 37 of the first electrical connector 22 so as to mate with the 
complementary electrical signal contacts 37. Similarly, when the first and second electrical 
connectors 22 and 24 are fully mated to each other, each of the substrates 36 of the second 
electrical connector 24 are inserted into a respective one of the receptacles 33 of the first 
electrical connector 22 along the longitudinal direction L to a depth sufficient for the ground 
contact pads 44 to contact the mating ends 32a of the electrical ground contacts 39 of the first 
electrical connector 22 so as to mate with the complementary electrical signal contacts 39. Thus, 
adjacent signal conductors 43 along the lateral direction A can define differential signal pairs 55, 

and the ground conductors 45 can be disposed between adjacent a respective one of the 
differential signal pairs 55, for instance between adjacent differential signal pairs, or can 
otherwise disposed as desired. Thus, the signal conductors 43 and the ground conductors 45 can 
define a repeating S-S-G pattern, G-S-S pattern, S-G-S pattern, or any other pattern as desired 
along the lateral direction A, wherein "S" identifies a signal conductor 43 and "G" identifies a 

ground conductor 45. 
[0030] With continuing reference to Figs. 2A-2D, at least one up to all of the substrates 

36 can include a ground coupling assembly 46 that is configured to electrically connect at least 
two ground conductors 45 while maintaining electrical isolation with respect to the signal 
conductors 43, such that a dielectric material, such as the substrate body 51 alone or in 
combination with air, separates all of the ground coupling assembly 46 from all of the signal 
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conductors 43, In accordance with one embodiment, the ground coupling assembly 46 can be 

provided as one or more electrically conductive ground commoning members 53 that place at 
least two or more up to all of the ground contact pads 44 in electrical communication with each 
other. Example ground commoning members 53 include electrically conductive ground traces, 
some or all of which can be connected to each other or monolithic with each other so as to define 
an electrically common ground trace 61, and electrically conductive ground vias 57, which can 
each be defined by a ground via 52 and an electrically conductive ground mass 50 located inside 
the ground via 52 and extending along an entirety of the length of the ground via 52 along the 
transverse direction T, or along a direction that separates the upper and lower surfaces 51a and 
51 b from each other. For instance, the ground vias 52 can extend between the upper and lower 
surfaces 5 la and 51b. For instance, at least one or up to all of the ground vias 52 can extend 
from the upper surface 51 a to the lower surface 51b. Alternatively or additionally, at least one or 
up to all of the ground vias 52 can extend from the upper surface 51a toward the lower surface 
5 lb, and terminate between the upper surface 51a and the lower surface 51b. Alternatively or 
additionally still, at least one or up to all of the ground vias 52 can extend from the lower surface 
51b toward the upper surface 51a, and terminate between the upper surface 51a and the lower 
surface 5 lb. Alternatively or additionally, at least one or up to all of the ground vias 52 can 
extend from opposed terminal ends that are both disposed between the upper surface 51a and the 
lower surface 51b. Thus, it can be said that the ground vias 52 can extend at least partially 
through the substrate body 51, for instance partially or completely through the substrate body 51 
or partially through the body 51. 

[0031] At least one or more up to all of the ground coupling members 53 can be in 
electrical contact with at least two or more, up to all, of the ground conductors 45 that are spaced 
from each other along the row direction. For instance, the at least one or more up to all of the 
ground coupling members 53 can contact each of the at least two or more, up to all, of the 
ground conductors 45 at a location between the midline 59 and the front surface 51c. In 
accordance with the illustrated embodiment, the electrically conductive common ground trace 61 
contacts the two or more, up to all, of the ground conductors 45 at a location between the midline 
59 and the front surface 51c. Alternatively or additionally, one or more of the electrically 
conductive vias 57 can contact the two or more, up to all, of the ground conductors 45 at a 
location between the midline 59 and the front surface 51c. 

[0032] As described above, the ground commoning members 53 can include 

electrically conductive ground traces, some or all of which can be connected to each other or 
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monolithic with each other so as to define an electrically conductive common ground trace 61, 

and electrically conductive ground vias 57, For instance, the electrically conductive common 
ground trace 61 can include at least one electrically conductive trace 48 that extends along the 
lateral direction A between the opposed sides 5 Se of the substrate body 51, and a plurality of 

electrically conductive links 49 that extend between at least a select one of the electrically 
conductive traces 48 and individual ones of the ground conductors 45, for instance at the ground 
contact pads 44, thereby electrically connecting the individual ground contact pads 44, individual 
links 49, and the electrically conductive traces 48. For instance, a select electrically conductive 
trace 48 can be disposed along the upper surface 51 a of the substrate body 51, and a select 
electrically conductive trace 48 can further be disposed along the lower surface 51b of the 
substrate body 51. Thus, the links 49 can contact the ground conductors 45, for instance at the 
ground contact pads 44, at a location between the midline 59 and the front surface 51c of the 
substrate body 51, It should be appreciated that the electrically conductive ground traces 61 can 
be constructed as desired, and can be devoid of the links 49, for instance when the select 
electrically conductive trace 48 contacts the ground conductors 45, for instance at a location 
between the midline 59 and the front surface 51c of the substrate body 51. In accordance with 

the illustrated embodiment, the links 49 space the electrically conductive trace 48 forward 
toward the front surface 51c of the substrate body 51 with respect to the ground contact pads 44, 
According to example embodiments, the conductive common ground trace 61 may be 
electrically connected to a pair of ground conductors 45 up to all of the ground conductors 45 
carried by the substrate body 51. The ground conductors 45 and the conductive common ground 
trace 61 may also be integral and monolithic with each other. 

[0033] In accordance with the embodiment illustrated in Figs. 2A-2D, the electrically 
conductive traces 48, and thus the electrically conductive common ground trace 61, are 
connected between at least a pair up to all of the ground conductors 45. At least a portion up to 
all of the electrically conductive common ground trace 61 can extend along the upper surface 
51a, can alternatively or additionally extend along the lower surface 51b, and can alternatively or 
additionally be embedded in the substrate body 51 at a location between the upper and lower 
surfaces 5 la-b. The select electrically conductive trace 48, and up to all of the electrically 
conductive traces 48, can extend substantially across the substrate body 51 along the lateral 
direction A at a location spaced forward from the signal conductors 43, and thus between the 
signal conductors 43 and the front surface 51. Thus, the electrically conductive common ground 

trace 61 places the ground conductors 45 that are in electrical communication with the 
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electrically conductive common ground trace 61 in electrical communication with each other. It 
is therefore to he understood that the ground coupling assembly 46 that is in electrical contact 
with at least two of the ground conductors at a location forward of the signal conductors 43 along 
a direction from the rear surface 5 Id toward the front surface 51c. 

[0034] With continuing reference to Figs. 2A-D, the ground coupling assembly 46 can 
include at least one electrically conductive ground mass such as a plurality of conductive ground 
masses 50 that extend along transverse direction T into or through the substrate body 51 at a 
location aligned with the electrically conductive traces 48. The electrically conductive common 
ground trace 61 and the conductive ground mass 50 can be constructed from any desirable 
electrically conductive material as desired. For instance, at least a portion of the electrically 
conductive ground common trace 61 can extend along a first surface of the substrate body 51, 
which can be the upper surface 51a in accordance with the illustrated embodiment, and the 
ground coupling assembly 46 can further include at least one such ground via 52 such as a 
plurality of ground vias 52 that extend toward a second surface that is spaced from the first 
surface along the transverse direction T. For instance, the electrically conductive common 
ground trace 61 can include a plurality of electrically conductive traces 48 that are carried by the 
substrate body 51. For instance, one of the electrically conductive traces 48 can extend along the 
upper surface 5 la, the lower surface 5 lb, and/or between the upper and lower surfaces 51a and 

51b. Thus, the second surface can be the lower surface 5 lb in accordance with the illustrated 
embodiment. It should thus further be appreciated that the first surface can be the lower surface 
51 b and the second surface can be the upper surface 51 a. Thus, it is to be understood that the 
electrically conductive common ground trace 61 may contains a first electrically conductive trace 

48 and a second electrically conductive trace 48 that is spaced from the first electrically 

conductive trace along a direction that is perpendicular to the mating direction, the second 

electrically conductive trace 48 being in electrical communication with the first electrically 
conductive trace 48 and elongate along a direction that is perpendicular to the mating direction. 
It is to be further understood that the first and second conductive traces 48 elongate along a third 
direction that is perpendicular to both the mating direction and the second direction, the second 
direction being perpendicular to the mating direction, 

[0035] The ground masses 50 can be disposed in a corresponding one of the ground 
vias 52 to form electrically conductive ground vias 57, such that the ground masses 50 contact, 
and are in electrical communication with, two or more up to all of the electrically conductive 

traces 48. The ground masses 50 are thus in electrical communication with at least two up to all 
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of the ground conductors 45. Further, the ground masses 50 and vias 52 can be aligned with the 
electrically conductive trace 48, and thus the electrically conductive common ground trace 61, 

such that the electrically conductive trace 48 or alternative portion of the electrically conductive 

common ground trace 61 (such as the links 49) overlays and contacts the ground mass 50 (see 

Fig. 2B). Alternatively, the ground masses and vias can extend through the electrically 
conductive trace 48, electrically conductive common ground trace 61, such that the conductive 
electrically conductive trace 48 or alternative location of the electrically conductive common 
ground trace 61 (such as the links 49) contacts the ground mass 50. 

[§036] In accordance with the illustrated embodiment, the ground masses 50 can be 
spaced along a center-to-center distance along the lateral direction A that is substantially equal to 
a center-to-center distance between adjacent ones of the contact pads (including the signal 
contact pads 42 and the ground contact pads 44) in the lateral direction A. Thus, it is to be 
understood that the vias 57 are spaced a center-to-center distance along the row direction that is 
equal to that of the distance between adjacent signal conductors 43 and ground conductors 45 

along the row direction, 
[0037] As described above, the ground coupling assembly 46 can include at least one 

electrically conductive common ground trace 61 that extends along the upper surface 51a, and 

can further include electrically conductive traces 48 that extend along the upper surface 51a, 

between the upper and lower surfaces 51a-b, and along the lower surface 51b. Each of the 
electrically conductive traces 48 in the ground coupling assembly 46 may be spaced in a column 

along the transverse direction T between the upper and lower surfaces 51a and 5 lb of the 
substrate 36. Additionally, each of the electrically conductive traces 48 may be spaced between 
the upper and lower surfaces 51a and 51b of the substrate 36 in a direction that includes the 
transverse direction T in addition to one or both of longitudinal direction L and lateral direction 
A . The at least one ground mass 50 can extend between two or more of the electrically 
conductive traces 48 of the ground coupling assembly 46 so as to place each of the ground traces 

of at least a pair or more up to all of the ground conductors 45 in electrical communication with 
each other. Thus, it is to be understood that a via and an electrically conductive ground mass 

located inside the via extend between a first electrically conductive trace 48 and a second 

electrically conductive trace 48. 
[0038] With continuing reference to Figs. 2A-D, in addition to the electrically 

conductive ground vias 57, the substrate 36 can further include additional electrically conductive 
ground vias 54 and 65 that extend through substrate 36, and can be arranged in columns 60 
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oriented along the longitudinal direction L and rows 62 oriented along the lateral direction A. 
The conductive ground vias 54 and 65, as described above with respect to the electrically 
conductive ground vias 57, can each be defined by a ground via and an electrically conductive 
ground mass located inside the ground via. The conductive ground vias 65 are similar to 
conductive ground vias 54 and further include a large pad 65 electrically coupled to the ground 
contact pads 44 by trace 66. The columns 60 of the electrically conductive vias 54 and 65 can be 
aligned with respective one of the electrically conductive ground vias 57. The columns 60 of the 
electrically conductive vias 54 and 65 may be located between adjacent signal traces 47, for 
instance between adjacent differential pairs 55. The additional electrically conductive vias 54 
and 65 may be electrically connected together by, for example, at least one ground trace 58. 
Ground trace 58 may electrically connect at least a pair up to all of the electrically conductive 
vias 54 and 65 and extend along the longitudinal direction L and/or lateral direction A between 

surfaces 51 a and 51 b or on one or both of surface 51 a or 51 b. For example, one or more of the 
electrically conductive traces 58 can further be connected to one or more, up to all, of the 
conductive ground vias 54 and 65. For instance, one or more of the ground traces 58 can be 
connected to the conductive ground vias 54 and 65 of respective columns 60 alone or in 
combination with rows 62. Further, individual ground traces 58 may be attached to electrically 

conductive trace 48 at select regions along lateral direction A. 
[0039] Referring now to Figs. 3A-B, and as described above, when the first and second 

electrical connectors 22 and 24 are fully mated to each other, each of the substrates 36 is inserted 
into a respective one of the receptacles 33 of the first electrical connector 22 to an insertion depth 
sufficient for the signal contact pads 42 to mate with the electrical signal contacts 37 of the first 

electrical connector 22 and the ground contact pads 44 to mate with the electrical ground 

contacts 39 of the first electrical connector. For instance the signal contact pads 42 contact the 
mating ends 32a of complementary ones of the electrical signal contacts 37, and the ground 
contact pads 44 contact the mating ends 32a of complementary ones of the electrical ground 
contacts 39. As illustrated in Fig. 3A, when electrical connectors 22 and 24 are fully mated, the 
ground coupling assembly 46 of substrate 36 defines an insertion depth ID that is measured 
along the longitudinal direction L from a location of the contact pads 42 and 44 that contact the 
respective mating ends 32a of the electrical contacts 32 to the front surface 51c of the substrate 

body 51 along the longitudinal direction L. Thus, the insertion depth ID can also be defined by a 
distance along the longitudinal direction between the mating ends 32a and the front surface 51 c 

of the substrate body 51 along the longitudinal direction L. The insertion depth ID can be greater 
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than that of conventional substrates of the type illustrated in Fig, 3B that do not include the 
ground coupling assembly 46. In accordance with one embodiment, the insertion depth ID can 
be greater than that of the conventional substrate (for instance by 0.8 ram) in order to provide 
clearance for the ground masses 50 and the electrically conductive traces 48 that are disposed 
longitudinally forward with respect to the signal contact pads 42. 

[0040] Furthermore, as illustrated, the first eiectrical connector 22 does not include any 
metallic shields, though it should be appreciated that, unless otherwise specified, the first 
electrical connector 22 can include one or more metallic shields that can be provided, for 
instance as metallic crosstalk plates that cover substantially the entire length of the signal 
contacts 37 if desired. Thus, unless othenvise indicated, the first electrical connector 22 can be a 

shieldless connector (that is, a connector that operates in the absence of metallic crosstalk plates). 
[0041] Without being bound by theory, it is believed that shorting the ground contacts 

to each other at multiple locations makes the ground more robust and effectively shortens the 

electrical length of the ground, thereby shifting the electrical resonance of the ground contacts to 

higher frequencies. This improves both insertion loss and crosstalk. The ground coupling 
assembly 46 can thus achieve various performance advantages for the first electrical connector 
22 and connector assembly 20, such as shifting the frequency at which resonance occurs, which 
can refer to a frequency at which significant unwanted signal degradation occurs as described in 
more detail below. Shifting significant unwanted insertion loss resonances to higher frequencies 
can allow for more usable bandwidth in the connector assembly 20. The data transfer rate can be 
increased until a resonance frequency is encountered. At the resonance frequency, the crosstalk 
becomes too high (i.e., above six percent for time domain or a comparable time domain 

measurement) or the insertion loss to crosstalk ratio becomes too low and the connector no 
longer functions acceptably (out of specification or loss of data). Furthermore, it is believed that 

shifting the above-described resonant frequencies can be achieved without substantially altering 

the impedance profile of the connector. 
[0042] It should be noted that the illustrations and discussions of the embodiments 

shown in the figures are for exemplary puiposes only, and should not be construed limiting the 
disclosure. One skilled in the art will appreciate that the present disclosure contemplates various 
embodiments. Additionally, it should be understood that the concepts described above with the 
above-described embodiments may be employed alone or in combination with any of the other 

embodiments described above. It should be further appreciated that the various alternative 
embodiments described above with respect to one illustrated embodiment can apply to all 
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embodiments as described herein, unless otherwise indicated. 
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What is Claimed: 

1. A printed circuit board comprising: 
a printed circuit board body defining a front surface configured to be inserted into a 

receptacle of a complementary eiectrical connector along a mating direction; 
a plurality of signal conductors supported by the printed circuit board body and elongated 

along the mating direction; 
a plurality of ground conductors elongated along the mating direction and supported by 

the printed circuit board body at a location between adjacent ones of the signal conductors, each 
of the plurality of ground conductors and signal conductors configured to mate with respective 
complementary electrical ground contacts and electrical signal contacts of the complementary 
electrical connector; and 

an electrically conductive trace that is supported by the printed circuit board body and is 
in electrical communication with at least two of the ground conductors so as to electrically 

connect the at least two of the ground conductors to each other. 

2. The printed circuit board of claim 1, wherein the electrically conductive trace contacts the 

ground conductors 

3. The printed circuit board of claim 2, wherein the electrically conductive trace is a first 
electrically conductive trace, the printed circuit board further comprising a second electrically 
conductive trace that is spaced from the first electrically conductive trace along a second 
direction that is perpendicular to the mating direction, wherein the second electrically conductive 

trace is in electrical communication with the first electrically conductive trace. 

4. The printed circuit board of claim 3, wherein the electrically conductive trace is elongate 
along a third direction that Is perpendicular to both the mating direction and the second direction, 

the second direction being perpendicular to the mating direction. 

5. The printed circuit board of claim 3, further comprising a via and an electrically 
conductive ground mass located inside the via, the via and conductive ground mass extending 

between the first electrically conductive trace and the second electrically conductive trace. 
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6. The printed circuit board of claim 5, wherein the vias are spaced a center-to-center 
distance along a row direction that is equal to that of the distance between adjacent signal 

conductors and ground conductors along the row direction, 

7. The printed circuit board of claim 1, wherein the electrically conductive trace is elongate 
along a direction that is perpendicular to the mating direction. 

8. The printed circuit board of claim 1, wherein the printed circuit board body defines an 

upper surface and a lower surface that are spaced from each other along a direction perpendicular 
to the mating direction, wherein each of the upper surface and the lower surface each extends 
along the mating direction and a row direction, and the ground conductors and signal conductors 
are spaced from each other along the row direction, 

9. The printed circuit board of claim 8, wherein the electrically conductive trace extends 
along the upper surface. 

10. The printed circuit board of claim 8, wherein the electrically conductive trace extends 

along the lower surface. 

11. The printed circuit board of claim 8, wherein the electrically conductive trace is 
embedded between the upper surface and the lower surface. 

12. The printed circuit board of claim 1, wherein the electrically conductive trace is in 
electrical communication with all of the ground conductors. 

13. The printed circuit board of claim 1, wherein the electrically conductive trace and the 
ground conductors are integral and monolithic with each other. 

14. The printed circuit board of claim 1, wherein adjacent signal conductors define 
differential signal pairs, and the least two of the ground conductors are each disposed between 

adjacent differential signal pairs. 

15. A printed circuit board comprising: 
a printed circuit board body defining a front surface that is configured to be inserted into 

a receptacle of a complementary electrical connector along a mating direction, the printed circuit 

board body further defining a rear surface opposite the front surface along the mating direction: 

a plurality of signal conductors supported by the printed circuit board body; 
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a plurality of ground conductors supported by the printed circuit board body at a location 

between adjacent ones of the signal conductors, each of the plurality of ground conductors and 
signal conductors configured to mate with respective complementary electrical ground contacts 
and electrical signal contacts of the complementary eiectrical connector; and 

a ground coupling assembly that is in electrical contact with at least two of the ground 
conductors at a location forward of the signal conductors along a direction from the rear surface 

toward the front surface. 

16. The printed circuit board of claim 15, wherein the printed circuit board body defines an 
upper surface and a lower surface that are spaced from each other along a direction perpendicular 
to the mating direction, wherein each of the upper surface and the lower surface each extends 
along the mating direction and a row direction, the ground conductors and signal conductors are 
spaced from each other along the row direction, and each of the front and rear surfaces extends 
between the upper and lower surfaces. 

17. The printed circuit board of claim 16, wherein each of the front and rear surfaces extends 

along the row direction. 

18. The printed circuit board of claim 15, wherein the ground coupling assembly comprises 

an electrically conductive trace that contacts the at least two ground conductors. 

19. The printed circuit board of claim 18, wherein the electrically conductive trace is a first 

electrically conductive trace, the ground coupling assembly further comprising a second 

electrically conductive trace that is spaced from the first electrically conductive trace along a 

direction that is perpendicular to the mating direction, wherein the second electrically conductive 

trace is in electrical communication with the first electrically conductive trace. 

20. The printed circuit board of claim 19, wherein the ground coupling assembly further 
comprising a via and a conductive ground mass located inside the via, the via and the conductive 
ground mass extending between the first electrically conductive trace and the second electrically 
conductive trace along the direction that is perpendicular to the mating direction. 

21. The printed circuit board of claim 15, further comprising a via and a conductive ground 
mass located inside the via, the via and the conductive ground mass extending along a direction 
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between the upper and lower surfaces, the via and the conductive ground mass being in electrical 

communication with the ground conductors, 

22, The printed circuit board of claim 21, further comprising an electrically conductive trace 
that contacts both the electrically conductive ground mass and the at least two ground 

conductors, 

23, A printed circuit board comprising: 
a printed circuit board body defining a front surface that is configured to be inserted into 

a receptacle of a complementary electrical connector along a mating direction, the printed circuit 
board body further defining a rear surface opposite the front surface along the mating direction, 
and a midline disposed equidistantly between the rear surface and the front surface; 

a plurality of signal conductors supported by the printed circuit board body; 
a plurality of ground conductors supported by the printed circuit board body at a location 

between adjacent ones of the signal conductors along a row direction, each of the plurality of 
ground conductors and signal conductors configured to mate with respective complementary 
electrical ground contacts and electrical signal contacts of the complementary electrical 
connector; and 

a ground coupling member that is in electrical contact with at least two of the ground 
conductors that are spaced from each other along a row direction, wherein the ground coupling 

member contacts each of the at least two ground conductors at a location between the midline 

and the front surface. 

24. The printed circuit board of claim 23, wherein the printed circuit board body defines an 
upper surface and a lower surface that are spaced from each other along a direction perpendicular 
to the mating direction, wherein each of the upper surface and the lower surface each extends 
along the mating direction and the row direction, and each of the front and rear surfaces extends 
between the upper and lower surfaces. 

25. The printed circuit board of claim 24, wherein each of the front and rear surfaces extends 

along the row direction. 
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