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(57) Abstract: An electrical connector (100)
including a connector body (101) that has mat-
ing and loading ends (104, 106) and is config-
ured to receive a modular plug (145) at the
mating end (104). The electrical connector
also includes a contact sub- assembly (110)
that is held by the connector body. The contact
sub-assembly (110) includes an array of mat-
ing conductors (118) that are configured to en-
gage plug contacts (146) of the modular plug
(145) at mating interfaces (120) proximate to
the mating end (104). The mating conductors
(118) transmit a signal current along an inter-
connection path between the mating and load-
ing ends (104, 106). The contact sub-assembly
(110) also includes a plurality of open-ended
conductors electrically connected to corre-
sponding mating conductors (118). The open-
ended conductors are electrically parallel to
the interconnection path of the array of mating
. conductors (118) and generate crosstalk com-
FIG. 1 pensation as the signal current is transmitted
through the mating conductors (118).
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ELECTRICAL CONNECTOR HAVING AN
ELECTRICALLY PARALLEL COMPENSATION
REGION

BACKGROUND OF THE INVENTION

[0001] The subject matter herein relates generally to electrical connectors,
and more particularly, to electrical connectors that utilize differential pairs and

experience offending crosstalk and/or return loss.

[0002] The electrical connectors that are commonly used in
telecommunication systems, such as modular jacks and modular plugs, may provide
interfaces between successive runs of cable in such systems and between cables and
electronic devices. The electrical connectors may include contacts that are arranged
according to known industry standards, such as Electronics Industries Alliance /
Telecommunications Industry Association (“EIA/TIA”)-568. However, the
performance of the electrical connectors may be negatively affected by, for example,
near-end crosstalk (NEXT) loss and/or return loss. Accordingly, in order to improve
the performance of the connectors, techniques are used to provide compensation for
the NEXT loss and/or to improve the return loss. Such known techniques have
focused on arranging the contacts with respect to each other within the electrical
connector and/or introducing components to provide the compensation, e.g.,
compensating NEXT. For example, the compensating signals may be created by
crossing the conductors such that a coupling polarity between the two conductors is

reversed or the compensating signals may be created by using discrete components.

[0003] One known technique is described in U.S. Patent No. 5,997,358 (“the
‘358 Patent”). The patent discloses an electrical connector that introduces
predetermined amounts of compensation between two pairs of conductors that extend
from input terminals to output terminals along an interconnection path. Electrical
signals on one pair of conductors are coupled onto the other pair of conductors in two
or more compensation stages that are time delayed with respect to each other.
However, the techniques described in the ‘358 Patent have limited capabilities for

providing crosstalk compensation and/or improving return loss.
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[0004] Thus, there is a need for additional techniques to improve the
electrical performance of the electrical connector by reducing crosstalk and/or by

improving return loss.
BRIEF DESCRIPTION OF THE INVENTION

[0005] The solution is provided by an electrical connector and includes a
connector body that has mating and loading ends and that is configured to receive a
modular plug at the mating end. The electrical connector also includes a contact sub-
assembly that is held by the connector body. The contact sub-assembly includes an
array of mating conductors that are configured to engage plug contacts of the modular
plug at mating interfaces proximate to the mating end. The mating conductors
transmit a signal current along an interconnection path between the mating . and
loading ends. The contact sub-assembly also includes a plurality of open-ended
conductors electrically connected to corresponding mating conductors. The open-
ended conductors are electrically parallel to the interconnection path of the array of
mating conductors and generate crosstalk compensation as the signal current is

transmitted through the mating conductors.

[0006] The solution is also provided by connector that includes a connector
body that has an interior chamber and that is configured to receive a modular plug
when the modular plug is inserted therein in a mating direction. The connector also
includes a contact sub-assembly that is held by the connector body. The contact sub-
assembly includes an array of mating conductors that are configured to engage plug
contacts of the modular plug at mating interfaces in the chamber. Each mating
conductor extends in the chamber along the mating direction between an engagement
portion and an interior portion and is configured to have a signal current flow
therebetween. The connector also includes a circuit board that is held by the
connector body and has a plurality of open-ended conductors electrically connected to
corresponding mating conductors. At least two of the open-ended conductors
capacitively couple the engagement portion of a first mating conductor to the interior

portion of a second mating conductor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention will now be described by way of example with

reference to the accompanying drawings in which:

[0008] Figure 1 is perspective view of an exemplary embodiment of an

electrical connector.

[0009] Figure 2 is a perspective view of an exemplary embodiment of a

contact sub-assembly of the electrical connector shown in Figure 1.

[0010] Figure 3 is an enlarged perspective view of a mating end of the

contact sub-assembly shown in Figure 2.

[0011] Figure 4 is an exploded perspective view. of a prior art connecter that

includes multiple stages for providing compensation.

[0012] Figure 5 illustrates polarity and magnitude for the stages shown in

Figure 4 as a function of transmission time delay.

[0013] Figure 6 is a schematic side view of a portion of the contact sub-

assembly shown in Figure 2 when the electrical connector engages a modular plug.

[0014] Figure 7 is a top-perspective view of a compensation component that

may be used with the connector shown in Figure 1.

[0015] Figure 8 is a plan view of a compensation component formed in
accordance with another embodiment that may be use with the connector shown in

Figure 1.

[0016] Figure 9 illustrates an electrical schematic for the compensation

component in accordance with one embodiment.

[0017] Figure 10 illustrates polarity and magnitude as a function of

transmission time delay for the embodiment shown in Figure 7.

[0018] Figures 11A-11C illustrate vector addition for electrical connectors

formed in accordance with the present invention.
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[0019] Figure 12 is a top-perspective view of another compensation

component that may be used with the connector shown in Figure 1.

[0020] Figure 13 is a front view of the compensation component shown in

Figure 12.

[0021] Figure 14 illustrates an electrical schematic of an electrical connector

that includes the compensation component of another embodiment.

[0022] Figure 15 is a top-perspective view of another cempensation

component that may be used with the connector shown in Figure 1.

[0023] Figure 16 is a plan view of another compensation component that

may be used with the connector shown in Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

[0024] Figure 1 is perspective view of an exemplary embodiment of an
electrical connector 100. In the exemplary embodiment, the connector 100 is a
modular connector, such as, but not limited to, an RJ-45 outlet or communication
jack. However, the subject matter described and/or illustrated herein is applicable to
other types of electrical connectors. The connector 100 is configured to receive and
engage a mating plug, such as a modular plug 145 (shown in Figure 6) (also referred
to as a mating connector). The modular plug 145 is loaded along a mating direction,
shown generally by arrow A. The connector 100 includes a connector body 101
having a mating end 104 that is configured to receive and engage the modular plug
145 and a loading end 106 that is configured to electrically and mechanically engage a
cable 126. The connector body 101 may include a housing 102 extending from the
mating end 104 and toward the loading end 106. The housing 102 may at least
partially define an interior chamber 108 that extends therebetween and is configured

to receive the modular plug 145 proximate the mating end 104.

[0025] The connector 100 includes a wire manager 109 and a contact sub-
assembly 110 (shown in Figure 2) operatively connected to the wire manager 109.
The contact sub-assembly 110 is received within the housing 102 proximate to the

loading end 106. In the exemplary embodiment, the contact sub-assembly 110 is
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secured to the housing 102 via tabs 112 that cooperate with corresponding openings
113 within the housing 102. The contact sub-assembly 110 extends from a mating
end portion 114 to a terminating end portion 116. The contact sub-assembly 110 is
held within the housing 102 such that the mating end portion 114 of the contact sub-
assembly 110 is positioned proximate the mating end 104 of the housing 102. The
terminating end portion 116 in the exemplary embodiment is located proximate to the
loading end 106 of the housing 102. As shown, the contact sub-assembly 110
includes an array 117 of mating conductors or contacts 118. Each mating conductor
118 within the array 117 includes a mating interface 120 arranged within the chamber
108. Each mating interface 120 engages (i.e., interfaces with) a corresponding mating
or plug contact 146 (shown in Figure 6) of the modular plug 145 when the modular
plug 145 is mated with the connector 100.

[0026] In some embodiments, the arrangement of the mating conductors 118
may be at least partially determined by industry standards, such as, but not limited to,
International Electrotechnical Commission (IEC) 60603-7 or Electronics Industries
Alliance / Telecommunications Industry Association (EIA/TIA)-568. In an
exemplary embodiment, the connector 100 includes eight mating conductors 118
arranged as differential pairs. However, the connector 100 may include any number
of mating conductors 118, whether or not the mating conductors 118 are arranged in

differential pairs.

[0027] In the exemplary embodiment, a plurality of communication wires
122 are attached to terminating portions 124 of the contact sub-assembly 110. The
terminating portions 124 are located at the terminating end portion 116 of the contact
sub-assembly 110. Each terminating portion 124 may be electrically connected to a
corresponding one of the mating conductors 118. The wires 122 extend from a cable
126 and are terminated at the terminating portions 124. Optionally, the terminating
portions 124 include insulation displacement connections (IDCs) for electrically
connecting the wires 122 to the contact sub-assembly 110. Alternatively, the wires
122 may be terminated to the contact sub-assembly 110 via a soldered connection, a
crimped connection, and/or the like. In the exemplary embodiment, eight wires 122
arranged as differential pairs are terminated to the connector 100. However, any

number of wires 122 may be terminated to the connector 100, whether or not the
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wires 122 are arranged in differential pairs. Each wire 122 is electrically connected to
a corresponding one of the mating conductors 118. Accordingly, the connector 100
may provide electrical signal, electrical ground, and/or electrical power paths between
the modular plug 145 and the wires 122 via the mating conductors 118 and the

terminating portions 124.

[0028] Figure 2 is a perspective view of an exemplary embodiment of the
contact sub-assembly 110. The contact sub-assembly 110 includes a base 130
extending from the mating end portion 114 to a printed circuit 132 proximate the
terminating end portion 116, which is located proximate to the loading end 106
(Figure 1) when the connector 100 (Figure 1) is fully assembled. As used herein, the
term “printed circuit” includes any electric circuit in which conductive pathways have
been printed or otherwise deposited in predetermined patterns on a dielectric
substrate. For example, the printed circuit 132 may be a circuit board or a flex circuit.
The contact sub-assembly 110 may support the array 117 of mating conductors 118
such that the mating conductors 118 extend in a direction that is generally parallel to
the loading direction (shown in Figure 1 by arrow A) of the modular plug 145 (Figure
6). However, in alternative embodiments, the mating conductors 118 may not extend
parallel to the loading direction. Optionally, the base 130 includes a supporting block
134 positioned proximate to the printed circuit 132 and a band 133 of dielectric
material that is configured to support the mating conductors 118 in a predetermined

arrangement.

[0029] Also shown, the contact sub-assembly 110 includes an array 136 of
circuit contacts 138. The circuit contacts 138 electrically connect the mating
conductors 118 to the printed circuit 132. In the illﬁstrated embodiment, each circuit
contact 138 is separably engaged with and electrically connected to a corresponding
one of the mating conductors 118. More specifically, the array 136 of circuit contacts
138 may be discrete from the array of mating conductors 118. As used herein, the
term “discrete” is intended to mean constituting a separate part or component. The
circuit contacts 138 may also be configured to provide compensation for the
connector 100 and are described in greater detail in U.S. Application No. 12/547,321
having Attorney Docket No. TO-00272 (958-184), filed contemporaneously herewith,

which is incorporated by reference in the entirety. However, in other embodiments,
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the circuit contacts 138 are not discrete, but may form a portion of the mating
conductors 118. Furthermore, in alternative embodiments, the contact sub-assembly
110 may not use circuit contacts. For example, the mating conductors 118 may be

formed similar to a leadframe and directly engage the printed circuit 132.

[0030] Also shown, the printed circuit 132 may engage the circuit contacts
138 through corresponding plated thru-holes or conductor vias 139, which may be
electrically connected with plated thru-holes or terminal vias 141. The terminal vias
141, in turn, may be electrically connected to the wires 122 (Figure 1) proximate the
loading end 106. The arrangement or pattern of the conductor vias 139 with respect
to each other and to the terminal vias 141 within the printed circuit 132 may be
configured for a desired electrical performance. Furthermore, traces (not shown) that
electrically connect the terminal vias 141 and conductor 139 and other electrical
components (not shown) within the printed circuit 132 may also be configured to tune
or obtain a desired electrical performance of the connector 100. Possible
arrangements of the conductor and terminal vias 139 and 141 are described in greater
detail in U.S. Application No. 12/547,211 having Attorney Docket No. TO-00274
(958-186), filed contemporaneously herewith, which is incorporated by reference in
the entirety.

[0031] The contact sub-assembly 110 may also include a compensation
component 140 (indicated by dashed-lines) that extends between the mating end 104
(Figure 1) (or mating end portion 114) and the loading end 106 (Figure 1). The
compensation component 140 may be received within a cavity 142 of the base 130.
The cavity 142 extends from the mating end 104 toward the loading end 106 within
the base 130 as indicated by the dashed-lines showing the location of the
compensation component 140. The mating conductors 118 may be electrically
connected to the compensation component 140 proximate to the mating end 104
and/or the loading end 106. For example, the mating conductors 118 may be
electrically connected to the compensation component 140 through contact pads 144,
and the mating conductors 118 may also be electrically connected to the circuit
contacts 138. The circuit contacts 138 electrically interconnect the mating conductors
118, the traces or conductive pathways of the compensation component 140, and the

printed circuit 132.
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[0032] As will be described in greater detail below, the compensation
component 140 may include a compensation region that is formed from, for example,
an array of open-ended conductors (e.g., traces) that generate compensating signals
for canceling or reducing the offending crosstalk. In some embodiments, another
compensation region may be created by the array 117 of mating conductors 118 that is
electrically parallel to the compensation region of the compensation component 140.
For example, the array 117 of mating conductors 118 and the array of open-ended
conductors 118 may be electrically connected to each other proximate to the mating
end 104 and also proximate to the loading end 106. However, in alternative
embodiments, the array 117 of mating conductors 118 does not include or form a

separate compensation region of the connector 100.

[0033] Figure 3 is an enlarged perspective view of mating end portion 114 of
the contact sub-assembly 110. By way of example, the array 117 may include eight
mating conductors 118 that are arranged as a plurality of differential pairs P1-P4.
Each differential pair P1-P4 consists of two associated mating conductors 118 in
which one mating conductor 118 transmits a signal current and the other mating
conductor 118 transmits a signal current that is about 180° out of phase with the
associated mating conductor. By convention, the differential pair P1 includes mating
conductors +4 and -5; the differential pair P2 includes mating conductors +6 and -3;
the differential pair P3 includes mating conductors +2 and -1; and the differential pair
P4 includes mating conductors +8 and -7. As used herein, the (+) and (-) represent
polarity of the mating conductors. Accordingly, a mating conductor labeled (+) is
opposite in polarity to a mating conductor labeled (-), and, as such, the mating
conductor labeled (-) carries a signal that is about 180° out of phase with the mating
conductor labeled (+). Furthermore, as shown in Figure 3, the mating conductors +6
and -3 of the differential pair P2 are separated by the mating conductors +4 and -5 that
form the differential pair P1. As such, near-end crosstalk (NEXT) may develop
between the conductors of differential pair P1 and the conductors of differential pair
P2.

[0034] Furthermore, each mating conductor 118 may extend along the
mating direction A between an engagement portion 127 and an interior portion 129

(shown in Figure 6). The engagement and interior portions 127 and 129 are separated
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by a length of the corresponding mating conductor 118. A band 133 and/or a
transition region (discussed below) may be located between the engagement and
interior portions 127 and 129. The engagement portion 127 is configured to interface
with the corresponding plug contact 146 along the mating interface 120, and the
interior portion 129 is configured to be electrically connected with circuit contacts

138 proximate to the loading end 106.

[0035] When the electrical connector 100 (Figure 1) is assembled, the
mating interfaces 120 are arranged within the chamber 108 (Figure 1) to engage the
corresponding plug contacts 146 (Figure 6) of the modular plug 145 (Figure 6). The
mating conductors 118 may rest on contact pads 144 such that the mating conductors
118 are electrically connected to the contact pads 144 whether or not the plug contacts
146 are engaging the engagement portions 127. Alternatively, the mating conductors
118 may bend or flex onto corresponding contact pads 144 of the compensation
component 140 to make an electrical connection when the plug contacts 146 engage
the engagement portions 127. In another embodiment, the mating conductors 118
may be directly engaged with the compensation component 140 (e.g., the mating

conductors 118 are inserted into corresponding plated thru-holes or vias).

[0036] In alternative embodiments, the array 117 of conductors 118 may
have other wiring configurations. For example, the array 117 may be configured
under the EIA/TIA-568B modular jack wiring configuration. Accordingly, the
illustrated configuration of the array 117 is not intended to be limiting and other

configurations may be used.

[0037] Figure 4 is an exploded perspective view of a high frequency
electrical connector having time-delayed crosstalk compensation as described in U.S.
Patent No. 5,997,358 (the ‘358 Patent). Figure 5 shows the magnitude and polarity of
crosstalk as a function of transmission time delay in a three-stage compensation
scheme according to the '358 Patent. Figure 4 includes crossover technology
combined with discrete component technology to introduce multiple stages of
compensating crosstalk. In Section 0, offending crosstalk comes from closely spaced
wires within a modular plug (not shown), modular jack 910, and conductors on board
1000. This offending crosstalk is substantially canceled in magnitude and phase at a

given frequency by compensating crosstalk from Sections I-III. In Section I, crossover

-9-
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technology is illustratively used to introduce compensating crosstalk that is almost
180 degrees out of phase with the offending crosstalk. In Section II, crossover
technology is used again to introduce compensating crosstalk that is almost 180
degrees out of phase with the crosstalk introduced in Section I. And in Section III,
additional compensating crosstalk is introduced via discrete components 1012 whose
magnitude and phase at a given frequency are selected to substantially eliminate all

NEXT in connecting apparatus 100.

[0038] Figure 5 is a vector diagram of crosstalk in a three-stage
compensation scheme. In particular, offending crosstalk vector Ag is substantially
canceled by compensating crosstalk vectors A;, A;, A3 whose magnitudes and
polarities are generally indicated in Figure 5. It is noted that the offending crosstalk
Ao is primarily attributable to the closely spaced parallel wires within a conventional
modular plug (not shown), which is inserted into the electrical connector (not shown).
The magnitudes of the vectors Ag-Aj are in millivolts (mv) of crosstalk per volt of
input sighal power. The effective separation between stages is designed to be about
0.4 nanoseconds. In one embodiment, a particular selection of vector magnitudes and
Aphases provides a null at about 180 MHz in order to reduce NEXT to a level that is 60
dB below the level of the input signal for all frequencies below 100 MHz.

[0039] As is understood by the inventors, in order to effectively reduce the
effects of the offending crosstalk, the crosstalk generated in Section 0 should be
cancelled by the crosstalk generated in Sections I-III. By selecting the locations of
crossovers and discrete components 1012 along the interconnection path and the
amount of signal coupling between the conductors, the magnitude and phase of
crosstalk vectors Ag, Ay, A,, and Aj; can be selected to reduce the overall crosstalk of
the connector 700. However, the techniques described in the '358 Patent may have
limited capabilities for reducing or cancelling the crosstalk and, as such, other

techniques that may improve the electrical performance of connectors are still desired.

[0040] As best understood by the inventors, the compensation Sections I-III
in Figure 4 are provided at desired, separate time delay locations along an
interconnection path in series with the other compensation stages. In other words, the
different compensation stages are associated with different phases and are electrically

in series with each other. However, the connector 100 (Figure 1) utilizes different

-10-
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features for compensating the offending crosstalk. As will be described in greater
detail below, the compensation regions in connector 100 are electrically parallel to
each other between different nodal regions. In the exemplary embodiment of
connector 100, one compensation region has a signal current transmitting
therethrough and the other compensation region is dominated by capacitive coupling
(i.e., negligible amounts of signal current may flow therethrough at high frequencies).
The two compensation regions are electrically parallel with respect to each other and

are configured to reduce or effectively cancel the offending crosstalk.

[0041] Figure 6 is a schematic side view of a portion of the contact sub-
assembly 110 engaging the modular plug 145. The plug contacts 146 of the modular
plug 145 are configured to selectively engage mating conductors 118 of the array 117.
When the plug contacts 146 engage the mating conductors 118 at the correspdnding
mating interfaces 120, offending signals that cause noise/crosstalk may be generated.
The offending crosstalk (NEXT loss) is created by adjacent or nearby conductors or
contacts through capacitive and inductive coupling which yields the exchange of
electromagnetic energy between conductors/contacts. Also shown, the circuit
contacts 138 may include legs or projections 149 that engage the conductor vias 139
of the printed circuit 132. The conductor vias 139 are electrically connected to
corresponding terminal vias 141 (Figure 2) through the printed circuit 132. Each
terminal via 141 may be electrically connected with a contact such as an insulation
displacement contact (IDC) for mechanically engaging and electrically connecting to
a corresponding wire 122 (Figure 1). As such, each via terminal 141 may be
electrically coupled to a terminating portion 124 (Figure 1) for interconnecting the

mating conductors 118 to the wires 122.

[0042] In the illustrated embodiment, the mating conductors 118 form at
least one interconnection path X1 that transmits signal current between the mating end
104 (Figure 1) and the loading end 106 (Figure 1). As an example, the
interconnection path X1 may extend between the engagement portions 127 of the
mating conductors 118 and the interior portions 129. An “interconnection path,” as
used herein, is collectively formed by mating conductors of a differential pair(s)
and/or traces of a differential pair(s) that are configured to transmit a signal current

between corresponding input and output terminals or nodes when the electrical

-11-
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connector is in operation. In some embodiments, the signal current may be a
broadband frequency signal current. By way of example, each differential pair P1-P4
(Figure 3) transmits signal current along the interconnection path X1 between the
corresponding engagement portion 127 and the corresponding interior portion 129.

The interconnection path X1 may form a first compensation region 158.

[0043] In some embodiments, techniques may be used along the
interconnection path X1 to provide compensation for the connector 100. For
example, the polarity of crosstalk coupling between the mating conductors118 may be
reversed and/or discrete components may be used along the interconnection path X1.
By way of an example, the mating conductors 118 may be crossed over each other at
a transition region 135. In other embodiments, non-ohmic plates and discrete
components, such as, resistors, capacitors, and/or inductors may be used along
interconnection paths for providing compensation. Also, the interconnection path X1
may include one or more NEXT stages. A “NEXT stage,” as used herein, is a region
where signal coupling (i.e., crosstalk coupling) exists between conductors or pairs of
conductors and where the magnitude and phase of the crosstalk are substantially
similar, without abrupt change. The NEXT stage could be a NEXT loss stage, where
offending signals are generated, or a NEXT compensation stage, where NEXT

compensation is provided.

[0044] However, in other embodiments, the interconnection path X1 does
not include or use any techniques for generating compensating signals. For example,
the arrangement of the mating conductors 118 with respect to each other may remain

the same as the array 117 extends to the printed circuit 132.

[0045] In addition to the interconnection path X1, the compensation
component 140 may include at least a portion of a compensation region 160. In the
illustrated embodiment, the compensation component 140 is a printed circuit and,
more specifically, a circuit board. As shown, the mating conductors 118 may be
electrically connected to corresponding contact pads 144 and the circuit contacts 138
may be electrically connected to contact pads 148. The compensation region 160
provides open capacitive NEXT compensation between two ends of the

interconnection path X1 (or the compensation region 158).

-12-
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[0046] As shown, the compensation regions 158 and 160 are electrically
parallel with respect to each other and, thus, do not provide a substantial time delay
relative to each other as in known connectors. In the exemplary embodiment, the
array 117 of mating conductors 118 is electrically parallel to a plurality of open-ended
conductors (described below) between different nodal regions. The compensation
regions 158 and 160 may extend approximately between nodal regions 170 and 172.
More specifically, the compensation region 158 includes portions of the mating
conductors 118 that extend from the nodal region 170 as indicated in Figure 6 to the
nodal region 172. The compensation region 160 includes portions of the mating
conductors 118 that extend from the nodal region 170 to the contact pads 144; the
conductive pathways (e.g., traces) of the compensation component 140; and portions
of the circuit contacts 138 that extend to the nodal region 172 from contact pads 148
of the compensation component 140. The nodal regions 170 and 172 are regions
where the parallel compensation regions 158 and 160 branch or intersect. For
example, the nodal region 170 is located approximately where the plug contacts 146
engage the mating interfaces 120 and the nodal region 172 is located approximately
where the mating conductors 118 electrically connect to the circuit contacts 138.
However, the nodal regions may be different than those described herein. For
example, the mating conductors 118 may be directly inserted into the conductor vias

139 such that the nodal region 172 is within the printed circuit 132.

[0047] For purposes of analysis, the average crosstalk along different stages
may be represented by a vector or vectors whose magnitude and phase is measured at
the midpoint of a corresponding stage. This does not apply to the initial offending
crosstalk generated at a first stage proximate the mating interface 120, which is

represented by a vector whose phase is zero.

[0048] Figure 6 also shows vectors that represent crosstalk coupling between
conductive pathways for certain regions in the connector 100 (Figure 1). As shown,
vector Ay represents the offending crosstalk that occurs at the mating interfaces 120
between corresponding plug contacts 146 and mating conductors 118. Vectors By and
Co represent crosstalk (NEXT loss) in stages occurring proximate the mating
interfaces 120. The NEXT stages represented by vectors By and Cp are not a

compensation stage(s) since the plug contacts 146 and mating conductors 118

-13-
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generate offending crosstalk. Vector By represents crosstalk occurring between
portions of the mating conductors 118 that extend between the mating interfaces 120
and the transition region 135. Vector Cj represents crosstalk occurring between
portions of the mating conductors 118 that extend between the mating interfaces 120
and the contact pads 144. Vector By, represents crosstalk occurring between the
mating conductors 118 at the transition region 135. Because the crosstalk coupling in
the transition region 135 changes polarity and has a positive polarity crosstalk
magnitude that is approximately equal to a negative polarity crosstalk magnitude, the
crosstalk effectively cancels itself out. Vector Cy; represents an open-ended crosstalk
transition region where the polarity of the crosstalk coupling can be either positive or
negative or both depending upon the polarity of the conductors that are capacitively
coupled. Vector B, represents crosstalk occurring between portions of the mating
conductors 118 that extend between the transition region 135 and the circuit contacts
138. Vector C; represents crosstalk coupling occurring along the circuit contacts 138
near the compensation component 140 proximate the loading end 106 (Figure 1).
Vector A4, represents crosstalk along the circuit contacts 138 proximate the printed
circuit 132 and may also include any other compensation crosstalk that occurs within

the printed circuit 132.

[0049] In the exemplary embodiment, NEXT compensation for the
offending crosstalk (NEXT loss) generated at the mating interface 120 is only
provided by the compensation regions 158 and 160. In such embodiments, the printed
circuit 132 may provide a negligible amount of NEXT compensation. However, in
alternative embodiments, NEXT compensatién may be generated with the printed

circuit 132 as well.

[0050] Figure 7 is a perspective view of one exemplary embodiment of the
compensation component 140 that may facilitate providing the compensation region
160 (Figure 6). The compensation component 140 may be formed from a dielectric
material and may be substantially rectangular and have a length Lpc;, a width Wpcy,
and a substantially constant thickness Tpc;. Alternatively, the compensation
component 140 may be other shapes. The compensation component 140 may be a
circuit board formed from multiple layers of the dielectric material. The

compensation component 140 includes a plurality of outer surfaces S;-Sg, including a
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top surface S that is configured to face the array 117 (Figure 1), a bottom surface S,,
and side surfaces S;3-S¢ that extend along the thickness Tpc; of the compensation
component 140. The top and bottom surfaces S| and S,, respectively, are on opposite
sides of the compensation component 140 and are separated by the thickness Tpc;.
Opposing side surfaces S; and S are separated by the length Lpc;, and opposing side
surfaces S3 and Ss are separated by the width Wpc;. Also shown, the compensation
component 140 has an end portion 202 and an opposite end portion 204 that are
separated from each other by the length Lpc;. When the connector 100 (Figure 1) is
fully assembled, the end portion 202 is proximate the mating end 104 (Figure 1) and
the end portion 204 is proximate the loading end 106 (Figure 1).

[0051] The compensation component 140 may include first and second
contact regions 206 and 208 that may be located proximate to the end portions 202
and 204, respectively. The contact regions 206 and 208 are configured to electrically
connect the compensation component 140 to the mating conductors 118 (Figure 1).
The contact regions 206 and 208 may be directly engaged with the mating conductors
118 or may be electrically coupled through intervening components (e.g., the circuit
contacts 138). By way of example, the surface S| may include a plurality of contact
pads 211-218 that are configured to electrically connect with the mating conductors
118. More specifically, each contact pad 211-218 electrically connects with,
respectively, the mating conductors 1-8 of differential pairs P1-P4 as shown in Figure
3. Likewise, the surface S; may include a plurality of contact pads 221-228 that are
configured to electrically connect with the circuit contacts 138. The contact pads 221-
228 are arranged along the surface S, so that the circuit contacts 138 electrically
couple the contact pads 221-228 to select mating conductors 118. More specifically,
the contact pads 221-228 are arranged to correspond to the arrangement of the mating
conductors 118 at the nodal region 172 (Figure 6). For example, the contact pad 221
is electrically coupled to the mating conductor -1; the contact pad 222 is electrically
coupled to the mating conductor +2; the contact pad 223 is electrically coupled to the
mating conductor -3; the contact pad 224 is electrically coupled to the mating
conductor +4; the contact pad 225 is electrically coupled to the mating conductor -5;
the contact pad 226 is electrically coupled to the mating conductor +6; the contact pad
227 is electrically coupled to the mating conductor -7; the contact pad 228 is

electrically coupled to the mating conductor +8.
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[0052] Open-ended conductors of the compensation component 140 are
configured to capacitively couple select mating conductors 118. An "open-ended
conductor," as used herein, includes electrical components or conductive paths that do
not carry a broadband frequency signal current (or only a high frequency signal
current) when the connector 100 is operational. In the illustrated embodiment shown
in Figure 7, the open-ended conductors are open-ended traces 233, 236, 241, and 248.
The open-ended traces 236 and 248 are capacitively coupled to one another through a
non-ohmic plate 252, and the open-ended traces 233 and 241 are capacitively coupled
to one another through a non-ohmic plate 254. As used herein, the term “non-ohmic
plate” refers to a conductive plate that is not directly connected to any conductive
material, such as traces or ground. When in use, the non-ohmic plate 252 may
electromagnetically couple to, i.e., magnetically and/or capacitively couple to, the
open-ended traces 236 and 248 thereby capacitively coupling the open-ended traces
236 and 248. The non-ohmic plate 254 may capacitively couple the open-ended
traces 233 and 241. In altemative embodiments, the compensation component 140
does not use non-ohmic plates to facilitate capacitively coupling the open-ended

traces.

[0053] Also shown, the open-ended traces 233 and 236 extend from the
contact pads 213 and 216, respectively, toward the end portion 204. The open-ended
traces 248 and 241 are electrically coupled to the contact pads 228 and 221,
respectively, through vias 258 and 251, respectively. Accordingly, in the illustrated
embodiment shown in Figure 7, the mating conductors -3 and -1 may be capacitively
coupled to one another through the compensation component 140, and the mating
conductors +6 and +8 may be capacitively coupled to one another through the

compensation component 140.

[0054] The non-ohmic plates 252 and 254 may be “free-floating,” i.e., the
plates do not contact either of the adjacent open-ended traces or any other conductive
material that leads to one of the conductors 118 or ground. As shown, the
compensation component 140 may have multiple layers where the non-ohmic plate
and the corresponding open-ended traces are on separate layers. Furthermore, in the
illustrated embodiment, the non-ohmic plates 252 and 254 are substantially

rectangular; however, other embodiments may have a variety of geometric shapes. In
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the illustrated embodiment, the non-ohmic plates 252 and 254 are embedded within
the compensation component 140 a distance from the corresponding open-ended
traces to provide broadside coupling with the open-ended traces. Alternatively, the
non-ohmic plates may be co-planer (e.g., on the corresponding surface) with respect
to the adjacent traces and positioned therebetween such that each trace
electromagnetically couples with an edge of the non-ohmic plate. In another
alternative embodiment, each of the non-ohmic plate and open-ended traces may all

be on separate layers of the compensation component 140.

[0055] In alternative embodiments, the open-ended conductors may be any
electrical component capable of capacitive coupling with another electrical
component. For example, the open-ended conductors may be plated thru-holes or
vias, inter-digital fingers, and the like. Furthermore, in alternative embodiments, the
compensation component 140 may include contact traces that carry a signal current
between the end portions 202 and 204. Such contact traces are described in greater
detail in U.S. Patent Application No. 12/190,920, filed on August 13, 2008 and
entitted "ELECTRICAL CONNECTOR WITH IMPROVED COMPENSATION,"
which is incorporated by'reference in the entirety. In addition, other embodiments
may also include non-ohmic plates that capacitively couple mating conductors of
different differential pairs proximate to one end of a circuit board. Such embodiments
are described in U.S. Patent Application No. 12/109,544, filed April 25, 2008 and
entitled "ELECTRICAL CONNECTORS AND CIRCUIT BOARDS HAVING NON-
OHMIC PLATES," which is also incorporated by reference in the entirety.

[0056] Figure 8 is a plan view of a top surface S; of an alternate
compensation component 300 formed in accordance with another embodiment. The
compensation component 300 may facilitate forming a compensation region similar to
the compensation region 160 (Figure 6). The compensation component 300 may have
a similar size and shape as the compensation component 140 (Figure 7) and may
include first and second contact regions 306 and 308 that may be located proximate to
end portions 302 and 304, respectively. The contact regions 306 and 308 are
configured to electrically connect the compensation component 300 to corresponding

mating conductors of an electrical connector, such as the connector 100 (Figure 1).
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The contact regions 306 and 308 may be directly engaged with the mating conductors

or may be electrically coupled through intervening components (e.g., circuit contacts).

[0057] By way of example, the surface S; may include a plurality of contact
pads 311-318 in contact region 306 that are each configured to electrically connect
with a corresponding one of the mating conductors. More specifically, each contact
pad 311-318 electrically connects with, respectively, the mating conductors 1-8 of
differential pairs P1-P4 as shown in Figure 3. Likewise, a bottom surface may
include a plurality of contact pads 321-328 (indicated by different shading) that are
configured to electrically connect with the mating conductors 1-8 as indicated. The
contact pads 321-328 are arranged along the bottom surface similar to the contact
pads 221-228 (Figure 7) so that the circuit contacts (not shown) electrically couple the
contact pads 321-328 to select mating conductors 1-8. However, in other
embodiments, the number of contact pads along the bottom surface or the top surface
S7 may be less than the number of mating conductors since not all mating conductors

are electrically coupled to both ends of the compensation component 300.

[0058] Also shown, the compensation component 300 may include open-
ended conductors 331 and 332 that extend from the contact region 306 and toward the
contact region 308, and open-ended conductors 333 and 334 that extend from the
contact region 308 and toward the contact region 306. The open-ended conductor 331
is electrically connected with the contact pad 316 that, in turn, is electrically
connected with the mating conductor +6. The open-ended conductor 332 is
electrically connected with the contact pad 313 that, in turn, is electrically connected
with the mating conductor -3. Also, the open-ended conductor 333 is electrically
connected with the contact pad 324 that, in turn, is electrically connected with the
mating conductor +4. The open-ended conductor 334 is electrically connected with
the contact pad 325 that, in turn, is electrically connected with the mating conductor -
5.

[0059] Furthermore, as shown in Figure 8, the open-ended conductor 332
includes a plated thru-hole or via 352 that transitions the open-ended conductor 332
through at least a portion of the thickness of the compensation component 300. In the
illustrated embodiment, the open-ended conductor 332 is transitioned from the top

surface S7 to a bottom surface (not enumerated) where the contact pads 321-328 are
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located. Likewise, the open-ended conductor 333 includes a plated thru-hole or via
354 that also transitions the open-ended conductor 333 through at least a portion of
the thickness of the compensation component 300. Specifically, the open-ended
conductor 333 is transitioned from the bottom surface to the top surface S; where the

contact pads 311-318 are located.

[0060] Also shown in Figure 8, the open-ended conductors 331-334 may
include corresponding inter-digital fingers 341-344, respectively. The inter-digital
fingers 341-344 may capacitively couple with one another in the compensation
component 300 to provide the compensation region. More specifically, the inter-
digital fingers 341 are capacitively coupled to the inter-digital fingers 343 along the
top surface S;, and the inter-digital fingers 342 are capacitively coupled to the inter-
digital fingers 344 along the bottom surface.

[0061] Figure 9 is an electrical schematic of a connector that includes the
compensation component 300 and may include similar features as the connector 100
described above. The connector may have first and second compensation regions 358
and 360 that are parallel to each other. The first compensation region 358 may
include an interconnection path X2 where signal current flows through an array 380
of mating conductors 381 between nodal regions 370 and 372. The array 380 may
form differential pairs P1 and P2 of mating conductors 381. (Although not shown, the
array 380 may also form other differential pairs, such as differential pairs P3 and P4
shown in Figure 3.) The differential pair P1 may include mating conductors +4 and -
5, and the differential pair P2 may include mating conductors +6 and -3. The mating
conductors +6 and -3 are split by the mating conductors +4 and -5 along the
interconnection path X2. Proximate to the mating end, the mating conductor +4
extends along the mating conductor -3, and the mating conductor -5 extends along the
mating conductors +6. Also shown, the interconnection path X2 may include a

transition region 382 where the mating conductors 3-6 are rearranged.

[0062] The second compensation region 360 may include the open-ended
conductors 331-334. As shown, the open-ended conductor 331 is electrically coupled
to the mating conductor +6 proximate a mating end 303 and is capacitively coupled to
the open-ended conductor 333. The open-ended conductor 333 is electrically coupled

to the mating conductor +4 proximate to a loading end 305. As such, the open-ended
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conductors 331 and 333 may capacitively couple two mating conductors +6 and +4 of
two differential pairs having a same sign of polarity. Also shown, the open-ended
conductor 332 is electrically coupled to the mating conductor -3 proximate the mating
end 303 and is capacitively coupled to the open-ended conductor 334. The open-
ended conductor 334 is electrically coupled to the mating conductor -5 proximate the
loading end 305. As such, the open-ended conductors 332 and 334 may capacitively
couple two mating conductors -5 and -3 of two differential pairs having a same sign

of polarity.

[0063] Also shown in Figure 9 and Figure 10, the electrical schematic may
have four stages O-III of crosstalk coupling. Stage 0 includes the offending crosstalk
that may be generated where a connector engages a modular plug and is represented
by a vector 4p, which has a positive polarity. Stage 0 may be located proximate to a
nodal region 370. Stage I is a first NEXT stage where the mating conductors 381
have a polarity that is unchanged from the arrangement of the mating conductors 381
at Stage 0. As such, Stage I does not result in compensating crosstalk since Stage 1
continues to generate offending crosstalk (i.e., Stage I is a NEXT loss stage). The
magnitude of the crosstalk in Stages 0 and I may vary because Stage I is a parallel
NEXT stage. Stage I is represented by vectors By and Cy, where vector By is added in
parallel to vector Cp or (Bp || Co). Stage Il is represented by vectors By and C;, where
vector B, is added in parallel with vector C; or (B, || C;). Stage II is a second NEXT
stage where the mating conductors 381 have an arrangement with respect to each
other that is different than the arrangement in Stage 1. Specifically, the mating
conductors +4 and -5 are crossed over one another at the transition region 382.
During Stage II, the mating conductor +4 extends along the mating conductor +6, and
the mating conductor -5 extends along the mating conductors -3. Accordingly, the
crosstalk coupling of Stages I and II have opposite polarity. Furthermore, Stage III
includes crosstalk generated by, for example, circuit contacts and/or a printed circuit
proximate the loading end 305. Stage III may be located proximate to a nodal region

372. As such, Stages II and III generate compensating crosstalk coupling.

[0064] Also shown, the transition region 382 may include a sub-stage By,
where the array 380 transitions from Stage I to Stage II. Because the crosstalk

coupling in the transition region 382 changes polarity, the crosstalk of the transition
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region 382 effectively cancels itself out. However, the compensation region 360 may
include a sub-stage Cp;, which represents an open-ended crosstalk transition region
where the polarity of the crosstalk coupling can be either positive or negative or both
depending upon the polarity of the conductors that are capacitively coupled. The sub-
stages By and Cp; may occur at an equal time delay. Vector By, is added in parallel

with vector Cy; or (Bo || Cor).

[0065] Additionally, different mating conductors 381 extending from the
mating end and mating conductors 381 extending from the loading end may be
capacitively coupled to each other through the component 300. Although Figure 9
illustrates the mating conductors +4 and +6 and the mating conductors -3 and -5 being
capacitively coupled with each other, in alternative embodiments, any mating
conductor can be capacitively coupled to another mating conductor (or itself) in order
to obtain a desired electrical performance. In particular embodiments, the mating
conductors 381 that are capacitively coupled to one another in the compensation
component 300 are configured to account for or effectively cancel any remaining

crosstalk in the connector.

[0066] Figure 10 graphically illustrates polarity and magnitude as a function
of transmission time delay for the connector having the electrical schematic shown in
Figure 9. Because that crosstalk vectors {By, By, B;} are electrically parallel to {Co,
Coi, C1}, the time delay measured at vectors Bpand Cj are substantially similar, the
time delay measured at vectors By, and Cjy; are substantially similar, and the time

delay measured at vectors By and C, are substantially similar.

[0067] Figures 11A-11C are graphs illustrating the complex vectors
associated with the first and second compensation regions 358 and 360. Each
complex vector represents a different stage and may have a magnitude component and

a phase component.

[0068] As discussed above, in order to cancel or minimize the NEXT loss, a
connector may be configured such that the summation of the vectors, a resultant
vector AN, representing the crosstalk coupling regions of the connector should be
approximately equal to zero. Figure 11A is a complex polar representation of the

crosstalk vectors defined in Figures 9 and 10 where each may have a defined
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magnitude and phase. Vector A4y is the offending NEXT loss generated at stage 0 at
nodal region 370 (Figure 9). Vector 4y has a magnitude |4o| that is positive in polarity
and has zero phase delay. For analysis purposes, the crosstalk vector A has a zero
phase delay and is not rotated in phase relative to the real axis. The phase for 4y may
be considered a reference phase for which all subsequent crosstalk vector phases are
measured. Vector 4; has a negative magnitude |4;| due to the switch in polarity
coupling. Also, vector 4, is rotated in phase by 0 relative to the real axis or relative

to the reference phase of vector Ay.

[0069] For purposes of analysis, a resultant vector Ay (i.e., the summation of
vectors Ap and 4;), which is shown in Figure 11B, may be thought of as the crosstalk
that is generated by a conventional connector system that those skilled in the art may
desire to compensate. Even though vector 4, may have a magnitude equal to and a
polarity opposite that of vector Ay, the vector 4; measures a phase delay relative to
vector 4p when the two vectors are summed together, thus the resultant vector Ay may
have a magnitude that is significantly larger than zero. Accordingly, an additional
crosstalk vector may be needed to cancel out the NEXT loss of vector An. To this
end, the parallel compensation regions 358 and 360 may be configured to compensate
for the resultant crosstalk represented by An. A vector (By || Cn) represents the
resultant vector when all parallel NEXT crosstalk compensation vectors are added
together (i.e., (Bo || Co), (B:1 || C1), and (By; || Co1)). The vector (By || Cn) may be
configured to have a polarity opposite that of 4y and a phase shift ¢,, which may be
90° plus additional phase delay relative to the vector 4g. As shown in Figure 11C, the
parallel compensation regions 358 and 360 may be configured so that the vector (B ||
C) effectively cancels out the vector An. Accordingly, when the vector Ay is added

to (Bn || Cn), the resultant vector is desired to be approximately zero.

[0070] Thus, unlike prior art/techniques having multiple stages of
compensafion along a single interconnection path, the electrical connector 100 may
provide multiple parallel compensation regions where all compensation regions are
not time delayed with respect to each other. However, the compensation component
300 may be reconfigured and, more particular, the vector (By || Cn) may be configured

to achieve a desired electrical performance.
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[0071] Figures 12 and 13 are a top-perspective view and a front view,
respectively, of a compensation component 400 that may be used with an electrical
connector, such as the connector 100 shown in Figure 1. The compensation
component 400 may have similar features and shapes as the compensation component
140 (Figure 7). Specifically, the compensation component 400 may comprise a
dielectric material that is sized and shaped similar to the compensation component
140. As shown, the compensation component 400 may be substantially rectangular
and have a length Lpey (Figure 11), a width Wpe, and a substantially constant
thickness Tpcp. Alternatively, the compensation component 400 may be other shapes. -
The compensation component 400 may be a printed circuit (e.g., circuit board or flex
circuit) having multiple layers of dielectric material. As shown, the compensation
component 400 has -a plurality of outer surfaces Sg-S,3, including a top surface Sg, a
bottom surface So, and side surfaces S;¢-S;3 (surface S;; is shown in Figure 12). The
top and bottom surfaces Sg and So, respectively, are on opposite sides of the
compensation component 400 and are separated by the thickness Tpcy. Also shown,
the compensation component 400 has an end portion 402 and an opposite end portion

404 (Figure 12) that are separated from each other by substantially the length Lpcs.

[0072] With respect to Figure 12, the compensation component 400 may
include first and second contact regions 406 and 408 that may be located proximate to
the end portions 402 and 404, respectively. The contact regions 406 and 408 are
configured to electrically connect the compensation component 400 to mating
conductors (not shown). The contact regions 406 and 408 may be directly engaged
with the mating conductors or may be electrically coupled through intervening
components. Similar to the compensation component 140, the surface Sg may include
a plurality of contact pads 411-418 that are configured to electrically connect with the
mating conductors.  Each contact pad 411-418 electrically connects with,
respectively, the mating conductors -1 to +8 of differential pairs P1-P4 (Figure 3) as
indicated on the corresponding contact pads. Likewise, the surface Sg may include a
plurality of contact pads 421-428 that are configured to electrically connect with the

mating conductors -1 to +8 as indicated.

[0073] The compensation component 400 capacitively couples selected

mating conductors through open-end conductors. The open-ended conductors are
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illustrated as open-ended traces 431-438 that extend from corresponding contact pads
along the surfaces Sg and So. However, the compensation component 400 may
include alternative or additional open-ended conductors for capacitively coupling the
selected mating conductors. In the illustrated embodiment, the open-ended traces
431-438 interact with non-ohmic plzlltes 441-444 to provide a compensation region
460 (Figure 14). More specifically, the open-ended traces 431 (+8) and 432 (+6)
extend from contact pads 428 and 416, respectively, toward the non-ohmic plate 441;
the open-ended traces 433 (-5) and 434 (-3) extend from contact pads 425 and 413,
respectively, toward the non-ohmic plate 442; the open-ended traces 435 (+6) and 436
(+4) extend from contact pads 416 and 424, respectively, toward the non-ohmic plate
443; and the open-ended traces 437 (-3) and 438 (-1) extend from contact pads 413
and 421, respectively, toward the non-ohmic plate 444. As shown, the open-ended
traces 433-436 may have wider or broader portions that capacitively couple with the
corresponding non-ohmic plates. Furthermore, the compensation component 400 may
have non-ohmic plates 441-444 proximate to either of the top and bottom surfaces Sg
and Sy as shown in Figure 13.

[0074] Similar to the other described compensation components, the contact
pads 421-428 may be arranged along the bottom surface similar to the contact pads so
that the circuit contacts (not shown) electrically couple the contact pads 421-428 to
select mating conductors 1-8. However, in other embodiments, the number of contact
pads along the bottom surface or the top surface Sy may be less than the number of
mating conductors since not all mating conductors are electrically coupled to both

ends of the compensation component 400.

[0075] Figure 14 is an electrical schematic of a connector that includes the
compensation component 400 and may include similar features as the connector 100
described above. The connector may have parallel first and second compensation
regions 458 and 460. The first compensation region 458 may be formed by an
interconnection path X3 where signal current flows through an array 480 of mating
conductors 481 between nodal regions 470 and 472. The array 480 may form
differential pairs P1-P4 of mating conductors 481. The differential pair P1 may
include mating conductors +4 and -5, and the differential pair P2 may include mating

conductors +6 and -3. The mating conductors +6 and -3 are split by the mating
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conductors +4 and -5 along the interconnection path X3. Also shown, the
interconnection path X3 may include a transition region 482 where the mating

conductors 1-8 are rearranged with respect to each other.

[0076] Furthermore, the second compensation region 460 may include the
open-ended conductors 431-438. As shown, the open-ended conductors 432 and 435
extend parallel to each other in the compensation component 400 and are electrically
coupled to the mating conductor +6. The open-ended conductors 432 and 435 are
capacitively coupled to the open-ended conductors 431 and 436, respectively. The
open-ended conductor 431 is electrically coupled to the mating conductor +8, and the
open-ended conductor 436 is electrically coupled to the mating conductor +4.
Accordingly, a mating conductor of one differential pair (i.e., P2) may be capacitively
coupled to the mating conductors of two other differential pairs (i.e., P4 and P1).
Moreover, the mating conductors that are capacitively coupled to one another may all
be of the same polarity. However, in alternative embodiments the capacitively

coupled mating conductors may be of opposing polarity.

[0077] Likewise, the open-ended conductors 434 and 437 extend parallel to
one another and are electrically coupled to the mating conductor -3 and are
capacitively coupled to the open-ended conductors 433 and 438, respectively. The
open-ended conductor 433 is electrically coupled to the mating conductor -5, and the

open-ended conductor 438 is electrically coupled to the mating conductor -1.

[0078] Similar to the electrical schematic shown in Figure 9, the electrical
schematic of Figure 14 may have four stages O-III of crosstalk coupling. Stage 0
includes the offending crosstalk that may be generated when a connector engages a
modular plug and is represented by a vector 4y, which may have a positive polarity.
Stage 0 may be located proximate to a nodal region 470. Stage I is a first NEXT stage
where the mating conductors 481 have a polarity that is unchanged from the
arrangement of the mating conductors 481 at Stage 0. Stage I is represented by
vectors By and Cp, where vector By is added in parallel to vector Cp or (By || Co). Stage
II is represented by vectors B; and C}, where vector B, is added in parallel with vector
C) or (Bi || C1). Stage II is a second NEXT stage where the mating conductors 381
have an arrangement with respect to each other that is different than the arrangement

in Stage I. Specifically, the mating conductors +4 and -5 are crossed over one
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another, the mating conductors +8 and -7 are crossed over one another, and the mating
conductors -1 and +2 are crossed over one another at the transition region 382.
However, the mating conductors +6 and -3 of the split differential pair P2 do not cross
over one another or any other mating conductor. Each of the mating conductors 1-8
along the interconnection path X3 may be supported by a band of material (not

shown) at the transition region 482.

[0079] During Stage II, the mating conductor +6 extends along and between
the mating conductors +8 and +4, and the mating conductor -3 extends along and
between the mating conductors -5 and -1. Accordingly, the crosstalk coupling of
Stages I and II have opposite polarity. Furthermore, Stage III includes crosstalk
generated by, for example, circuit contacts or a printed circuit. Stage III may be

located proximate to a nodal region 372.

[0080] Also shown, the transition region 482 may include a sub-stage By,
where the array 480 transitions from Stage I to Stage II. Because the crosstalk
coupling in the transition region 482 changes polarity, the crosstalk of the transition
region 482 effectively cancels itself out. However, the compensation region 460 may
include a sub-stage Cp;, which represents an open-ended crosstalk transition region
where the polarity of the crosstalk coupling can be either positive or negative or both
depending upon the polarity of the conductors that are capacitively coupled. The sub-
stages By, and Co; may occur at an equal time delay. Vector By, is added in parallel
with vector Co; or (Bo1 || Co1). Accordingly, different mating conductors 381 may be
capacitively coupled to each other through the component 400 based upon a desired

electrical performance.

[0081] Figure 15 is a top-perspective view of a compensation component
500 that may be used with an electrical connector, such as the connector 100 shown in
Figure 1. The compensation component 500 may facilitate forming a compensation
region similar to the compensation region 160 (Figure 6). The compensation
component 500 may have a similar size and shape as the compensation component
140 (Figure 7) and 300 (Figure 8) and may include first and second contact regions
506 and 508 that may be located proximate to end portions 502 and 504, respectively.
The contact regions 506 and 508 may be proximate to a mating end portion (not

shown) and a terminating end portion (not shown), respectively, of a contact sub-
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assembly (not shown) similar to the contact sub-assembly 110 (Figure 2). The contact
regions 506 and 508 are configured to electrically connect the compensation
component 500 to corresponding mating conductors of an electrical connector, such
as the connector 100 (Figure 1). The contact regions 506 and 508 may be directly
engaged with the mating conductors or may be electrically coupled through

intervening components (e.g., circuit contacts).

[0082] The compensation component 500 illustrates an exemplary
embodiment where mating conductors 118 may capacitively couple to mating
conductors other than mating conductors -3 and +6. Furthermore, the capacitive
coupling may occur in regions that are not proximate to a middle of the compensation
component 500. More specifically, the compensation component may include open-
ended conductors 511, 512, 513, 514, 515, and 516 that are electrically connected to
contact pads that are, in turn, electrically connected to mating conductors -7, +6, -5,
+4, -3, and +2, respectively. The open-ended conductors 511-516 extend from the

contact region 506 toward the contact region 508.

[0083] As shown, each open-ended conductor 511-516 capacitively couples
to another open-ended conductor that extends from the contact region 508 and toward
the contact region 506. More specifically, the open-ended conductors 521, 522, 523,
524, 525, and 526 are electrically connected to contact pads that are, in turn,
electrically connected to the mating conductors -7, +6, +4, -5, -3, and -1, respectively.
In the particular embodiment shown in Figure 15, the open-ended conductor 511
capacitively couples to the open-ended conductor 522 through a non-ohmic plate 531
proximate to the contact region 508; the open-ended conductor 512 capacitively
couples to the open-ended conductor 521 through a non-ohmic plate 532 proximate to
the contact region 506 and also to the open-ended conductor 523 through a non-ohmic
plate 533 proximate to the contact region 508; the open-ended conductor 513
capacitively couples to the open-ended conductor 522 through a non-ohmic plate 534
proximate to the contact region 506; the open-ended conductor 514 capacitively
couples to the open-ended conductor 525 through a non-ohmic plate 535 proximate to
the contact region 506; the open-ended conductor 515 capacitively couples to the
open-ended conductor 524 through a non-ohmic plate 536 proximate to the contact
region 508 and also to the open-ended conductor 526 through a non-ohmic plate 537
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proximate to the contact region 506; the open-ended conductor 516 capacitively
couples to the open-ended conductor 525 through a non-ohmic plate 538 proximate to
the contact region 508.

[0084] Figure 16 is a plan view of a top surface S;4 of a compensation
component 600 formed in accordance with another embodiment. The compensation
component 600 includes open-ended conductors 611-614 that capacitively couple to
one another through a pair of non-ohmic plates 621 and 622. More specifically, the
open-ended conductors 611 and 612 are electrically connected to respective contact
pads that, in turn, are electrically connected to the mating conductor -3. The open-
ended conductors 611 and 612 may then be capacitively coupled to one another
through the non-ohmic plate 621. The open-ended conductors 613 and 614 are
electrically connected to respective contact pads that, in turn, are electrically
connected to the mating conductor +6. The open-ended conductors 613 and 614 may

then be capacitively coupled to one another through the non-ohmic plate 622.

[0085] As such, Figure 16 illustrates an exemplary embodiment in which the
compensation component 600 includes first and second open-ended conductors (e.g.,
the open-ended conductors 611 and 612) that are electrically connected to a common
mating conductor and also capacitively coupled to one another. Such embodiments

may be desired in order to improve return loss.

[0086] Accordingly, various mating conductors may be capacitively coupled
to one another through the compensation components described herein. The open-
ended conductors in the compensation components may capacitively couple to one or
more open-ended conductors in a middle or center region of the compensation
component or proximate to one of the end portions. The open-ended conductors may
capacitively couple different mating conductors of the same or different polarity, and
the open-ended conductors may also capacitively couple the same mating conductor

at opposite ends.

[0087] Exemplary embodiments are described and/or illustrated herein in
detail. The embodiments are not limited to the specific embodiments described
herein, but rather, components and/or steps of each embodiment may be utilized

independently and separately from other components and/or steps described herein.
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Each component, and/or each step of one embodiment, can also be used in

combination with other components and/or steps of other embodiments.

[0088] For example, although the embodiments described above illustrate
two parallel compensation regions (i.e., formed from one interconnection path and
one compensation component), alternative embodiments include connectors that may
have more than two parallel compensation regions. For instance, there may be one
interconnection path comprising a plurality of mating conductors and two
compensation components having respective open-ended conductors that capacitively
couple the mating conductors of the interconnection path. The two compensation
components and the interconnection path may be electrically parallel to one another.
Also, one compensation component may have electrically parallel open-ended
conductors that may capacitively couple to either the same mating conductor or

different mating conductors.
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WHAT IS CLAIMED IS:

1. An electrical connector (100) comprising:

a connector body (101) having mating and loading ends (104, 106) and
being configured to receive a modular plug (145) at the mating end (104); and

a contact sub-assembly (110) held by the connector body (101), the
contact sub-assembly (110) comprising an array (117) of mating conductors (118)
configured to engage plug contacts (146) of the modular plug (145) at mating
interfaces (120) proximate to the mating end (104), the mating conductors (118)
transmitting a signal current along an interconnection path (X1) between the mating
and loading ends (104, 106), the contact sub-assembly (110) further comprising a
plurality of open-ended conductors (233, 236, 241, 248) electrically connected to
corresponding mating conductors (118), the open-ended conductors (233, 236, 241,
248) being electrically parallel to the interconnection path (X1) of the array (117) of
mating conductors (118) and generating crosstalk compensation as the signal current

is transmitted through the mating conductors (118).

2. The connector (100) in accordance with claim 1 wherein the open-
ended conductors (233, 236, 241, 248) are configured to capacitively couple select

mating conductors (118) to generate the crosstalk compensation.

3. The connector (100) in accordance with claim 2 wherein the
capacitively coupled open-ended conductors (233, 236, 241, 248) include at least one
of (a) inter-digital fingers (341-344) and (b) open-ended traces (233, 236, 241, 248)
capacitively coupled through non-ohmic plates (252, 254).

4. The connector (100) in accordance with claim 1 wherein the open-
ended conductors (233, 236, 241, 248) include first and second open-ended
conductors (236, 248), the first open-ended conductor (236) being electrically
connected to a corresponding mating conductor (118) proximate to the mating end
(104) and the second open-ended conductor (248) being electrically connected to a

different corresponding mating conductor (118) proximate to the loading end (106).
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S. The connector (100) in accordance with claim 1 wherein the open-
ended conductors (233, 236, 241, 248) include first and second open-ended
conductors (236, 248) electrically connected to a common mating conductor (118),
the first open-ended conductor (236) being electrically connected to the common
mating conductor (118) proximate to the mating end (104) and the second open-ended
conductor (248) being electrically connected to the common mating conductor (118)
proximate to the loading end (106), the first and second open-ended conductors (236,
248) being capacitively coupled to one another.

6. The connector (100) in accordance with claim 1 wherein the open-
ended conductors (233, 236, 241, 248) form a first compensation region (160) to
generate crosstalk compensation and the array (117) of mating conductors (118) form
a second compensation region (158) to generate crosstalk compensation, the first and
second compensation regions (160, 158) being electrically parallel with respect to

each other.

7. The connector (100) in accordance with claim 1 wherein the contact
sub-assembly (110) further comprises a printed circuit (132) including the open-ended
conductors (233, 236, 241, 248).

8. The connector (100) in accordance with claim 1 wherein the array
(117) of mating conductors (118) comprises first and second differential pairé (P1,
P2) of mating conductors (118), the first differential pair (P1) splitting the second
differential pair (P2) of mating conductors (118), wherein each mating conductor
(118) of the second differential pair (P2) is electrically coupled to at least one open-
ended conductor (233, 236) proximate to the mating end (104).

9. The connector (100) in accordance with claim 8 wherein each
mating conductor (118) of the second differential pair (P2) is electrically coupled to
separate open-ended conductors (233, 236) proximate to the mating end (104).

10. The connector (100) in accordance with claim 8 wherein each
mating conductor (118) of the second differential pair (P2) is capacitively coupled
through the second compensation region (158) to a mating conductor (118) having the

same polarity.
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11. The connector (100) in accordance with claim 1 wherein the open-
ended conductors (233, 236, 241, 248) form a first compensation region (160) to
generate crosstalk compensation and the array (117) of mating conductors (118) form
a second compensation region (158) to generate crosstalk compensation, the first and
second compensation regions (160, 158) being electrically parallel with respect to

each other.
12. An electrical connector (100) comprising:

a connector body (101) having an interior chamber (108) configured to
receive a modular plug (145) when the modular plug (145) is inserted therein in a

mating direction,;

a contact sub-assembly (110) held by the connector body, the contact
sub-assembly (110) comprising an array (117) of mating conductors (118) configured
to engage plug contacts (146) of the modular plug (145) at mating interfaces (120) in
the chamber (108), each mating conductor (118) extending in the chamber (108)
along the mating direction between an engagement portion (127) and an interior

portion (129) and configured to have a signal current flow therebetween; and

a circuit board (140) held by the connector body (101) and having a
plurality of open-ended conductors (233, 236, 241, 248) electrically connected to
corresponding mating conductors (118), wherein at least two of the open-ended
conductors (233, 236, 241, 248) capacitively couple the engagement portion (127) of
a first mating conductor (118) to the interior portion (129) of a second mating

~conductor (118).

13. The connector (100) in accordance with claim 12 wherein the
array (117) of mating conductors (118) and the open-ended conductors (233, 236,
241, 248) form first and second crosstalk stages.

14. The connector (100) in accordance with claim 13 wherein the
mating conductors (118) are arranged differently with respect to one another in the

first and second stages.

-32-



WO 2011/025527 PCT/US2010/002285

15. The connector (100) in accordance with claim 12 wherein the
circuit board (140) comprises contact pads (144) configured to be electrically
connected to corresponding mating conductors (118), the contact pads (144) also

being electrically connected to corresponding open-ended conductors (233, 236, 241,
248).
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