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o0 (57) Abstract: A connector and method of crosstalk compensation within a connector is disclosed. The method includes deter-
& mining an uncompensated crosstalk, including an uncompensated capacitive crosstalk and an uncompensated inductive crosstalk,
& of a wired pair in a connector. The uncompensated crosstalk includes common mode and differential mode crosstalk. The method

includes applying at least one inductive element to the wired pair, where the at least one inductive element is configured and arranged
to provide balanced compensation for the inductive crosstalk caused by the one or more pairs. The method further includes applying
at least one capacitive element to the wired pair, where the at least one capacitive element is configured and arranged to provide
balanced compensation for the capacitive crosstalk caused by the one or more wired pairs.
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CONNECTING HARDWARE WITH MULTI-STAGE INDUCTIVE AND
CAPACITIVE CROSSTALK COMPENSATION

Cross-Reference to Related Applications

This application is being filed on 11 October 2007, as a PCT

International Patent application in the name of ADC Telecommunications, Inc., a
U.S. national corporation, applicant for the designation of all countries except the
U.S., and Stuart REEVES, a citizen of Great Britain, David P. MURRAY, a citizen
of Great Britain, lan R. GEORGE, a citizen of Great Britain, and Bernard
HAMMOND, Jr., a citizen of the U.S., applicants for the designation of the U.S.
only, and claims priority to U.S. Provisional Patent Application Serial No.
60/851,831 filed on 13 October 2006 and U.S. Utility Patent Application Serial No.
[Unknown] filed on 11 October 2007.

Technical Field

The present invention relates generally to telecommunications
equipment. More particularly, the present invention relates to connecting hardware

configured to compensate for near end and far end crosstalk.

Background

In the field of data communications, communications networks
typically utilize techniques designéd to maintain or improve the integrity of signals
being transmitted via the network ("transmission signals"). To protect signal
integrity, the communications networks should, at a minimum, satisfy compliance
standards that are established by standards committees, such as the International
'Organization for Standardization (ISO), International Electrotechnical Commission
(IEC), or the Telecommunication Industry Association (TIA). The compliance
standards help network designers provide communications networks that achieve at
least minimum levels of signal integrity as well as some standard of compatibility.

One prevalent type of communication system uses twisted pairs of
wires or other conduits to transmit signals. In twisted pair systems, information

such as video, audio, and data are transmitted in the form of balanced signals over a
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pair of conduits, such as wires. The transmitted signal is defined by the voltage
difference between the conduits.

Crosstalk can negatively affect signal integrity in twisted pair
systems. Crosstalk is unbalanced noise caused by capacitive and/or inductive
coupling between conduits of a twisted pair system. Crosstalk can include
differential mode and common mode crosstalk, referring to noise created by either
differential mode or common mode signals radiating from a transmission conduit.
The effects of crosstalk become more difficult to address with increased signal
frequency ranges.

Twisting pairs of wires together, such as in twisted pair systems,
’provides a canceling effect of the differential mode crosstalk created by each
individual wire, as the effect of crosstalk created by one wire is compensated for by
the corresponding voltage of the complementary wire.

Communications networks include connectors that bring untwisted
transmission signals in close proximity to one another. For example, the contacts of
traditional connectors (e.g. jacks and plugs) used to provide interconnections in
twisted pair telecommunications systems are particularly susceptible to crosstalk
interference. This is due in pért to the fact that twisted pair wires are typically
‘straight within at least a portion of the connector. Over this untwisted length, a
complementary wire no longer provides compensation for wire-to-wire crosstalk.
These effects of crosstalk increase when transmission signals are positioned close to
.one another. Consequently, communications networks connection areas are
especially susceptible to crosstalk because of the proximity of the transmission
;signals.

Crosstalk can be described as a transmission line effect of a
"disturbing wire" affecting a "disturbed wire". In the case of cabling-to-cabling
effects, the effects can be considered to be a "disturbing channel" on a "disturbed
channel”. Crosstalk at a given point on a transmission line can be measured
according to a number of components based on its source. Near end crosstalk
(NEXT) refers to crosstalk that is propagated in the disturbed channel in the
direction opposite to the direction of propagation of a signal in the disturbing

channel, and is a result of the vector difference between the currents generated by

inductive and capacitive coupling effects between transmission lines. Far end
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crosstalk (FEXT) refers to crosstalk that is propagated in a disturbed channel in the
éame direction as the propagation of a signal in the disturbing channel, and is a
result of the vector sum of the currents generated by inductive and capacitive
coupling effects between transmission lines.

An additional form of crosstalk, alien crosstalk, refers to crosstalk
that occurs between different cabling (i.e. different channels) in a bundle or
otherwise in close proximity, rather than between individual wires or circuits within
a single cable. Alien crosstalk can include both alien near end crosstalk (ANEXT)
and alien far end crosstalk (AFEXT). Alien crosstalk can be introduced, for
example, at a multiple connector interface. This component of crosstalk typically
has not presented a performance issue due to the data transmission speeds and
encoding involved in existing systems.

Further, common mode signals can affect crosstalk between wires or
wire pairs in a single cable or between cables in cabling. These common mode
signals can have a detrimental effect upon performance because they can result in
differential crosstalk at connectors within a network, adding to the crosstalk noise
broduced. At current network data transmission speeds, common mode signals have
not produced a sufficiently detrimental effect for their consideration to be mandated
in current standards.

In twisted pair systems various data transmission protocols exist,
each having specific timing and interference requirements. For example, category 3
cabling uses frequencies of up to 10 MHz, and is used in 10BASE-T networks.
Category 5 cabling, which is commonly used in 100BASE-TX networks operating at
100Mbit/sec, operates at a frequency of up to 100 MHz. Category Se cabling can be

used in 1000BASE-T networks, and also operates at up to 100 MHz. Category 6

cabling, because of additional throughput needed, is specified to operate at 250MHz.

Category 6a cabling is currently speciﬁednto operate at frequencies of up to 500
MHz.

Many connectors use capacitive elements to compensate for the
crosstalk between pairs in a plug and jack connector. Capacitive coupling can be

used to achieve a gompensatiVe effect on either overall NEXT or FEXT, while

‘having a detrimental effect on the other due to the additive/differential vector effect

of each. With increasing data transmission speeds, additional crosstalk of various
3
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types is generated among cables, and must be accounted for in designing systems in

which compensation for the crosstalk is applied.

Summary

According to one aspect, a method of crosstalk compensation within
a connector is disclosed. The method includes determining an uncompensated

crosstalk, including an uncompensated capacitive crosstalk and an uncompensated

- inductive crosstalk, of a wire pair in a connector. The uncompensated crosstalk

includes both differential mode and common mode crosstalk. According to the
method, the connector has a housing defining a port for receiving a plug, the housing
including a plurality of contact springs adapted to make electrical contact with the
plug when the plug is inserted into the port of the housing. The contact springs
connect to one or more wire pairs. The method also includes applying at least one
inductive element to the wire pair, where the at least one inductive element is
configured and arranged to provide balanced compensation for the inductive
crosstalk caused by the one or more pairs. The method further includes applying at
least one capacitive element to the wire pair, where the at least one capacitive
element is configured and arranged to provide balanced compensation for the
capacitive crosstalk caused by the one or more wire pairs.

According to a second aspect, a connector having balanced érosstalk
compensation is disclosed. The connector includes a housing defining a port for
}eceiving a plug. The housing includes a plurality of contact springs adapted to
make electrical contact with the plug when the plug is inserted into the port of the
housing. The contact springs connect to one or more wire pairs within the housing.
The connector also includes at least one inductive element applied to a wire pair.
ﬁ"he at least one inductive element is configured and arranged to provide balanced
compensation for inductive crosstalk caused by the one or more pairs. The
connector also includes at least one capacitive element applied to a wire pair. The at
least one capacitive element is configured and arranged to provide balanced
compensation for capacitive crosstalk caused by the one or more pairs. The
capacitive crosstalk and inductive crosstalk include both differential and common

mode crosstalk,
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Brief Description of.the Drawings

FIG. 1 is a schematic illustration of a jack that can be used in a
communications network of the present disclosure;

FIG. 2 is a schematic illustration of a plug that can be used in a
communications network of the present disclosure;
| FIG. 3 is a front perspective view of a telecommunications jack
having features that are used in conjunction with aspects of the present disclosure;

FIG. 4 is an exploded view of the telecommunications jack of FIG. 3;

FIG. 5 is a schematic diagram of a test environment in which aspects
of the present disclosure can be implemented and observed;

FIG. 6 is a schematic diagram of a multiple connection
communications network in which aspects of the present disclosure can be
implemented;

FIG. 7A is a schematic vector diagram showing an inductive
compensation arrangement used to provide crosstalk compensation in a
telecommunications jack;

FIG. 7B is a schematic vector diagram showing a capacitive
compensation arrangement used to provide crosstalk compensation in a
;telecommunications jack;

FIG. 8A is a schematic vector diagram showing a second inductive
compensation arrangement used to provide crosstalk compensation in a
telecommunications jack; and

FIG. 8B is a schematic vector diagram showing a second capacitive
compensation arrangement used to provide crosstalk compensation in a

telecommunications jack.

\
Detailed Description

The present disclosure relates generally to crosstalk compensation
techniques in connecting hardware of telecommunications networks. In connecting
hardware such as a plug and jack configuration, inductive and capacitive coupling
between transmission lines create near end and far end crosstalk. Where multiple
plug and jack configurations are located near each other, additional crosstalk, termed

"alien" crosstalk, can affect data transmission. Alien crosstalk can have common
5



W

10

15

20

25

30

0 2008/048467 PCT/US2007/021730

mode (as explained below) and differential mode components, and can include both
NEXT and FEXT.

Uncompensated signals or unbalanced crosstalk compensation can
result in reflected and transmitted common mode signals, TCL and TCTL
respectively, on the transmission line carrying data. Current standards set acceptable
TCL and TCTL levels arbitrarily, and can be insufficient in some circumstances in
that the TCL and TCTL can adversely affect crosstalk at other connectors in the
éelecommunications network. Specifically, TCL and TCTL can create additional
NEXT/FEXT and ANEXT/AFEXT at a different connector or connectors. By
applying both balancing inductive and capacitive elements, particularly in a multi-
:stage arrangement, crosstalk effects can be minimized over a wide range of
ioperating frequencies, and in a manner that balances the crosstalk signals traveling
’in both directions from the interfering location in various channels.

In general, by effectively balancing the forward and reverse crosstalk
signals during crosstalk compensation using inductive and capacitive elements, good
;bi-directional performance on a single pair is achieved. By applying analogous
crosstalk éompensation to adj.acent pairs, alien crosstalk effects can be minimized as
well.

Referring to FIG. 1, a schematic illustration of a telecommunications
jack 100 is shown that can be used in a communications network of the present
hisclosure. The jack 100 includes eight contact springs, each having a position 1-8.
The contact springs are adapted to interconnect with eight corresponding contacts of
a plug as shown in FIG. 2.

In use, contact springs 4 and 5 are connected to a first pair of wires,
contact springs 1 and 2 are connected to a second pair of wires, contact springs 3 and
6 are connected to a third pair of wires, and contact springs 7 and 8 are connected to
a fourth pair of wires. Each pair of wires can constitute a twisted pair within a wire
channel leading from the jack 100;
| Referring to FIG. 2, a schematic illustration of a telecommunications
plug is shown that can be used in a communications network of the present
fdisclosure. The plug shown has eight contacts corresponding to the contacts of jack

100 of FIG. 1. The plug can be, for example, an RJ-45 type plug to be inserted into



WO 2008/048467 PCT/US2007/021730

10

15

20

25

30

the jack, such that the eight contacts electrically connect to the contact springs of the
jack.

Referring to FIGS. 3 and 4, a telecommunications jack 120 (i.e., a
telecommunications connector) is shown having features that are examples of
inventive aspects in accordance with the principles of the present disclosure. The
jack 120 includes a dielectric housing 122 having a front piece 124 and a rear piece
126. The front and rear pieces 124, 126 can be interconnected by a snap fit
connection. The front piece 124 defines a front port 128 sized and shaped to receive
a conventional telecommunications plug (e.g., an RJ style plug such as an RJ 45
plug). The rear piece 126 defines an insulation displacement connector interface and
includes a plurality of towers 130 adapted to house insulation displacement
connector blades/contacts. The jack 120 further includes a circuit board 132 that
mounts between the front and rear pieces 124, 126 of the housing 122. A plurality
of contact springs CS;-CS; are terminated to a front side of the circuit board 132. A
plurality of insulation displacement connector blades IDC,-IDCjs are terminated to a
back side of the circuit board 132. The contact springs CS;-CSg extend into the front
port 128 and are adapted to be electrically connected to corresponding contacts
provided on a plug when the plug is inserted into the front port 128. The insulation
displacement connector blades IDC,-IDCs; fit within the towers 130 of the rear piece
126 of the housing 122. The circuit board 132 has tracks T,-Tjs that respectively

electrically connect the contact springs CS;-CS;s to the insulation displacement

~connector blades IDC,;-IDCs.

In use, wires are electrically connected to the contact springs CS;-CSg
by inserting the wires between pairs of the insulation displacement connector blades
IDC,-IDCs. When the wires are inserted between pairs of the insulation
displacement connector blades IDC,-IDC;, the blades cut through the insulation of
the wires and make electrical contact with the center conductors of the wires. In this
way, the insulation displacement connector blades IDC,-IDCg, which are electrically
connected to the contact springs CS;-CS;3 by the tracks on the circuit board, provide
an efficient means for electrically connecting a twisted pair of wires to the contact
springs CS,-CSg of the jack 120.

In use, the jack 120 is used in conjunction with a plug 200 as

described in FIG. 2. The plug lacks crosstalk compensation, so compensation
7
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elements are included in the plug-jack combination via inclusion in the
telecommunications jack 120. The crosstalk compensation elements are generally
located near the contact springs CS,-CSg, generally within the housing. In one
posstble embodiment, the crosstalk compensation elements can be located on the
circuit board 132.

Multiple plug-jack combinations can be used in closed proximity to
each other. A bundle of telecommunications cables can be routed to a patch panel or
other network interconnection structure, potentially causing additional crosstalk
Between the connectors, or channels. Hence, alien crosstalk is likely in
configurations using a jack 120 as shown.

Referring to FIG. 5, a schematic of a data transmission network 500
is shown having a first transmission channel 502 and a second transmission channel
504 located in physical proximity to each other. The data transmission network 500
1s shown as an exemplary crosstalk testing configuration to illustrate selected
crosstalk effects between the two transmission channels shown, and to assess
crosstalk effects between neighboring mated connectors and common mode
conversion in a connector. In additional embodiments, the data transmission
network could have additional transmission lines and/or channels consistent with the
present disclosure.

The first transmission channel 502 has a first connector 506, which as
shown can be a plug and jack such as are disclosed in FIGS. 1-4. The second
transmission channel 504 has a second connector 508, which can also be a plug and
socket as shown. Both the first and the second transmission channels 502, 504 have
a length of twisted pair cable attached to the first and second connector 506, 508,
respectively. A 40 meter twisted pair cable is shown to be attached between each of
the first and second connectors 506, 508 and cable terminations 510. At each end of
the first and second transmission channels 502, 504, cable terminations 510
minimize reflection of data signals on the transmission line, such as via a matched
impedance configuration.

A signal is injected onto the first transmission channel 502 at a point
to one side of the first connector 506. The signal travels through the first connector
506 and along the first twisted pair cable, reaching a cable termination 510. As the

signal passes through the first connector 506, crosstalk is generated by the wires and
8
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other components within the plug and jack. This crosstalk can include both
differential mode crosstalk and common mode crosstalk.

At the connector 506, the injected differential mode signal encounters
capacitive and inductive coupling effects of a given magnitude and centered on the
connector. NEXT and FEXT are generated on other twisted pairs within the jack.

In the present embodiment, common mode crosstalk is shown to be - 45 dB in both
directions. On the same twisted pair, reflected TCL and transmitted TCTL represent
the undesirable signal noise transmitted or reflected based on the effect of the
inductive and capacitive elements. The TCL and TCTL are shown to be -35 dB in
both directions.

At a neighboring plug/jack combination, alien NEXT/FEXT is
generated due to close association between the disturbing first connector 506 and the
disturbed second connector 508. This alien crosstalk can propagate from the second
connector 508 down the twisted pairs associated with that connector, and can
include common mode alien crosstalk. In the example shown, the observed initial
common mode ANEXT is shown to be - 60 dB, and common mode AFEXT is
estimated to be - 60 dB as well.

Referring to FIG. 6, a schematic diagram of a multiple connection
communications channel 600 is shown in which aspects of the present invention can
be implemented. The system as shown illustrates the common mode effects of a
single cable of one or more pairs on other twisted pairs within the same cable as well
as within a near neighbor cable. As in FIG. 5, common mode conversion occurs
within a first channel 602, which can include four twisted pairs as shown in FIG. 1.
This generates TCL and TCTL on the transmitting pair, common mode NEXT and
FEXT in disturbed pairs within the same channel 602, and ANEXT/AFEXT within a
neighboring "disturbed" channel 604. As the inserted differential signal travels
along the network, each plug/socket combination generates common mode TCL and
TCTL signals which in turn affect the neighboring pairs within the same and
heighboring channels 602, 604 as described in FIG. 5. Excluding common mode
effecfs in existence on the channel, as differential mode signals enter a plug/jack,
‘ANEXT and AFEXT are generated at the neighboring plug/jack; within a cable the
ANEXT and AFEXT are generated in neighboring cables. In addition, because of

the common mode problem, both differential mode and common mode signals exist
9
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on the cable. The common mode signals couple to and from other neighboring
cables easily.

Although crosstalk attenuates with distance from the source of the
crosstalk, a large number of plug/socket connector combinations has an additive
effect upon the total crosstalk in the channel. The additive crosstalk effects within
bundles of cables are due in part to alien crosstalk effects. The alien crosstalk

effects are much larger than may be anticipated due to the additive effects of

common mode conversions along cabling having a number of transmission lines in

close physical proximity.

As shown in FIGS. 5-6, crosstalk can have a negative effect upon the
performance of wired pairs located within the same channel as well as within
neighboring channels. Hence, compensation schemes are necessary to prevent
signal loss and conversion at each connector location. Compensation schemes
should account for NEXT and FEXT, but should also account for possible alien
crosstalk as well as common mode effects, which can also have a detrimental effect
on transmission lines. As higher frequency data transmission becomes required, it is
optimal to provide cabling with compensation arrangements which are backwards
compatible with slower speed systems. For example, Category 6 cabling operating
at 250 MHz should also be useable as a category 5 system running at 100 MHz, and
even slower category 3 speeds. Using just capacitive elements not in balance across
the line, adverse effects on return loss, insertion loss, and balance can be introduced
because more capacitive compensation must be added than in systems using
capacitive and inductive coupling elements for crosstalk compensation. FIGS. 7-8
lillus'trate solutions to these limitations, using the structures disclosed in FIGS. 1-4,
consistent with principles of the present disclosure.

Referring now to FIGS. 7-8, schematic illustrations of crosstalk
compensation schemes are shown consistent with the present disclosure. In
designing the compensation schemes shown in FIGS. 7-8, a number of factors are

taken into consideration when determining the placement of the compensation

zones. One factor includes the need to accommodate signal travel in both directions

(i-e., in forward and reverse directions) through the wire conduits within the
connector, such as on a circuit board 144 shown in FIG. 4. To accommodate

uniform forward and reverse transmissions, the compensation scheme preferably has
10
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a configuration with forward and reverse symmetry, as well as symmetric
éompensation on neighboring plugs/jacks to minimize alien crosstalk generation.

It is also desirable for the compensation scheme to provide optimized
:compensation over a relatively wide range of transmission frequencies. For
éxample, in one embodiment, performance is optimized for frequencies ranging
from 1 MHz to 500 MHz. It is further desirable for the compensation arrangement
to take into consideration the phase shifts that occur as a result of the time delays
that take place as signals travel between the zones of compensation. Such phase
shifts depend upon the operating frequency of the communication network in which
the compensation scheme is efnployed. In one embodiment phase shifts are
optimized for use in a category 6 system running at frequencies over 250 MHz. The
methods by which each configuration accomplishes both symmetry and phase shift
are described in conjunction with FIGS. 7-8.

Referring to FIGS. 7A-7B, schematic vector diagrams 700, 750
illustrate inductive and capacitive compensation arrangements used in conjunction to
provide crosstalk compensation in a telecommunications plug and jack according to
a possible embodiment of the present disclosure. In the embodiment shown, two-

stage capacitance and inductance configurations are applied across one or more

:wired pairs, such as the 3-6 pair or 4-5 pair of a plug-jack arrangement as shown

above in FIG. 1. Of course, the crosstalk compensation arrangement disclosed could

be used in conjunction with other wired pairs exhibiting substantial crosstalk as
well.

The vectors of FIGS. 7A and 7B are configured such that the
compensating inductance and capacitance elements are balanced, meaning that the

targeted vector sum and difference resulting from application of inductance and

‘capacitance to the selected pair is approximately zero for both inductance and

capacitance.

The compensation arrangements in both FIGS. 7A and 7B include
three vectors. The axis vectors 720, 740, shown as Leyoss and Corogs, respectively,
represent the inductive and capacitive crosstalk emitted at a plug and jack between
any two wired pairs. The axis vectors 720, 740 répresent the cumulative sum of all
crosstalk generated by the wired pair. In determining the crosstalk, both intra-

channel and inter-channel effects are considered, in that the compensation
11
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arrangements contemplated by the present disclosure account for both cross-modal
(common mode to differential mode) and alien crosstalk.

‘ Referring to FIG. 7A, although not drawn to scale for purposes of
illustration, it is contemplated that the inductive crosstalk 720 generally represents
about a third of the total crosstalk effect generated at a plug/jack. This inductive
crosstalk vector 720 is offset by first and second inductive compensation elements,
Ll and L2. The second inductive vector 722 represents the inductive compensation
provided by inductor L1, and the third inductive vector 724 represents inductive
compensation provided by inductor L2.

Typical usage of capacitive compensation to adjust the inductive
crosstalk effects results in usage of a higher compensating capacitance and makes
balancing of the inductive crosstalk component impossible. This provides
unbalanced capacitive configurations, which may have detrimental effects on the
performance of the plug at certain operating frequencies and in certain directions.

This is because NEXT is a vector difference of crosstalk components, whereas

FEXT is a vector sum of the same components. Conversely, the arrangement of

inductive elements shown in FIG. 7A counterbalances the inductive crosstalk Lgoss

;shown, as the vector sum and difference are both zero. Vector 722 has a magnitude

of approximately twice that of vector 720, but of opposite phase. Vector 724 has a

magnitude approximately equal to that of vector 720, and of the same phase.

Likewise, the capacitive compensation arrangement shown in FIG.

7B uses two zones of compensation, and is shown as three vectors. The capacitive

crosstalk 740 is compensated by a first capacitive element C1 represented by vector

742, and a second capacitive element represented by vector 744. In the two zone

capacitive configuration, the capacitive crosstalk is compensated based on vector

742 having a magnitude approximately twice that of vector 740, and of opposite

phase. Vector 744 has approximately the same magnitude and phase as vector 740.
Hence, the additive and differential vector relationships are approximately balanced
with respect to capacitance as well.

With respect to both the inductive and capacitive crosstalk

arrangements of FIGS. 7A-7B, it is preferred that phase shift and symmetry be
‘carefully attended to. With respect to phase shift, it is desired to minimize the effect

of phase shift in the compensation arrangement. Therefore it is preferred for vector
12
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722 (inductive‘ element L1) to be positioned as close as possible to the inductive
crosstalk vector 720. The time delay shown in this configuration between the
vectors is depicted as y. To maintain the forward and reverse symmetry preferred,
vector 724 (inductive element L2) is optimally placed at a similar distance y from
the second vector 722. Likewise, capacitive elements C1, C2 should be
approximately equally spaced (such as at distance x as depicted) to maintain
symmetry. Distances x and y can be the same or different distances, but both are
relatively short so as to place the inductive and capacitive elements as close as
possible to the contact springs.

The implementation of the schematic vector diagrams of FIGS. 7A-
7B can be accomplished via a variety of methods. A preferred method involves
determining the inductive and capacitive crosstalk generated by the connector when
no compensating elements are applied. At least one inductive element can be
applied to the uncompensated connector, and compensates for the inductive

crosstalk measured. Preferably, at least a two stage inductive crosstalk

‘compensation is applied, as shown in FIG. 7A. At least one capacitive element can

then be applied, which compensates for the capacitive crosstalk. Preferably, a two
stage capacitive crosstalk compensation is then applied. The capacitive and
inductive crosstalk compensations are applied in such a way that they provide
balanced crosstalk compensation for the capacitive and inductive crosstalk effects
generated by the wired pair at the connector.

Additionally, the capacitive and inductive crosstalk compensation
schemes of FIGS. 7A-7B can be applied in an equivalently balanced manner across
multiple wire pairs within a channel, or multiple channels. This can be
accomplished, for example, by applying compensation elements of approximately
equal magnitude and in approximately the same positions on the multiple wire pairs

in which compensation is applied. By maintaining balance in the multiple wire pairs

1in a channel or adjacent channels, alien crosstalk effects, which are substantial at

‘higher frequencies, can be minimized.

In a possible implementation of the method, the capacitive portion of
crosstalk is determined after application of one or more stages of inductive crosstalk
compensation. This may be because application of inductive crosstalk compensation

may affect the capacitive crosstalk generated by the connector, which in turn would
13
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affect the amount of capacitive crosstalk compensation which would need to be
applied. This is parﬁcularly the case where inductive crosstalk compensation is
accomplished via a crossover of wires. Such a crossover results in both inductive
and capacitive effects, so application of such an inductive effect would necessarily
change the capacitive component of crosstalk observed. This affects the magnitude
of capacitive elements to be applied consistent with the principles described herein.
Additional zones or stages of compensation can be applied until the
desired compensation level has been reached, which is determined by the crosstalk
noise threshold tolerable at a given frequency. The crosstalk threshold may include

a variety of differential mode and common mode effects, particularly as the

frequency of the transmission line increases. Specifically, common mode crosstalk

and alien crosstalk may require additional consideration to determine whether

threshold levels of crosstalk emission are acceptable. It is anticipated by the present

disclosure that the TCL and TCTL common mode effects require a level of

compensation such that common mode generation levels are greater than 80 - 20 log
(frequency) are required, although current standards only require levels greater than
68 - 20 log (frequency). The present disclosure anticipates similar threshold levels
for cross-modal NEXT and cross-modal FEXT, resulting from the TCL and TCTL
signals, which remain unspecified in current standards, such as for Category Se or 6
cabling specifications.

Referring to FIGS. 8A-8B, a particular implementation of a connector
implementing crosstalk compensation is shown. In the embodiment shown, the
connector includes balanced inductive and capacitive elements that are used to in an
iterative, multistage crosstalk compensation configuration.

The crosstalk compensation configuration shown has three zones of
crosstalk compensation for both inductive and capacitive components of crosstalk.
FIG. 8A reflects a three zone inductive compensation arrangement 800 designed to
maintain symmetry, or "balance", between forward and reverse transmission quality
of data signals. Vector 820 represents the inductive component of crosstalk

generated by the plug and jack, and can include a number of forms of crosstalk,

‘including alien crosstalk. Vectors 822, 824, and 826 represent inductive

compensating zones, incorporating inductors L1-L3 at those stages, respectively.

Vector 822 has a magnitude approximately three times the magnitude of L, and
14



WO 2008/048467 PCT/US2007/021730

10

15

20

25

30

of opposite phase. Vector 824 has a magnitude approximately three times the
magnitude of L, and of the same phase. Vector 826 has a magnitude
approximately three times the magnitude of L, and of the opposite phase. Hence,
the sum of all inductive compensation zones and crosstalk is approximately zero.
Regarding time delay, a three zone compensation arrangement allows
for adjustability/tuning of the compensation for a specific operating frequency range.
Vector 822, representing L1 as the first inductive crosstalk compensation stage, is
located at a time w from vector 820, the inductive crosstalk located at the connection
between the plug and jack. Likewise, vector 826, representing L3 as the third
inductive crosstalk compensation stage, is located at approximately the same time w
from vector 824, representing L2 as the second inductive crosstalk compensation

stage. The time between vectors 822 and 824 is shown to be a separate time p,

largely unrelated to time w. Time p can be varied to achieve a desired level of

compensation within a specified frequency range.

Similarly, FIG. 8B reflects a three zone capacitive compensation
arrangement 850 designed to maintain symmetry between forward and reverse
transmission quality of data signals. Vector 840 represents the capacitive
component of crosstalk generated by the plug and front of the jack, and can also
account for potential alien crosstalk. Vectors 842, 844, and 846 represent capacitive
compensating zones, incorporating capacitors C1-C3 at those stages, respectively.
Analogously to the inductive compensation vectors, véctor 842 has a magnitude
approximately three times the magnitude of C,ss, and of opposite phase. Vector
844 has a magnitude approximately three times the magnitude of C_ s, and of the
same phase. Vector 846 has a magnitude approximately three times the magnitude
of Ceross, and of the opposite phase. Hence, the sum of all capacitive compensation
zones and crosstalk is approximately zero.

Regarding time delay, the time between C.,.ss and C1 (and therefore
vectors 840 and 842) is preferably the same as between C2 and C3 (vectors 844 and
846), shown as time z. The time between C1 and C2 (vectors 842 and 844) is shown
as time q, which is largely unrelated with time z and can be varied to achieve a
desired level of capacitive compensation within a given frequency range.

The time delays p and q between the second vectors 822, 824 and the

third vectors 842, 844 of the capacitive and inductive arrangements are preferably
15
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selected to optimize the overall compensation effect of the compensation scheme
over a relatively wide range of frequencies. By varying the time delays p and q
between the vectors, the phase angles of the first and second compensation zones are
varied thereby altering the amount of compensation provided at different
frequencies. In one example embodiment, to design the time delays, the time delay
p is initially set with a value generally equal to z (i.e., the time delay between the
first vector 820 and the second vector 822). The system is then tested or simulated
to determine if an acceptable level of compensation is provided across the entire
signal frequency range intended to be used. If the system meets the crosstalk
requirements with the value p set equal to z, then no further adjustment is needed. If
the compensation scheme fails the crosstalk requirements at higher frequencies, the
time delay p can be shortened to improve performance at higher frequencies. If the
compensation scheme fails the crosstalk requirements at lower frequencies, the time
delay p can be increased to improve crosstalk performance for lower frequencies.
Likewise, the time delay q can be adjusted independently of p, and testing of the
performance of q can start by using the time delay w between vectors 740 and 742.

It will be appreciated that the time delays p and q can be varied without altering

forward and reverse symmetry.

As discussed in conjunction with FIG. 7A-7B, it is preferred that
phase shift and symmetry be carefully attended to. The positioning of the capacitive
and inductive elements described above provides for tuning of crosstalk
compensation to cover a desired frequency range within a pair. Further, the
adjustable times p and q shown in FIGS. 8A and 8B can be adjusted in tandem or
independently so as to optimize compensation of the inductive or capacitive portions
of the crosstalk generated by the plug/jack combination. Thi’s independent or
conjunctive tuning of inductive and capacitive effects within a pair can be used in

conjunction with the principles of the present disclosure to manipulate the return

loss levels over various frequency ranges.

The specific amount of capacitance and inductance involved in each
compensation stage, the number of stages or zones of compensation, as well as the
time spacing of the compensation elements depends upon the desired compensation
to be achieved. Compensation for a narrow range of frequencies can be

accomplished with fewer compensation stages. Compensation for a wide range of
16
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frequencies may require additional compensation stages. Further, compensation to a
lower crosstalk noise level, such as when accounting for alien crosstalk and/or cross-
modal crosstalk, may require additional stages of crosstalk compensation. However,
the number of zones/stages of crosstalk compensation is not dictated by the present
disclosure, and can be tailored to a particular application requiring specific stages
and inductance/capacitance values.

Similarly to FIGS. 7A-7B, the vector compensation arrangement of
FIGS. 8A-8B can be implemented by a variety of methods. It is possible to apply
the method described above in conjunction with FIGS. 7A-7B to the crosstalk
compensation configuration of FIGS. 8 A-8B, simply by applying the three inductive
stages, followed by applying the three capacitive stages. As in the previously
described method, it may be desirable to determine the capacitive component of
crosstalk after applying the inductive crosstalk compensation. Furthermore, the
embodiment of FIGS. 8 A-8B can be applied to multiple wire pairs within a plug and
jack of a connector, as previously described in conjunction with FIGS 7A-7B to
ensure balance across pairs in order to further address the detrimental effects of alien
crosstalk. Additional compensation components can be added to reach a desired
tolerance on an iterative basis.

The vector schematics of FIGS. 7-8 represent only two theoretical
combinations of balanced inductive and capacitive arrangements. Additional
balanced arrangements using inductive and capacitive elements can be designed
consistent with the present disclosure, some examples of which can include
additional compensation zones consistent with the principles of vector cancellation
illustrated above.

The above specification, examples and data provide a complete
description of the manufacture and use of the composition of the invention. Since
many embodiments of the invention can be made without departing from the spirit

and scope of the invention, the invention resides in the claims hereinafter appended.

17
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The Claimed Invention Is:

1. A method of crosstalk compensation within a connector, the method

comprising:

determining an uncompensated crosstalk, including an
uncompensated capacitive crosstalk and an uncompensated inductive crosstalk, of a
wired pair in a connector, the uncompensated crosstalk including differential mode
crosstalk and common mode crosstalk, the connector having a housing defining a
port for receiving a plug, the housing including a plurality of contact springs adapted
to make electrical contact with the plug when the plug is inserted into the port of the
housing, the contact springs connecting to one or more wired pairs;

applying at least two inductive elements to the wired pair, each of the
at least two inductive elements configured and arranged to provide a zone of
inductive crosstalk compensation, the at least two inductive elements configured and
arranged to provide balanced compensation for the inductive crosstalk caused by the
one or more pairs;

applying at least two capacitive elements to the wired pair, each of
the at least two capacitive elements configured and arranged to provide a zone of
capacitive crosstalk compensation, the at least two capacitive elements configured
and arranged to provide balanced compensation for the capacitive crosstalk caused

by the one or more pairs.

2. The method of claim 1, further comprising applying at least two
inductive elements and two capacitive elements to a neighboring wired pair in
approximately corresponding locations as the inductive elements and capacitive

elements on the wired pair.

3. The method of claim 1, wherein appl}\/ing at least two inductive

elements occurs before applying at least two capacitive elements.

4. The method of claim 1, wherein applying at least two inductive
elements and applying at least two capacitive elements balances near end crosstalk

and far end crosstalk.

18
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5. The method of claim 1, wherein determining the uncompensated

crosstalk includes determining alien crosstalk.

6. The method of claim 5, wherein determining an alien crosstalk
includes determining a near end alien crosstalk and determining a far end alien

crosstalk.

7. The method of claim 1, wherein the common mode crosstalk is less

than 80 - 20 log * frequency at the operating frequency of the wired pair.

8. The method of claim 1, wherein determining the uncompensated
crosstalk includes determining a cross-modal crosstalk including a cross-modal near

end crosstalk and a cross-modal far end crosstalk.

9, The method of claim 8, wherein the cross-modal near end crosstalk

ievel is less than 80 - 20 log * frequency.

10. The method of claim 8, wherein the cross-modal far end crosstalk

level is less than 80 - 20 log * frequency.

11.  The method of claim 1, further comprising determining a
compensated crosstalk of the wired pair after applying the at least two inductive

elements and applying the at least two capacitive elements.

, 12.  The method of claim 1, further comprising applying at least one
balancing inductive element or balancing capacitive element to a second wired pair

within the connector to further compensate for crosstalk in a channel.

13.  The method of claim 1, wherein applying at least two inductive
elements to the wired pair comprises applying a first inductive element and a second
inductive element, the first inductive element of opposite phase and double
magnitude to the inductive crosstalk and the second inductive element of a same

phase and magnitude as the inductive crosstalk.
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14. The method of claim 1, wherein the at least two inductive elements

are wire crossover locations.

15.  The method of claim 1, wherein applying at least two capacitive
elements to the wired pair comprises applying a first capacitive element and a
second capacitive element, the first capacitive element of opposite phase and double
magnitude to the capacitive crosstalk and the second capacitive element of a same

phase and magnitude as the capacitive crosstalk.

16. A connector having balanced crosstalk compensation comprising:

(a) a housing defining a port for receiving a plug, the housing
including a plurality of contact springs adapted to make electrical contact with the
plug when the plug is inserted into the port of the housing, the contact springs
connecting to one or more wired pairs within the housing;

(b) at least two inductive elements applied to a wired pair; and

(c) at least two capacitive elements applied to the wired pair;

(d) wherein the at least two inductive elements and the at least
two capacitive elements are configured and arranged to provide balanced
compensation for crosstalk including inductive and capacitive crosstalk caused by

differential and common mode signals on the one or more pairs.

17.  The telecommunications jack of claim 16, wherein the at least two

inductive elements comprises:
| (a) a first inductive element of opposite phase and a magnitude
approximately twice the magnitude of the inductive crosstalk;

(b) a second inductive element of approximately the same phase
and magnitude as the inductive crosstalk;

(c) wherein the first inductive element is placed at a time delay
from the contact springs and the second inductive element is placed at twice the time

delay from the contact springs.

18.  The telecommunications jack of claim 16, wherein the at least two

capacitive elements:

20
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(a)  afirst capacitive element of opposite phase and a magnitude
approximately twice the magnitude of the capacitive crosstalk;

(b) a second capacitive element of approximately the same phase
and magnitude as the capacitive crosstalk;

(c) wherein the first capacitive element is placed at a time delay
from the contact springs and the second capacitive element is placed twice the time

delay from the contact springs.

19.  The telecommunications jack of claim 16, wherein the common mode
crosstalk is less than 80 - 20 log * frequency at an operating frequency of the wired

pair.

20.  The telecommunications jack of claim 16, wherein the crosstalk

includes alien crosstalk.

21.  The telecommunications jack of claim 16, further comprising:
at least two inductive elements applied to a second wired pair;
at least two capacitive elements applied to the second wired pair;
. wherein the at least two inductive elements and the at least two
capacitive elements are configured and arranged to provide corresponding balanced
éompensation for crosstalk on the second wired pair with respect to crosstalk due to

the second wired pair and the wired pair.
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