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MITIGATION OF CROSSTALK RESONANCES IN INTERCONNECTS

BACKGROUND

[0001] US patent application publication no. 2009/0221165A1 describes an electrical
connector that includes a first insulative housing that contains differential signal pairs, ground
contacts, and a non-shielding ground coupling assembly. The non-shielding ground coupling
assembly shifts a resonance frequency to a higher value as compared to a second electrical
connector that is virtually identical to the electrical connector except for the non-shielding

ground coupling assembly.

SUMMARY

[0002] In an electrical connector as disclosed herein, a non-grounded, non-shielding
electrically conductive material may be located adjacent to at least one differential signal pair
and capacitively coupled (but not physically attached) to at least one contact, such as a ground or
low frequency signal contact. Such a structure may effectively mitigate resonances in the
interconnection structure.

[0003] An example of such an electrical connector may include an arrangement of
signal contacts and ground contacts. A non-shielding, structure, such as a plate, may be disposed
adjacent to the signal contacts and to the ground contacts. Electrically insulative bulks of
material such as air or plastic may be disposed between the non-shielding, strip-like structure and
the ground or low frequency signal contacts. The non-shielding, strip-like structure makes no
physical electrical contact with the signal contacts or the groundllow-frequency signal contacts.

[0004] The non-shielding, structure may include a single plate, a pair of parallel plates,
or two pairs of parallel plates, which may form a ring structure. The non-shielding structure may

include a first plate adjacent to a first of the ground contacts, and a second plate adjacent to a
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first differential pair of the signal contacts. The non-shiclding, structure may include a third
plate extending between the first plate and the second plate.

[0005] A first distance between the first plate and the first ground contact may be
greater than a second distance between the second plate and the first differential pair of signal
contacts. A first of the electrically insulative bulks of material may be disposed between the first
plate and the first ground contact. Thus, a first capacitance may be provided between the first
plate and the first ground contact, while a second capacitance is provided between the second

plate and the first differential pair of signal contacts. The first capacitance may be different from

the second capacitance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGs. 1A and 1B depict an example structure with an ungrounded ground plate
that is electrically connected to a leadframe assembly of signal contacts and ground contacts.

[0007} FIG. 2 provides a reference structure for calculating parallel non-shielding
capacitance.

[0008] TFIGs. 3A and 3B are cross-sectional and top views of an example structure for
improving the signal performance of an electrical connector.

f0009] FIG. 4 depicts a leadframe assembly with a single non-shielding structure.

[0010] FIG. 5-8 depict leadframe assemblics with various parallel non-shielding
structures.

[0011] Fig. 9is a perspective view of an electrical connector including first and second
pluralities of leadframe housings;

[0012] Fig. 101is a perspective view of one of the first plurality of leadframe housings
illustrated in Fig. 9; and

[0013] Tig. 11 is a perspective view of one of the second plurality of leadframe housing

illustrated in Fig. 9.

DETAILED DESCRIPTION
[0014] FIGs. 1A and 1B depict an example leadframe assembly 77 for an electrical
connector. The leadframe assembly 77 may include a plurality of electrical contacts 46 arranged

as an open pinfield. For instance, the electrical contacts 46 can be arranged as a first plurality of
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electrical contacts 20 which can be configured as signal contacts, and a second plurality of
electrical contacts 30 which can be configured as ground contacts. The first and second
pluralities of electrical contacts 20 and 30 may be arranged in a column direction or in a row
direction. When each of the first plurality of electrical contacts 20 are signal contacts and each
of the second plurality of electrical contacts 30 are ground contacts (no signal frequency), the
electrical contacts 46 may be arranged in a signal-signal-ground configuration wherein adjacent
signal contacts may form differential signal pairs. In general, the leadframe assembly 77 may
include any number of first plurality of electrical contacts 20 and any number of second plurality
of electrical contacts 30. Alternatively, both the first and second pluralities of electrical contacts
20 and 30 can be configured as a mixture of high frequency signal contacts (between and
including about 2GHz to 20GHz, such as between and including about 2GHz to 10GHz, such as
between and including about 4.5GHz to 10GHz) and low frequency contacts (less than 2GHz,
such as approximately 0 Hz to 100 MHz and every frequency value in between 0 Hz and 2GHz,
including approximately 0 Hz to approximately 1 MHz), or alternatively configured as desired.
[0015] TFIG. 1A depicts an electrically ungrounded structure 10 disposed adjacent to at
least one of the differential signal pairs. The electrically ungrounded structure 10 may be non-
shielding and may be made of an electrically conductive material (such as, for example, a metal
- or a conductive absorbing material). U.S. patents 6,252,163, 5,334,955, and 4,003,840 disclose
ferrite materials that may be suitable for use in connection with the described electrical
connectors.. The disclosure of each of the foregoing U.S. patents is incorporated herein by
references in its entirety. In accordance with one embodiment, the ungrounded structure 10 is
conductive, that is, can establish an electrical flow path. For instance, the ungrounded structure
10 can be made from a conductive lossy material, such as carbon-impregnated plastic, and thus
can define an electrically conductive magnetic absorbing material. Alternatively, the
ungrounded structure 10 can be electrically conductive but non-magnetically absorbing, such as
metallic copper. Alternatively still, the ungrounded structure 10 can be magnetically absorbing
and electrically non-conductive. For instance, the electrically conductive material of the
ungrounded structure 10 can be a ferrite-infused plastic. It should be appreciated that while the
ferrite-infused plastic does not cause the ungrounded structure 10 to be electrically conductive,

that is establish an electrically conductive flow path for electrons, the ferrite infusion causes the
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ungrounded structure 10 to be made from a conductive material. Accordingly, as will now be
described, the ungrounded structure 10 can be capacitively coupled to at least one such as a
plurality of the electrical contacts 46, for instance at least one such as a plurality, up to all, of the
second plurality of electrical contacts 30. In accordance with the illustrated embodiment, the
ungrounded structure 10 can be configured as a non-shielding substantially planar plate 11,
though it should be appreciated that the ungrounded structure 10 can be alternatively configured
as desired.

[0016] It should be appreciated that when the ungrounded structure 10 is capacitively
coupled to the second plurality of electrical contacts 30 and the second plurality of electrical
contacts 30 define signal contacts, the electrical contacts 30 can transmit data at lower speeds
with respect to the first plurality of electrical contacts 20 while maintaining an acceptable level
- of cross-talk at or below six percent, multi-active, asynchronous at a 40 pico-second rise time.
For the purpose of illustration, the first plurality of electrical contacts 20 are described below as
configured as differential signal pairs of contacts 21 and the second plurality of electrical
contacts 30 are described below as configured as ground/low frequency signal contacts 23. Thus,
an electrical connector can include at least one signal contact 21, such as a high frequency signal
contact, and at least one ground or low frequency contact 23 adjacent the at least one signal
contact 21.

[0017] The ungrounded structure 10 may be located a distance away from, and not
make direct physical contact with, any of the signal contacts 21 or ground/low frequency signal
contacts 23. The ungrounded structure 10 may be electrically insulated from the signal contacts
2] and ground/low frequency signal contacts 23. Insucha strticture,. a first capacitance, Cg, may
be provided between a ground/low frequency signal contact 23 and the ungrounded structure 10,
and a second capacitance, Cs, may be provided between a signal contact 21 and the ungrounded
structure 10 (see FIG. 1B). Though the ungrounded structure 10 may be depicted herein as a
plate for ease of explanation, it should be understood that, in general, the non-grounded, non-
shielding electrically conductive material may assume any shape that enables the connector to

achieve a desired signal performance.
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[0018] Asshown in Fig. 3A, an electrical connector can be configured with an array of
contacts including signal contacts 21 and ground or low frequency signal contacts 23. The array
can include a first plurality of electrical contacts 20 comprising a differential rsignal pair of
adjacent signal contacts 21. Each of the first plurality of electrical contacts 20 has a pair of
opposed first broadsides and a pair of opposed first edges, the first broadsides each being wider
than the first edges. The differential signal pair 21, 21 is configured to carry high frequency
. signals of about 2 GHz to about 20 GHz, such as about 2 GHz to about 15 GHz, including about
2 GHz to about 10 GHz. A second plurality of electrical contacts 30 may include at least two
electrical contacts selected from a group of ground or low frequency signal contacts 23. Each of
the second plurality of electrical contacts 30 has a pair of opposed second broadsides and a pair
of opposed second edges, the second broadsides each being wider than the second edges. The
ground contacts 23 are configured to carry no signal frequency (power or ground) and the low
frequency signal contacts (also 23) are configured to carry signal frequencies of approximately
between and including about 0 Hz and about 100 MHz. The ungrounded structure 10 may be a
magnetic absorbing material that extends over the differential signal pair and the at least two
electrical contacts. _

10019] In accordance with one embodiment, the magnetic absorbing material does not
- physically touch the at least two electrical contacts 23, but is capacitively coupled to the two

electrical contacts 23. As defined herein, capacitively coupled means that the two electrical
contacts 23 are only electrically shorted together when high frequencies from the differential
signal pair migrate onto the two electrical contacts 23 and the high frequencies overcome the
first capacitive gap, and thus the first capacitance, between each of the two electrical contacts 23
and the magnetic absorbing material. Capacitance can be calculated as eA/d, where e=8.9 x 1072
- F/m, A= a broadside width of one of the two electrical contacts, and d = a distance between one
of the two electrical contacts and the ungrounded structure 10, such as an electrically conductive

magnetic absorbing material.

[0020] As shown in Fig. 1B, the second plurality of electrical contacts 30 may include at
least one ground or low frequency signal contact 23 that carries a low frequency signal. The first

plurality of electrical contacts 30 can include at least one differential signal pair of signal
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contacts 23 that carries high frequency signals. An ungrounded structure 10, such as a magnetic
absorbing material, may extend over the at least one ground or low frequency signal contact 23
and the at least one high frequency signal contact 21 without physically touching the at least one
ground or low frequency signal contact 23 or the at least one high frequency signal contact 21. A
first capacitive gap is defined between the the ungrounded structure 10 and the at least one low
frequency signal contact or ground contact 23, such that a first capacitance C, exists between the
ungrounded structure 10 and the at least one low frequency signal contact 23 such that the
ungrounded structure 10 is capacitively coupled to the at least one {or at least two) low frequency
signal contacts or ground contacts 23. The first capacitance C, is can be greater than, for
instance at least three times greater than, a second capacitance C; that exists between the
ungrounded structure 10 and the at least one high frequency signal contact 21. The first
capacitance C, can be about 180 pico-Farads per meter (or more). Without being bounded by
theory, a high frequency signal carried by the high frequency signal contact can undesirably
radiate or leak to, be received by, or otherwise be intercepted by an adjacent ground contact or
low frequency signal contact 23. The high frequency signal can then propagate along the ground
contact or low frequency signal contact, through the first capacitive gap, and thus the first
capacitance Cg, and be transferred to the ungrounded structure 10. However, the first
capacitance Cy is still large enough to-act as an electrical barrier to lower frequency signals. - This
allows the same electrical contact to be simultancously behave electrically as a ground contact
with respect to undesirable or stray high frequency signals and a signal contact for intentionally -
propagated low frequency signals. Moreover, at high frequencies, the ground contacts and the
low frequency signal contacts are electrically shorted together by the ungrounded structure even
though the ground/low frequency signal contacts are not OChm-metrically connected to one
another.

[0021] FIG. 2 provides a reference structure for calculating parallel plate capacitance C
(not shown). As shown, a first plate P1 may be disposed in parallel with a second plate P2. A
dielectric material M may be disposed between the plates P1, P2. Each plate P1, P2 may abut

the dielectric material M. Thus, the dielectric material M may fill the three-dimensional space

between the plates P1, P2.
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[0022] The dielectric material M may have a height, H, which is also the distance
between the plates P1, P2. The dielectric material M may have a width, W, which may also be
the width of each plate P1, P2. The diclectric material M may have a depth, D, which may also
be the depth of each plate P1, P2, Thus, the volume, V, of the dielectric material M between the
plates P1, P2 may be obtained by V = WDH. The parallel plate capacitance, C, between the
plates P1, P2 may be obtained by C = £ie WD/H, where &, is the well-known vacuum permitivity
constant, and g is the dielectric constant of the diclectric material M.

[0023] Thus, referring again to Fig. 1B, a desired capacitance C,;, between the
ungrounded structure 10 and the ground/low frequency signal contacts 23 may be provided by
providing respective volumes of a dielectric material between the ungrounded structure 10 and
the ground/low frequency signal contacts 23. Similarly, a desired capﬁcitance C;, between the
ungrounded structure 10 and the signal contacts 21 may be provided by providing respective
volumes of a dielectric material between the ungrounded structure 10 and the signal contacts 21.

[0024] Referring to FIGs. 3A and 3B, the ungrounded structure 10 can be configured as
an ungrounded plate 40 that may span across the signal contacts 21 and ground/low fréquency
signal contacts 23 of the leadframe assembly 77. Otherwise stated, the ungrounded plate 40 can
‘be angularly offset with respect to the underlying portion of the respective signal contacts 21 and
- ground/low frequency signal contacts 23. - The plate 40 can benon-shielding.  The ungrounded - -
plate 40 may be electrically ungrounded. The ungrounded plate 40 may be shaped to avoid
physical contact with the signal contacts 21. The ungrounded plate 40 may be physically
isolated from the ground/low frequency signal contacts 23 via bulks of electrically insulative
material 50, which may be plastic, for example. The bulks of electrically insulative material 50
may be disposed between the ungrounded plate 40 and the ground/low frequency contacts 23.
Thus, the ungrounded plate 40 may be located adjacent to at least one of the differential signal
pairs (or all of them) without making electrical contact with any of the signal contacts 21. At the
same time, the ungrounded plate 40 may be insulated from the adjacent ground/low frequency
signal contacts 23.

[0025] The ungrounded plate 40 may include a first plate 42 adjacent to a first of the
ground/low frequency signal contacts 23, and a second plate 44 adjacent to a first differential

pair of the signal contacts 21. The ungrounded plate 40 may include a third plate 46 extending
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between the first plate 42 and the second plate 44. The ungrounded plate 40 may include a
fourth plate 48 extending from the second plate 44.

[0026] A first distance, d,, between the first plate 42 and the adjacent ground/low
frequency signal coniact 23 may be greater than a second distance, dy, between the second plate
44 and the differential pair of signal contacts 21. An clectrically insulative bulk of material 50
may be disposed between the first plate 42 and the adjacent ground/low frequency signal contact
23. Thus, as described in detail above, a first capacitance, C,, may be provided between the first
plate 42 and the adjacent ground/low frequency signal contact 23, while a second capacitance,
Cs, is provided between the second plate 44 and the differential pair of signal contacts 21. The
first capacitance, Cg, may be numerically larger than the second capacitance, C;. As shown in
F1Gs. 3A and 3B, the ground/low frequency signal contacts 23 may be wider than the signal
contacts 21 (as measure in a direction along the column).

[0027] TFIG. 4 depicts a leadframe assembly with a single ungrounded structure 10
configured as a substantially planar plate. As shown in FIG. 4, the ungrounded structure 10 may
be an clectrically conductive material disposed adjacent to one or more signal contacts 21 and to
one or more ground/low frequency signal contacts 23. The electrically conductive material may

be formed as a single plate P1 that has two parallel short sides and two parallel elongated sides.

- As described-in-detail above, the distance between the plate P1-and the ground/low frequency — - - = = -

signal contacts 23, as well as the dielectric material (not shown in FIG. 4) between the plate P1
and the ground/low frequency signal contacts 23, may be selected to provide a capacitance C,
between the plate P1 and the ground/low frequency signal contacts 23.

[0028] FIG. 5-8 depict leadframe assemblics 8, 8A with various parallel ungrounded
~ structures 10, 10. Such ungrounded structures 10, 10 may have twice the capacitance of a single
ungrounded structure 10. This may be valuable if capacitive coupling between the ground/low
frequency signal contact 23 and the ungrounded structure 10 is too small for good operation of
the connector. Also, a ring structure may have higher coupling to ground/low frequency signal
contacts 23 at the edges of the ring if the electrical contact at the edge of the ungrounded
structare 10, 10 is a ground/low frequency signal contact.

[0029]  As shown in FIG. 5, the ungrounded struciure 10 may be an electrically

conductive material disposed adjacent to one or more signal contacts 21 and to one or more
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ground/low frequency signal contacts 23. The electrically conductive material may be formed as
a pair of parallel, non-shielding plates P1, P2. As described in detail above, the distance between
the plate P1 and the ground/low frequency signal contacts 23, as well as the dielectric material
(not shown in FIG. 5) between the plate P1 and the ground/low frequency signal contacts 23,
may be selected to provide a capacitance C, between the plate P1 and the ground/low frequency
signal contacts 23. Similarly, the distance between the plate P2 and the ground/low frequency
signal contacts 23, as well as the dielectric material (not shown in FIG. 5) between the plate P2
and the ground/low frequency signal contacts 23, may be selected to provide a capacitance C,
between the plate P2 and the ground/low frequency signal contacts 23.

[0030] As shown in FIGs. 6-8, the ungrourided structure 10 may be an electrically
conductive material disposed adjacent to one or more signal contacts 21 and to one or more
- ground/low frequency signal contacts 23. The electrically conductive material may be formed as
two pairs of parallel, non-shielding plates P1, P2 and P3, P4. The plates P1-P4 may be disposed
to form a ring of parallel plates that circumscribes an array of the first and second pluralities of
contacts.

[0031] With regard to FIG. 6, and as described in detail above, the distance between the
plate P1 and the ground/low frequency signal contacts 23, as well as the dielectric material (not
shown in FIG. 6)-between the plate P1 and the ground/low frequency signal contacts 23, may be-
selected to provide a capacitance Cg between the plate P1 and the ground/low frequency signal
contacts 23. Similarly, the distance between the plate P2 and the ground/low frequency signal
contacts 23, as well as the dielectric material (not shown in FIG. 6) between the plate P2 and the
ground/low frequency signal contacts 23, may be selected to provide a capacitance C, between
the plate P2 and the ground/low frequency signal contacts 23.

[0032] With regard to FIG. 7, and as described in detail above, the distance between the
plate P1 and the ground/low frequency signal contacts 23, as well as the dielectric material (not
shown in FIG. 7) between the plate P1 and the ground/low frequency signal contacts 23, may be
selected to provide a capacitance Cy between the plate P1 and the ground/low frequency signal
contacts 23. Similarly, the distance between the plate P2 and the ground/low frequency signal

contacts 23, as well as the dielectric material (not shown in FIG. 7) between the plate P2 and the
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ground/low frequency signal contacts 23, may be selected to provide a capacitance Cy; between
the plate P2 and the ground/low frequency signal contacts 23.

10033] The distance between the plate P3 and a first of the outer ground/low frequency
signal contacts 23, as well as the dielectric material (not shown in FIG. 7) between the plate P3
and the first outer ground/low frequency signal contact 23, may be selected to provide a
capacitance Cg between the plate P3 and the first outer ground/low frequency signal contact 23.
Similarly, the distance between the plate P4 and a second of the outer ground/low frequency
signal contacts 23, as well as the dielectric material (not shown in FIG. 7) between the platc P4
and the second outer ground/low frequency signal contact 23, may be selected to provide a
capacitance Cg between the plate P4 and the second outer ground/low frequency signal contact
23.

[0034] With regard to FIG. 8, and as described in detail above, the distance between the
plate Pt and the ground/low frequency signal contacts 23, as well as the dielectric material (not
shown in FIG. 8) between the plate P1 and the ground/low frequency signal contacts 23, may be
selected to provide a capacitance Cq; between the plate P1 and the ground/low frequency signal
contacts 23. Similarly, the distance between the plate P2 and the ground/low frequency signal
contacts 23, as well as the dielectric material (not shown in FIG. 8) between the plate P2 and the
ground/low frequency signal contacts 23, may be selected to provide a capacitance Cy; between -
the plate P2 and the ground/low frequency signal contacts 23.

- [0035] - The distance between the plate P3 and the outer ground/low frequency signal
contact 23, as well as the dielectric material (not shown in FIG. 7) between the plate P3 and the
first outer ground/low frequency signal contact 23, may be selected to provide a capacitance Cyp
between the plate P3 and the first outer ground/low frequency signal contact 23. As shown in
FIG. 8, there is no outer ground contact adjacent to the plate P4.

- [0036] Referring now to Figs. 9-11, an electrical connector such as a right angle
connector 74 can include a dielectric or electrically insulative connector housing 75 that supports
plurality of leadframe assemblies 77, which can include alternatingly arranged first leadframe
assemblies 76 that each define a first pattern of electrical contacts 46 and second leadframe
assemblies 78 that each define a second pattern of electrical contacts 46. Thus, it can be said that

the connector housing 75 supports the plurality of electrical contacts 46 of the leadframe
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assemblies 77. It should be appreciated that the electrical connector 74 can be configured as
desired so as to support a plurality of electrical contacts 46 that are configured to place a first
electrical component in electrical communication with a second electrical component. The
electrical contacts 46 define respective mating ends 83 and opposed mounting ends 85

[0037] In accordance with one embodiment, the electrical contacts 46 can define an
open pin field or may be assigned signal contacts and ground contacts so as to define a repeating
signal-signal-ground (S-S-G) pattern along the column direction in the respective leadframe
assemblies 77. The contact pattern of a given leadframe assembly 77 can be offset with respect
to the contact pattern of an adjacent leadframe assembly 77. For instance, each of the first
plurality leadframe assemblies 76 can define a repeating S-S-G pattern along the column
direction from one end of the column to the other. Each of the second plurality of leadframe
assemblies 78 can define a repeating G-S-S pattern along the same column direction from the
same one end of the column to the other. It should be appreciated that the electrical contacts 48
of each leadframe assembly 44 can be provided in any pattern as desired, to include low
frequency signal contacts in place of one or more ground contacts 23, and the electrical contact
patterns of adjacent leadframe assemblies 44 can be offset or aligned with each other as desired.
Alternatively, the leadframe assemblies 76 and 78 can define identical patterns of electrical
contacts 46. Each leadframe assembly 57 includes a diclectric or electrically insulative
leadframe housing 49 that supports the electrical contacts 46. For instance, the leadframe
housing 49 can be overmolded onto the ¢lectrical contacts 46, the electrical contacts 46 can be
stitched into the leadframe housing 49, or the leadframe housing 49 can alternatively support the
electrical contacts 46 in any manner as desired. The leadframe housings 48 can be made of any
suitable material, such as plastic P.

[0038] The right angle electrical connector 74 is shown as right angle receptacle
connector, but right angle electrical connector 74 may also be a right angle header connector.
The electrical contacts 46 can define at least one broadside 54a, a second broadside 54b opposite

“the at least one broadside 54a, and two opposed edges 56a and 56b that are shorter than the
broadsides 54a and 54b as described above. The right angle electrical connector 74 also defines
a mating interface. 100 and a mounting interface 200 that is oriented substantially perpendicular

to the mating interface 100. Alternatively, the mating interface 100 and the mounting interface
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can be oriented substantially parallel to each other, such that the electrical connector 75 can be
configured as a vertical or mezzanine electrical connector.
[0039] Two adjacent signal contacts 21a and 21b of the plurality of electrical contacts

46 may define a differential signal pair, such as an edge coupled differential signal pair. A.
ground/low frequency signal contact 23 may be disposed adjacent to the edge coupled
differential signal pair, and thus can be disposed between a pair of adjacent differential signal
pairs. The leadframe assembly 76 can include a rib 84 that extends along at least a portion of the
length (for instance fifty percent or more of the total length between the mating end 83 and-
mounting end 85) of the physically shorter signal contact 21a of the signal contacts 21a and 21b.
Accordingly, in this embodiment, without being bound by theory, it is believed that the rib 84
causes electrical signals to travel more slowly through the physically shorter signal contact 21a
as opposed to the physically longer signal contact 21b, thereby increasing the effective electrical
length of the physically shorter signal contact 21a between the mating end 83 and the opposed
mounting end 85, and adjusting for inter-pair skew. The rib-84 may constructed from a dielectric
plastic such as a liquid crystal polymer, electrically non-conductive magnet absorbing material,
or other suitable material. In accordance with one embodiment, the rib 84 has a dielectric
constant greater than that of air. The rib 84 may also be constructed from an electrically
- conductive magnetic absorbing material that is electrically insulated from-other signal-or ground
contacts by insulative plastic P. Each rib 84 may each have a first width W1 that is less than,
equal to, or greater than second width W2 of a broadside surface 54A, 54B of one of the plurality
- of electrical contacts 46. ' '

- [0040} The first right angle leadframe assembly 76 is shown in Fig. 12 and the second
right angle leadframe assembly 78 is shown in Fig 13. At least one or both of the first right
- angle leadframe assemblies 76 and the second right angle leadframe assemblies 78 may include a
ungrounded plate 40 of the type described above that spans across one or more the signal
contacts 21 and one or more of the ground/low frequency signal contacts 23. The ungrounded
plate 40 can be shaped to avoid physical contact with the signal contacts 21, and further shaped
to avoid direct physical contact with the ground/low frequency signal contacts 23. The
ungrounded plate 40 can be supported by the leadframe housing 49, for instance proximate to

and substantially parallel with the mating interface' 100. The ungrounded plate 40 can include
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first and second segments 40a and 40b that are jogged with respect to each other, and thus define
different distances with respect to the mating interface 100. The ungrounded plate 40 may be
clectrically insulated from the ground/low frequency signal contacts 23 via bulks of electrically
insulative material 50, which may be plastic, for example (see, e.g., Fig. 3A). The bulks of
electrically insulative material 50 may be disposed between the ungrounded plate 40 and the

. ground/low frequency signal contacts 23. Thus, the ungrounded plate 40 may be located
adjacent to at least one of the differential signal pairs (or all of them) without making clectrical
contact with any of the signal contacts 21. At the same time, the ungrounded plate 40 may be
insulated from the adjacent ground/low frequency signal contacts 23. While:the ungrounded
plate 40 can be spaced farther from the signal contacts 21 than the ground/low frequency signal
contacts 23 as described above, the ungrounded plate 40 can alternatively be spaced the same
distance from the signal contacts 21 and the ground/low frequency signal contacts 23.

[0041] In accordance with one embodiment, the ungrounded plate 40 can be
conductive, that is, can establish an electrical flow path. For instance ungrounded plate 40 can
be made from a conductive lossy material, such as carbon-impregnated plastic, and thus can
define an electrically conductive magnetic absorbing material. Alternatively, the ungrounded

plate 40 can be conductive but non-magnetically absorbing, such as metallic. Alternatively still,

~--the ungrounded plate 40 can be-magnetically absorbing and non-conductive. -Forinstance, the- - -~ -

electrically conductive material of the ungrounded plate 40 can be a ferrite-infused plastic. It
should be appreciated that while the ferrite-infused plastic does not cause the ungrounded plate
40 to be electrically conductive, that is establish an electrically conductive flow path, the ferrite
infusion causes the ungrounded plate 40 to be made from a conductive material. Accordingly,
whether the ungrounded plate 40 is conductive or non-conductive, the ungrounded plate 40 can
be capacitively coupled to the ground/low frequency signal contacts 23. Tt should be
appreciated, as described above, that the second plurality of electrical contacts 30 can be
“configured as signal contacts, in which case the ungrounded plate 40 can be capacitively coupled
to signal contacts (see Fig. 3A).
[0042] Tt should be understood that the embodiments depicted herein are merely
examples provided for illustrative purpbses. Other embodiments are coﬁtemplated. For

example, the ungrounded ground structure may be formed such that the respective capacitances
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between the‘ ungrounded structure are different from one another, either by altering the respective
distances between the ungrounded non-shielding structure and the respective ground or low
frequency signal contacts or the high frequency signal contact, by disposing different dielectric
materials between the ungrounded non-shielding structure and the respective ground or low
frequency signal or the high frequency signal contacts, by disposing different volumes dielectric
materials between the ungrounded non-shielding structure and the respective ground or low
frequency signal or high frequency signal contacts, or by any combination of the foregoing.
Similarly, the ungrounded non-shielding structure may be formed such that the respective
capacitances between the ungrounded non-shielding structure and the several signal contacts are
different from one another, for example, by altering the respective distances between the

ungrounded non-shielding structure and the respective signal contacts.
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What is claimed:;

1. An electrical connector, comprising:
-a connector housing supporting a first plurality of electrical contacts and a second

plurality of electrical contacts;

an ungrounded structure that extends over at least two of the first plurality of electrical
contacts and at least two of the second plurality of electrical contacts,

wherein the ungrounded structure makes no physical contact with the first and second
pluralities of electrical contacts, second broadsides of the second plurality of electrical contacts
are spaced a first distance from the ungrounded structure, first broadsides of the first plurality of
electrical contacts are spaced a second distance from the ungrounded structure, and the first

distance is Iess than the second distance..

2. The electrical connector as recited in claim 1, wherein each of the first plurality of
electrical contacts comprises signal contacts, and each of the second plurality of electrical

contacts comprises ground contacts or low frequency signal contacts.

3. The electrical connector of claim 2, wherein the signal contacts define at least one

differential signal pair.

4. The electrical connector of claim 1, wherein the ungrounded structure comprises a pair of

parallel plates.

5. The electrical connector of claim 4, wherein the ungrounded structure comprises a two

pairs of parallel plates.

6. The electrical connector of clatm 5, wherein the ungrounded structure comprises a ring of

parallel plates.
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7. The electrical connector of claim 2, wherein the ungrounded structure comprises a first

plate adjacent to a first of the ground contacts, and a second plate adjacent to a first differential

pair of the signal contacts.

8. The electrical connector of claim 7, wherein the ungrounded structure comprises a third

plate extending between the first plate and the second plate.

5. The electrical connector of claim 1, wherein the ungrounded structure is an electrically

conductive, magnetic absorbing material..

10.  The electrical connector of claim 1, wherein the at least two of the second plurality of

electrical contacts are capacitively coupled to the ungrounded structure..

11.  The electrical connector of claim3, wherein a first capacitance is provided between one of
the at least two second plurality of electrical contacts and the ungrounded structure and a second

capacitance is provided between the differential signal pair and the ungrounded structure. .

12.  Anelectrical connector, comprising:

a differential signal pair that carries high frequency signals of about 2 GHz to about 20
GHz;

at least two electrical contacts each selected from the group comprising ground contacts
that do not carry a signal and low frequency signal contacts that carry a low frequency signal;

and

an ungrounded structure that extends over the differential signal pair and the at least two
electrical contacts without physically touching the differential signal pair and without touching

the at least two electrical contacts,

wherein portions of the high frequency signals that undesireably radiate from the
differential signal pair are received by an adjacent one of the at least two electrical contacts, the

undesirably radiated high frequency signals pass through a first capacitive gap defined between
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one of the two electrical contacts and the ungrounded structure, and the undesirably radiated high

frequency signals are transferred to the ungrounded structure.

13.  The electrical connector of claim 12, wherein the low frequency signal is 0 Hz to 100

MHz and the low frequency signal does not _p-ass through the first capacitive gap. .

14.  The electrical connector of claim 12, wherein the ungrounded structure is an electrically

conductive, magnetic absorbing material.

15. The electrical connector of ¢claim 12, wherein the at least two electrical contacts are
electrically shorted together when the when the high frequency signal is about 2 GHz to about 10
GHz..

.16, The electrical connector of claim 15, wherein the low frequency signal is 0 Hz to 100

MHz and the low frequency signal does not pass through the first capacitance.
17.  An electrical connector, comprising:
an array of electrical contacts comprising:

a first plurality of electrical contacts comprising a differential signal pair that is

configured to carry high frequency signals between and inctuding about 2 to about 20 GHz; and

a second plurality of electrical contacts comprising at least two electrical contacts
selected from the group comprising at least one of ground contacts and low frequency signal
contacts, wherein the at least one of ground contacts are configured to carry no signal frequency
and the low frequency signal contacts are configured to carry frequencies of approximately 0 Hz

to 100 MHz; and

a magnetic-absorbing material that extends over the differential signal pair and the at least

two electrical contacts,
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wherein the magnetic absorbing material does not physically touch the at least two
electrical contacts but is capacitively coupled to the two electrical contacts so as to define a first
capacitance between each of the two electrical contacts and the magnetic absorbing material,
wherein the at least two electrical contacts are shorted together when the frequency of the high

frequency signals overcomes the first capacitance.

18.  The electrical connector of claim 17, wherein the magnetic absorbing material is

electrically conductive.

19.  An electrical connector, comprising:

a connector housing supporting a first plurality of electrical contacts and a second

plurality of electrical contacts;

a non-shielding ungrounded structure that extends over at least two of the first plurality of
electrical contacts and at least two of the second plurality of electrical contacts,

wherein the ungrounded structure makes no physical contact with the first and second

pluralities of electrical contacts.
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