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Arrangement of contact pairs for compensation of near-end
crosstalk

The invention relates to an arrangement of
contact pairs for compensation of near-end crosstalk in
accordance with the preamble of claim 1.

On account of magnetic and electrical coupling
between two contact pairs, one contact pair induces a
current in neighboring contact pairs, or influences
electrical charges, thereby producing crosstalk. In order
to avoid near-end crosstalk, the contact pairs can be
arranged very far away from one another or a shield can
be arranged between the contact pairs. However, if it is
necessary to arrange the contact pairs structurally very
close together, the measures described above cannot be
implemented and the near-end crosstalk must be compen-
sated for.

A known method for reducing near-end crosstalk in
plugs is compensation downstream of the plug contacts.
This is done by deliberate additional coupling which,
however, in contrast to the coupling in the contact
region, constitutes a component in antiphase and conse-
quently reduces the overall crosstalk. For this purpose,
a pair of leads is deliberately transposed downstream of
the plug contact, with the result that an additional
coupling in antiphase is effected downstream of the
crossover point. Alternatively, as disclosed in
EP 0525703, the compensation can be effected by addi-
tional discreet capacitors downstream of the plug con-
tact. The disadvantage of this compensation method is
that the contact length and the distance between the
center of the contact and the compensation location
impose a physical limit for high frequencies on the scope
of the compensation, with the result that this type of
compensation has only limited applicability for rela-
tively high transmission rates.

The invention is therefore based on the technical
problem of providing an arrangement of contact pairs in
which compensation of near-end crosstalk is ensured even
at relatively high transmission rates. A further techni-
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cal problem of the invention is to prov"ide an arrangemerit
of contact pairs which is also compatible with the plug
connectors used hitherto.

The solving of the technical problem results from
the features of patent claim 1. The fact that one or both
contacts of a contact pair are designed to be angled away
once or more than once from a contact region, with the
result that the contacts then run parallel once more and
the distance between the contacts of different contact
pairs is designed such that crosstalk which is in anti-
phase with the crosstalk in the contact region is pro-
duced, this crosstalk being just mutually compensating in
the ideal case, leads to adequate crosstalk attenuation
being achieved even at high transmission frequencies. As
a result, the compensation is integrated directly into
the contact, without the individual contacts crossing
over physically, by which means the limit on the compen-
sation action is shifted to higher £requencies. The
physical configuration of the contacts in the compensa-
tion region depends sharply on the method in which the
contacts of the individual contact pairs are designed in
relation to one another in the contact region, for
example beside one another or nested. However, what is
common is that, given a displacement of the contact pairs
in relation to one another, there is always a position in
which complete decoupling, and beyond the decoupled
position, crosstalk in antiphase occurs. As a result of
the bending away of the contacts, the contacts are
brought precisely into this position. Further advanta-
geous refinements of the invention emerge f£from the
subclaims.

If the contacts of a contact pair are arranged
parallel and beside one another in the contact region,
then the antiphase cross torque is produced precisely
when the distance between the contacts of different
contact pairs is smaller than the distance between the
contacts of one contact pair, whereas in the case of
symmetrically nested contact pairs this occurs when the

planes covered by the contacts of one contact pair
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include an angle a < 90° {the decoupled position is just
at 90°).

The design of the contacts such that they are at
least partially flattened increases the capacitance
between the contacts, thereby increasing the compensa-
tion, since this has the same effect as enlarging the
area of a capacitor plate. In a further preferred embodi-
ment, a respective contact of a contact pair, following
the equidirectional extension, is rotated or angled away
again toward its associated contact until the smaller
distance again produces crosstalk which is in phase with
the crosstalk in the contact region. In the case of this
embodiment, the crosstalk in antiphase is then selected
precisely such that it is equal to the sum of the cross-
talk in the contact region and the additional crosstalk,
the in-phase crosstalk additionally produced preferably
being selected to have exactly the same magnitude as the
crosstalk in the contact region. In order to limit the
compensation region in the direction of a connecting
cable with which contact is to be made, it is possible
either to extend the contacts in a decoupled position or
arrange a shield between the contact pairs.

The invention is explained below using a pre-
ferred exemplary embodiment. In the figures:

Fig, 1 shows a perspective illustration of two contact
pairs with compensation in antiphase,

Fig. 2 shows a further arrangement of two contact pairs
with compensation in antiphase in a perspective
illustration,

Fig. 3 shows a further arrangement of two contact pairs
with compensation in antiphase in a perspective
illustration,

Fig. 4 shows a further arrangement of two contact pairs
with compensation in antiphase in a perspective
illustration,

Fig. 5 shows a perspective illustration of two contact
pairs with compensation in antiphase and in-phase
compensation,

Fig. 6 shows the pin allocation of an RJ-45 plug connec-
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tor (prior art),

shows two nested contact pairs with crosstalk,
shows an arrangement in order to compensate the
crosstalk in an arrangement according to Fig. 7a,
shows a schematic illustration of the coupling
relationships of an arrangement having 4 contact
pairs with partial nesting,

shows an arrangement of the two nested contact
pairs in a socket for high transmission frequen-
cies with simultaneous compatibility with plugs
according to the prior art,

shows an arrangement of the two nested contact
pairs in a plug for high transmission frequen-
cies,

shows an arrangement of a contact of a contact
pair with contacts lying together in relation to
an adjacent contact of a contact pair with nested
contacts,

shows an arrangement of three contact pairs in a
socket for high transmission frequencies, two
contact pairs being nested in one another,

shows an arrangement of three contact pairs in a
plug for high transmission frequencies, two
contact pairs being nested in one another,

shows an arrangement of a contact of a contact
pair with contacts lying together in relation to
an adjacent  contact of a contact pair having
nested contacts,

shows a contact arrangement of four contact pairs
in a socket for high transmission frequencies and
with complete compatibility with known RJ-45
plugs,

shows a contact arrangement of four contact pairs
in a plug for a socket according to Fig. 185,
shows an arrangement of the four contact pairs in
the connection region of the socket according to
Fig. 15 and

shows an arrangement of three contact pairs,
arranged underneath a sheet metal shield, in the
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connection region of a plug according to Fig. 16.

Fig. 1 shows a perspective illustration of an
arrangement of two contact pairs, 1, 2 and 3, 4, which
are each designed with a contact region 5 for making
contact with a mating element. If the contact pairs 1, 2
and 3, 4 are arranged in a plug, then the mating element
would be a socket, for example. In this case, the two
respective contacts 1, 2 and 3, 4 belonging to a contact
pair 1, 2; 3, 4 are first of all extended in opposite
directions following on from the contact region 5 and are
then turned in the same direction again. As a result, the
distance between the contacts 1, 3 and 2, ¢ is smaller
than the distance between the contacts 1 and 2, and 3 and
4, as a result of which the crosstalk in this region has
an opposite polarity to the crosstalk in the contact
region 5, where the contact pair 1, 2 induces current in
the contact pair 3, 4 or influences charges. Conse-
quently, as a result of the crosstalk in antiphase, the
near-end crosstalk -in the contact region § is
deliberately compensated for alone or together with
possible crosstalk in the mating element. This compen-
sation can be enhanced by a flattened design of the
contacts 1, 2, 3, 4, since the capacitance between the
respective contacts 1, 3 and 2, 4 is proportionally
increased by the enlargement of the areas respectively
opposite one another in the case of the contacts 1, 3 and
2, 4. In oxrder to achieve complete compensation, the
degree of crosstalk in antiphase must correspond exactly
to the near-end crosstalk in the contact region 5. For
this reason, it is possible for the compensation region
in the direction of a possible connecting cable to be
limited by means of a shield between the contact pairs 1,
2; 3, 4., Alternatively the contacts 1, 2, 3, 4 can be
extended in a decoupled position.

Fig. 2 illustrates an alternative arrangement
having two contact pairs 1, 2; 3, 4, in which the con-
tacts 1, 3 are firstly angled away from the contact
region 5 by 90° to their associated contacts 2, 4 ang,
following this, angled away once more through 90°,
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specifically such that the contacts 1, 3 are arranged
always parallel to one another, and all the contacts 1,
2, 3, 4 are arranged parallel to one another in the
compensation region. In the compensation xegion, the
distance between the contacts 1 and 3, and 2 and 4 is
then smaller than between the contacts 1, 2 and 3, 4 of
an associated contact pair 1, 2; 3, 4. In order to
terminate the compensation region, the contacts 1, 3 are
then angled away once more twice, so that the contacts 1,
2, 3, 4 are subsequently mutually arranged to correspond
to the contact region 5 or are extended as explained
above, for example in a decoupled position.

Illustrated in Fig. 3 is a further alternative
embodiment, in which the contacts 1, 3 are led back once
more in loops. Illustrated in Fig..4 is an embodiment
which represents a combination of the embodiments accor-
ding to Figs. 1 and 3.

Illustrated in Fig. 5 is an arrangement of
contact pairs 1, 2; 3, 4 in which compensation both in
antiphase and in phase of the crosstalk in the contact
region 5 is effected. The antiphase compensation is in
this case achieved by means of an appropriate contact
design according to Fig. 1, the contacts 1, 2, 3, 4 being
of angled-away design in this exemplary embodiment.
Following this first compensation region 6 the contacts
2, 4 are then angled away once more and extended toward
their associated contacts 1, 3. Following this, the
contacts 2, 4 are angled away once more, so that all the
contacts 1, 2, 3, 4 run parallel to one another. This
results in the contact pairs 1, 2; 3, 4 in each case
inducing currents or influencing charges in the other
contact pair 3, 4; 1, 2. This crosstalk produced is once
moxre in phase with the crosstalk in the contact region 5.
The region where the contacts 1, 2, 3, 4 are led in
parallel thus defines a second compensation region 7,
which in turn partially cancels the effect of the compen-
sation region 6. The basic idea in this case is firstly
initially to overcompensate the crosstalk present and
then to compensate for the overcompensation, which leads
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to more intensive attenuation of crosstalk, with the
result that the arrangement can be operated at still
higher frequencies. The crosstalk in the compensation
region 7 is preferably selected to be exactly as large as
the crosstalk in the contact region 5. In order to limit
the compensation region 7, the contact pair 3, 4 is
designed to be angled away once more twice, with the
result that the two contact pairs 1, 2 and 3, 4 are led
in parallel in a decoupled position to corresponding
connecting cables.

The preceding embodiments according to Figs. 1-5
are in principle suitable for multiple plug connections.
However, in order to achieve compatibility with alréady
existing plug connections, in particular with respect to
the mechanical dimensions and the pin allocation, addi-
tional measures are necessary. To this end, the pin
allocation for an RJ-45 plug are illustrated, for
example, in Fig. 6. The RJ-45 plug is the most widespread
plug connector for symmetrical data cables, in which in
Category 5, with an appropriate socket, crosstalk
attenuation of > 40 dB between all four conductor pairs
can be achieved at 100 MHz transmission frequency. As can
be seen from Pig. 6, the associated contacts of a contact
pair are not always located directly beside one another,
but rather the two central contact pairs 13, 16 and 14,
15 are nested, which results in particularly severe
crosstalk.

The nested arrangement of contact pairs 13, 16;
14, 15 with an excitation voltage U; on the outer contact
pair 13, 16 and an influenced crosstalk voltage U; on the
inner contact pair 14, 15 is illustrated in Fig. 7a.
Because of the low distances between the contacts 13 and
14, and 15 and 16, the crosstalk voltage has the same
sign as the excitation voltage U,. In accordance with the
considerations above, it is possible to find a position
for the contacts 14 and 16 in which complete decoupling
is achieved between the contact -pairs 13, 16; 14, 15,
namely when the two planes covered by the contact pairs
13, 16; 14, 15 are at right angles to one another. If the
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contacts 14, 16 are displaced further,' then the crosstalk
voltage U changes its sign, which can be utilized for
the previously described compensation, and is illustrated
in Fig. 7b. However, in the case of an RJ-45 plug
connector, there is a mixed relationship, that is to say
the contacts of a contact pair partly lie beside one
another and are partly nested in one another. It is
therefore necessary to provide a contact arrangement in
which all four contact pairs are decoupled from one
another at the same time. In the case of four contact
pairs there are six couplings between the contact pairs,
the intensity of these couplings being shown by the
thickness of the line in Fig. 8.

In the following text, .the design of a plug
connection compatible with known RJ-45 plug connections
will be gradually explained. As a first step, the cross-
talk is reduced as far as possible in general by means of
structural changes, in that the contacts in the socket
run in parallel only in the contact region towards the
plug and in the region of necessary guides. Furthermore,
the large contact surfaces in the plug are replaced by
small contacts. As a result of the partially nested
arrangement of the contact pairs, however, it is not
possible for a desired crosstalk attenuation of 50 dB at
300 MHz to be achieved for all cowmbinations, with the
result that the previously described compensation mea-
sures have to be applied. In addition to the identical
pin allocation and the same geometrical dimensions,
compatibility is also to be understood as upward compati-
bility of the socket according to the invention with an
RJ-45 plug according to the prior art, that is to say the
socket, in combination with the known plug, must satisfy
Category 5 (crosstalk attenuation > 40 dB at 100 MHz
transmission frequency). For this reason appropriately
large compensation between the contact pairs 13, 16; 14,
15 in the socket is necessary, in orxder that the high
crosstalk values of the plug can be .compensated for in
accordance with the prior art. This compensation is
greater than would be necessary for an RF plug according
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to the invention. By contrast, howevef, the compensati_on
should be as small as possible in order to achieve the
highest possible transmission frequencies given the
combination of RF plug and RF socket. These mutually
opposing regquirements require a compromise, in that the
compensation is selected to be smaller than would be
necessary for the crosstalk of the Category 5 plug. This
is also possible since only 40 dB at 100 MHz transmission
frequency are necessary for Category 5, and exact compen-
sation is not necessary.

One possible arrangement of the contact pairs 13,
16; 14, 15 for the socket is illustrated in Fig. 9, which
is essentially based on the principle according to
Fig. 3. Following the compensation region, the respec-
tively associated contacts 13, 16 and 14, 15 are led
together. The very large distance still produces only
very low crosstalk and can be included at the same ‘time
in the compensation when designing the socket. The
arrangement comprises compensation loops which are alter-
nately rotated to the right and to the left, Each indi-
vidual contact 13-16 is, as before, a two-dimensional
arrangement. Since the compensation is wvirtually inte-
grated into the contact region, the compensation is
physically very close to the location of the crosstalk
and results in a high limiting frequency.

In the contact region of the RF plug associated
with the socket, the contacts 13-16 are located in
parallel, as in the socket, and there amplify the cross-
talk which has already been generated in the contact
region of the socket. Plug and socket are then matched to
one another and produce a maximum of crosstalk attenu-
ation if the crosstalk of plug and socket is egqual in
terms of magnitude to the compensation which is generated
in the socket by the compensation loops. Because of the
relatively high required compensation in the socket, the
crosstalk in the RF plug must be artificially increased.
To this end, the contacts 13-16, as illustration in Fig.
10, are extended in parallel. In order to limit the
crosstalk in the plug precisely, following the compensa-
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tion region a shield is provided between the two contact
pairs 13, 16; 14, 15, which are arranged very close
alongside one another, said shield reaching as far as the
region of the cable connection.

As the next step, consideration must be given to
how the contact pair 11, 12 is to be arranged in the
socket and plug. What is particularly critical is the
crosstalk between the closely adjacent contacts 12 and
13. Deliberate compensation between the contact pairs 11,
12 and 13, 16 by means of a further suitable compensation
loop of the two contacts 11, 12 is not possible, since
this compensation loop would also result in undesired
coupling with the compensation loop of the contacts 14,
15. For this reason, the two contacts 12 and 13, as can
be seen in Fig. 11, are designed to be parallel but in
mutually opposite directions in the contact region, that
is to say the signal currents flow in opposite directions
from the contact region, by which means magnetic coupling
is largely suppressed. The remaining electrical coupling
is low, such that crosstalk attenuations > 50 dB at 3'00
MHz can be achieved. Since no compensation loop is
needed, the contact 11 is led parallel to the contact 12,
so that the provisional contact arrangement for the
socket according to Fig. 12 results. Following the
contact region, the contact pair 11, 12 is extended in a
decoupled position with respect to the contact pairs 13,
16; 14, 15. This achieyes good decoupling with respect to
the contact pair 13, 16. The shape of the contact 12 with
respect to contact 14 is unfavorable, since these are
once more arranged in the same direction as one another,
the crosstalk attenuation still being sufficiently good,
however, on account of the distance having been doubled.

The arrangement of the contact pair 11, 12 in the
plug is illustrated in Fig. 13. In oxder to keep the
crosstalk on the adjacent contacts 13-16 as low as
possible, the two contacts 11, 12 are led downwaxrd in the
opposite direction to the former.

For the arrangement of the contact pair 17, 18 it
is in particular the crosstalk between the contacts 17
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and 16 that is critical. Corresponding on the embodiments
relating to the ‘contact pair 11, 12, a compensation loop
in the socket also fails here, since this would result in
undesired crosstalk in the contact pair 14, 15. There-
fore, according to Fig. 14, compensation is initially
omitted and, in order to avoid the magnetic induction,
contact 17 is designed to be in the opposite direction
and parallel to contact 16 in the contact region.

Since compensation has been omitted, the contact
18 runs parallel with contact 17, so that the contact
arrangement illustrated in Fig. 15 results for the
socket, Following the contact region, the contact pair
17, 18 is extended in a position decoupled from the other
contact pairs. Since the compensation loops of the
contact pairs 13, 16 and 14, 15 produce lateral fields,
the two contacts 17, 18 are electrically and magnetically
influenced in this region. If the contacts are not
identical, this has the same effect as small compensation
ioops and produces corresponding crosstalk.

The complete contact pair arrangement for the
plug is illustrated in Fig. 16. In this case, the contact
17 is once more designed in the opposite direction to
contact 16, in order to achieve good decoupling. Since
measurements have shown that adequate crosstalk
attenuation between the contact pairs 17, 18 and 13, 16
is not achieved in the socket, appropriate compensation
in the plug is necessary. For this reason, contact 18
runs in the same direction as contact 16 and a little
parallel.

In order that the results achieved with respect
to the decoupling and compensation of the contacts are
maintained, the extension of the contacts toward the
connection region must be extended in an appropriately
decoupled manner. To this end, there is also, on the one
hand, the possibility of using sheet metal shields or, on
the other hand, guiding the contacts in a decoupled
position. Because of the different contact arrangement
between socket and plug, there are also different pre-
conditions for searching for a decoupled position.
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One possible arrangement of the contacts 11-18 in
the connection region of the socket is illustrated in
Fig. 17. Because of the large distance between the
contact pairs 13, 16 and 14, 15, their crosstalk is low
and negligible given a suitable design of the compen-
sation. The two outer contact pairs 11, 12 and 17, 18 are
arranged on a magnetic field line of the inner contact
pairs 13, 16 and 14, 15, which result in complete decoup-
ling. According to a specific calculation, for a contact
spacing a, b=2.915a and c¢=2.78a result for the required
decoupling.

In the case of the plug, a sheet metal shield is
arranged toward the connection region, the contact pair
13, 16 being arranged above and the remaining three other
contact pairs below the sheet metal shield. In order to

-ensure decoupling between the contact pairs underneath

the sheet metal shield, the contacts of one contact pair
are arranged offset with respect to one another, with the
result that the contact pairs are located on equivalent
equipotential lines of the other contact pairs, which is
illustrated in Fig. 18.
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Patent claims
1. Arrangement of at least two contact pairs,

characterized in that one or more contacts (1, 2 and 3,
4) of a contact pair (1, 2; 3, 4) are designed to be
angled away once or more than once from a contact region
(5), with the result that the contacts (1, 2 and 3, 4)
then run parallel once more and the distance between the
contacts (1, 3 and 2, 4) of different contact pairs is
designed such that crosstalk which is in antiphase with
the contact region (5) is produced in this region.

2. Arrangement according to claim 1, characterized
in that the contacts {1, 2 and 3, 4) of a contact pair
(1, 2; 3, 4) are arranged symmetrically beside one
another in the contact region (5), and the distance in
the compensation region between the contacts (1, 3 and 2,
4) of different contact pairs is smaller than the
distance between the contacts (1, 2 and 3, 4} of a
contact pair (1, 2; 3, 4).

3. Arrangement according to claim 1, characterized
in that the contacts (13, 16 and 14, 15) of a contact
pair {13, 16; 14, 15) are arranged nested in one another
symmetrically in the contact region (5), and in the
compensation region the planes covered between the
contacts (13, 16 and 14, 15} include an angle o < 90°.
4. Arrangement according to one of claims 1 to 3,
characterized in that the contacts (1, 2 and 3, 4) of
each contact pair (1, 2; 3, 4) are extended in opposite
directions from the contact region (5) and are then
designed such that they are angled away in the same
direction.

5. Arrangement according to one of claims 1 to 3,
characterized in that the contacts (1, 2 and 3, 4) of
each contact pair are designed to be equidirectional and
parallel in the contact region (5).

6. Arrangement according to one of claims 1 to 3,
characterized in that the contacts {1, 2 and 3, 4) of a

WAL
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contact pair (1, 2; 3, 4) are arranged to be parallel and
in mutually opposite directions in the contact region
{5).

7. Arrangement according to one of claims 1 to 6,
characterized in that the contacts (1, 2, 3, 4) are
designed such that they are at least partially flattened.
8. Arrangement according to one of the preceding
claims, characterized in that the contacts (1, 3 or 2,
4), following the equidirectional extension, are designed
such that they are angled away towaxrd the associated
contacts (2, 4 or 1, 3) of each contact pair (1, 2; 3,
4}, with the result that the smaller distance between the
contacts (2, 3) produces crosstalk which is in phase with
the contact région (5). ' '

9. Arrangement according to one of the preceding
claims, characterized in that, in oxder to limit the
compensation region (6, 7), the contacts (1, 2, 3, 4) are
extended in a decoupled position with respect to one
another or a shield is arranged between the contact pairs
(1, 2; 3, 4). '
10. Arrangement according to one of the preceding
claims for the socket of a plug connection having four
contact pairs, whose inner contact pairs are nested in
one another, characterized in that the associated
contacts (13, 16 and 14, 15} of the inner contact pairs
(13, 16; 14, 15) are arranged to be parallel and in
mutually opposite directions in the contact region (5)
and, following the contact region (5}, are led in loops
relative to one another.

11. Arrangement according to claim 10, characterized
in that the contacts (11, 12) of the first outer contact
pair (11, 12) are arranged continuously parallel to one
another, the contact (12) being led, in the contact
region (5), parallel and in the opposite direction to the
next adjacent contact (13) of the inner contact pairs
(13, 16; 14, 15).

12. Arrangement according to claim 11, characterized
in that the contacts (17, 18) of the second outer contact
pair (17, 18) are arranged continuously parallel to one

L



10

15

20

25

30

35

- 15 -~
another, the contact (17) being led in the contact region
(5}, parallel and in the opposite direction to the next
adjacent contact (16) of the inner contact pairs (13, 16;
14, 15).
13. Arrangement according to claim 12, characterized
in that the two outer contact pairs (11, 12; 17, 18) are
arranged, in the connection region, on a magnetic field
line of the inner contact pairs (13, 16; 14, 15).
14. Arrangement of contact pairs of a plug for a
socket according to one of claims 10 to 13, characterized
in that the contacts {15, 16 and 13, 14) are led out in
parallel over the contact region (5) and the contacts
(14, 15) of the one contact pair (14, 15) are then angled
away twice in such a way that the contact pairs (13, 16;
14, 15) are located in a position wvirtually decoupled
with respect to one another or are decoupled from one
another by means of a sheet metal shield (19) arranged
between the contact pairs (13, 16; 14, 15).
15. Arrangement according to claim 14, characterized
in that the contacts (11, 12) of the first outer contact
pair (11, 12) are designed to be continuously parallel to
one another, the contact (12) being arranged, in the
contact region (5), parallel and in the opposite direc-
tion to the next adjacent contact (14) of the inner
contact pairs (13, 16; 14, 15).
16. Arrangement according to claim 15, characterized
in that the .contacts (17, 18) of the second outer contact
pair (17, 18) are arranged, in the contact region (5),
parallel and in the opposite direction to one another,
and are then extended in the form of a compensation loop,
the contact (18) being arranged to be equidirectional to
the contact (16) in the contact region (5) and parallel
in the region of the compensation loop.
17, Arrangement according to claim 16, characterized
in that arranged in the connection region is a sheet
metal shield (19), above which the first inner contact
pair (13, 16) is arranged and below which the contact
pairs (11, 12; 14, 15; 17, 18) are arranged, the lower
contact pairs (11, 12; 14, 15; 17, 18} in each case being

A
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arranged on an equipotential surface of the other contact
pairs.
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