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RESONANCE MODIFYING CONNECTOR

BACKGROUND OF THE INVENTION

[0001] This application claims priority to U.S. Provisional Serial Application No.
61/114, 897, filed November 14, 2008, which is incorporated herein by reference in its

entirety.

[0002] The present invention generally relates to connectors suitable for high-speed

communication.

[0003] While a number of different configurations exist for high-speed connectors,
one common configuration is to align a number of terminals in a row so that each
terminal is parallel to the adjacent terminal. It is also common for such terminals to be
closely spaced together, such as at a 0.8 mm pitch. Thus, high-speed connectors tend to

include a number of tightly spaced and similarly aligned terminals.

[0004] High-speed communication channels tend to use one of two methods,
differential signals or single-ended signals. In general, differential signals have a greater
resistance to interference and therefore tend to be more useful at higher frequencies.
Therefore, high-speed connectors (e.g., high-frequency capable connectors) such as the
small form factor pluggable (SFP) style connector tend to use a differential signal
configuration. One issue that has begun to be noticed with increased importance is that
as the frequency of the signals increases (so as to increase the effective data
communication speeds), the electrical and physical length of the connector becomes more
of a factor. In particular, the electrical length of the terminals in the connector may be
such that a resonance condition can occur within the connector because the effective
electrical length of the terminals and the wavelengths contained in the signaling become
comparable. Thus, even connectors systems configured to use differential signal pairs
begin to have problems as the frequency increases. Consequentially, the potential
resonance condition in existing connectors tends to make them difficult or unsuitable for

use in higher speed applications. Accordingly, improvements in the function, design and
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construction of a high-speed connector assembly would be appreciated by certain

individuals.

SUMMARY OF THE INVENTION

[0005] A connector includes a plurality of ground and signal terminals, creating a
complex transmission structure. The resultant resonant frequency of two ground
terminals may be modified by coupling the two ground terminals together with a bridge
so as to provide predetermined maximum electrical length associated with a particular
resonance frequency. In an embodiment, two ground terminals may be coupled together
via a bridge that extends transversely to a differential signal pair of terminals where the
differential signal pair is positioned between the two ground terminals. In an
embodiment an air gap may exist between the bridge and the differential signal pair. In
an embodiment, a bridge may be used to couple two or more ground terminals. In an
embodiment, a unified set of two or more ground terminals may be configured so as to
provide an integrated set of terminals coupled together so as to provide a desired

maximum electrical length.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is an axonometric view of an embodiment of a connector assembly

with ground clips;
[0007] FIG. 2 is a top plan view of the connector assembly of FIG. 1;

[0008] FIG. 2A is a plan view of the connector assembly of FIG. 1 taken along the
line 2A-2A of FIG. 1;

[0009] FIG. 3A is a side view of the connector of FIG. 1;

[0010] FIG. 3B is a partial axonometric view of the connector in FIG. 3A that

illustrates terminals mounted on the printed circuit board;

[0011] FIG. 4 is a front view of the connector assembly of FIG. 1;
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[0012] FIG. 5 is a longitudinally cut-away axonometric view of the connector

assembly of FIG. 1;

[0013] FIG. 5A is a longitudinally cross-sectioned view of the connector assembly of

FIG. 1;
[0014] FIG. 6 is an axonometric view of an embodiment of a ground clip;

[0015] FIG. 7 is an axonometric view of another embodiment of a connector

assembly with ground clips;
[0016] FIG. 8 is front view of another embodiment of a connector with a ground clip;

[0017] FIG. 9A is an axonometric view of an embodiment of an integral ground

terminals and ground clip unit;

[0018] FIG. 9B is an axonometric view of another embodiment of a bridge coupled to

two ground terminals.

[0019] FIG. 10A is an axonometric view of an embodiment of ground terminals

bridged together and surrounding a signal pair; and

[0020] FIG. 10B is a cross sectional view of the terminals of FIG. 10A, taken along
the line 10b-10b.

[0021] FIG. 11 is a perspective view of an embodiment of a connector with terminal

insert.
[0022] FIG. 12 is a perspective view of an embodiment of a terminal insert.

[0023] FIG 13 is a perspective view of an embodiment of terminals that may be used

in a terminal 1nsert.
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0024] As required, detailed embodiments are disclosed herein; however, it is to be
understood that the disclosed embodiments are merely exemplary and the depicted
features may be embodied in various forms. Therefore, specific details disclosed herein
are not to be interpreted as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to variously employ the disclosed
features in virtually any appropriate manner, including employing various features

disclosed herein in combinations that might not be explicitly described.

[0025] Small form pluggable (SFP) style connectors are often used in systems where
an input/output (I/O) data communication channel is desired. It should be noted that used
herein, the phrase SFP style connector refers generically to connector that can similar
functionality to what is provided by a SFP standard based connector, however it is not so
limited but instead refers to the general construction and thus includes QSFP, XSP SFP+
and other variations. An actual SFP connector has two high-speed data paths, each
formed by a different differential signal pair, and also includes a number of other
terminals that may be used for other purposes other than high-speed data communication.
Other connectors use a similar form factor and may have a similar design but may be
configured to provide some other number of high-speed signal pairs. Consequentially,
the details discussed herein, which based on an embodiment of a connector suitable for
use as the SFP-style connector, are not so limited but instead are also broadly applicable
to other connector configurations as well. Thus, features of the disclosure may be used
for vertical and angled connectors as well as the depicted horizontal connector. In other
words, other terminal and housing configurations, unless otherwise noted, may also be

used.

[0026] Adjacent terminals, when used to form a high-speed differential pair,
electrically couple together to form what can be called a first, or intentional, mode. This
mode is used to transmit signals along the terminals that make up the differential pair.
However, if other signal terminals are also nearby this differential signal pair, it is

possible that one (or both) of the terminals in the differential pair may also electrically
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couple to one or more of the other terminals (thus forming additional, sometimes
unintentional, modes). These additional modes are undesirable or at least less desirable,
as they can introduce cross-talk that acts as noise relative to the first mode. To prevent

such cross-talk, therefore, it is known to shield the differential pair from other signals.

[0027] Therefore, because of the above-noted tendency to have the terminals located
relatively close to each other, differential signal pairs are often separated by a ground
terminal or a shield. For example, a ground-signal-signal-ground pattern may be used
and this results in a differential signal pair being surrounded by a ground on each side
when the pattern is aligned in a row. One issue that does arise because of the shielding
ground terminals is that another mode is caused by the coupling between the ground
terminal and the signal pair terminals. In addition, the difference in voltage between two
different grounds can also cause the grounds to couple together as transient signals pass
through the connector. These various coupling create additional modes (and resultant
electromagnetic fields) and introduce noise that must be distinguished from the first mode

if the communication system is going to work effectively.

[0028] The additional modes generally are not a problem in low frequency data
transmission rates as they tend to be limited in power compared to the first mode and thus
do not cause a serious noise issue, assuming the connector is otherwise properly
designed. However, as the frequency of data transmission increases, the wavelength
associated with the harmonic content of the signal decreases, bringing the wavelength of
the signal closer to the electrical length of the terminal. Therefore, at these higher
frequencies, it is possible that the transmission frequency will be high enough and the
wavelength short enough to create resonance in the connector that occurs within the
relevant operational frequency range. Such resonance can amplify the secondary modes
sufficiently to raise the noise level as compared to the signal level so that it becomes

difficult to distinguish between the signal and the noise at the higher frequencies.

[0029] One way to address the noise issue is to raise the level of the signal. Doing
s0, however, takes power and creates additional strain on the rest of the system.

Furthermore, the increased power may create greater levels of resonance. Therefore, a
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connector that can minimize resonance in the relevant frequency range of signaling can
provide certain advantages. It has been determined that decreasing the effective electrical
length of the ground terminals, which effectively decreases the length between ground
discontinuities, can provide significant benefits in this regard. In particular, decreasing
the electrical length of the terminal so that it is not more than one half the electrical
length associated with a particular frequency (e.g., the electrical length between
discontinuities is about one half the electrical length associated with a wavelength at the
3/2 Nyquist frequency) has been determined to significantly improve connector
performance. It should be noted however, that in certain embodiments the actual
electrical length of the terminal is not the effective electrical length of the connector
because there is an additional distance traveled outside the connector before a
discontinuity is encountered. Therefore, a connector with an actual electrical length of
about 40 picoseconds might, in operation provide an effective electrical length of about
50 picoseconds. As can be appreciated, this difference can be significant at higher
frequencies as a difference of 10 picoseconds in electrical length could result in a
connector suitable for about 20 Gbps performance versus one suitable for about 30 Gbps

performance.

[0030] As it is often not practicable to shorten the entire connector, the resonance
problem has proven difficult to solve in a manner that is economical. To address this
problem, however, it has been determined that a bridge can be used to connect multiple
ground terminals so as to provide terminals with a maximum electrical length. The
commoning of the grounds act to shorten the electrical length between discontinuities and
raises the resonant frequency, thus allowing increased frequencies to be transmitted over
the connector without encountering resonance within the operating range of the signal
connector. For example, placing a ground clip so that it couples two terminals together at
their physical mid-point can cut the electrical length of the connector approximately in
half and therefore raises the resonant frequency by doubling it. In practice, a bridge has a
physical dimension as it extends between the two ground terminals, placing a bridge at
the physical midpoint may not cut the electrical length exactly in half but the reduction
can be relative close to half the original electrical length. It has been determined that a

SFP-style connector with an effective electrical length of about 50 picoseconds can



WO 2010/056935 PCT/US2009/064300

include a bridge placed so as to provide terminals portions with electrical lengths of less
than about 38 picoseconds extending from both sides the bridge. Such an electrical
length is suitable to allow signals at more than about 8.5 GHz to pass through the
connector without creating problematic resonance conditions. This translates to a
connector that potentially allows data rates, when using a non-return to zero (NRZ)
signaling method, of about 17 Gbps. Careful placement of the bridge may allow the
electrical length to be cut approximately in half, thus a connector with an original
electrical length of about 50 picoseconds can be configured so that the portions have
electrical lengths of about 26 picoseconds (and thus may be suitable for 25 Gbps
performance). As can be appreciated, for a terminal with a shorter effective electrical
length (such as one that is originally about 40 picoseconds in effective electrical length) a
bridge can be readily placed so that the electrical length of the terminal on either side of
the bridge is below a lower predetermined maximum electrical length (such as, but not
limited to about 26 picoseconds). Such an effective electrical length will increase the
resonant frequency of the ground-to-ground mode to above about 19-20 GHz, such that
using a NRZ signaling method, a data rate of about 25 Gbps is potentially achievable. As
can be appreciated, therefore, a shorter original electrical length may allow for
subsequently shorter electrical lengths when a bridge is utilized. The desired maximum
electrical length will vary depending on the application and the frequencies being

transmitted.

[0031] In one embodiment, the connector can be configured so as to reduce the
maximum electrical length so as to shift the resonant frequency sufficiently, thereby
providing a substantially resonance free connector up to the Nyquist frequency, which is
one half the sampling frequency of a discrete signal processing system. For example, in a
10 Gbps system using NRZ signaling, the Nyquist frequency is about 5 GHz. In another
embodiment, the maximum electrical length may be configured based on three halves
(3/2) the Nyquist frequency, which for a 10 Gbps system is about 7.5 GHz, for a 17 Gbps
system is about 13 GHz and for a 25 Gbps system is about 19 GHz. If the maximum
electrical length is such that the resonance frequency is shifted out of the 3/2 Nyquist
frequency range, a substantial portion of the power transmitted, potentially more than 90

percent, will below the resonant frequency and thus most of the transmitted power will
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not cause a resonance condition that might otherwise increase the noise. The remainder
of the transmitted power may contribute to background noise but for many applications
the transmission media absorbs much of the power and the receiver may filter out the
higher frequencies, thus the resultant, relatively modest, residual background noise is not
expected to negatively impact the signal to noise ratio to such a degree that operation will

be seriously impacted.

[0032] It should be noted that the actual frequency rate and ranges of probable
electrical lengths for shorting purposes vary depending upon materials used in the
connector, as well as the type of signaling method used. The examples given above are
for the NRZ method, which is a commonly used high-speed signaling method. As can be
appreciated, however, in other embodiments two or more ground terminals may be
coupled together with a bridge at a predetermined maximum electrical length so that the
connector is effective in shifting the resonance frequency for some other desired
signaling method. In addition, as is known, electrical length is based on the inductance
and capacitance of the transmission line in addition to the physical length and will vary
depending on geometry of the terminals and materials used to form the connector, thus
similar connectors with the same basic exterior dimensions may not have the same
electrical length due to construction differences. Therefore, testing a connector is

typically the simplest method of determining the electrical length of the terminals.

[0033] FIG. 1 illustrates one embodiment of a connector assembly generally
designated 30. The connector assembly 30 includes a housing 40 with a bottom wall 41,
a plurality of ground members 50 (ground members being an example of a bridge), a
plurality of ground terminals 60, a plurality of high-speed signal terminals 70, a plurality
of functional terminals 80 in a first row and offset terminals 90 in a second row. The
functional and offset terminals may be used, without limitation, to transmit low speed
signals and/or power and the like, as desired. The housing 40 can be made of any
desirable material, such as, but without limitation, a high temperature polymer. The
terminals can be made of any desirable conductive material, such as a copper alloy and
may be coated in a desirable manner so as to provide the desired corrosion and wear

properties. Similarly, the bridge, if distinct from the terminals, can be a desirable
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composition, such as a copper alloy with an appropriate plating. As can be appreciated,
the terminals in a particular row may all have the same design but such uniformity is not
required. The term “bridge” as used herein is used to describe a conductive structure that
joins two ground terminals together and it may also be referred to as a clip, a shorting

bar, a bus bar or any other communing structure.

[0034] As depicted, the connector assembly 30 includes a receptor slot 43 (FIG. 5A)
that includes a first wall 43a and a second wall 43b into which portions of the terminals
protrude in order to effect mating engagement with another mating component, not
shown, but typically an edge or circuit card of an opposing, mating connector. It should
be noted that while not required, the depicted embodiment of FIG. 5A has the bridge 50
positioned so that it is substantially positioned within the region defined by the first wall
43a and the second wall 43b. As can be appreciated, for an SFP style connector, such
positioning helps control the electrical length between the bridge 50 and an end 61 of the
ground terminal 60 so as to reduce the effective electrical length, potentially below about
26 picoseconds. Furthermore, as depicted the bridge 50 is positioned so as to be adjacent
an open section of the housing 40 (e.g., the terminals are exposed as the back of the
housing 40 is open). Thus, in an embodiment the bridge 50 extends transversely past the
high-speed signal terminals 70 with only air separating the bridge 50 from the high-speed
signal terminals 70. It should also be noted that as depicted, although not required, the
bridge 50 extends outside of an edge 40a of the housing 40. While this causes a slight
increase in the size of the profile of the housing, which is generally undesirable, the
performance improvements possible with such a design can make such a modification

beneficial in spite of the size increase.

[0035] The connector assembly 30 provides high-speed transmission between a
mating component and another member such as a printed circuit board 48 (FIGS. 3A and
3B). Other connector arrangements and other mating engagement configurations can be

suitable for accommodating the high-speed features disclosed herein.

[0036] As illustrated in FIGS. 2 and 2A, the offset contacts 90 in the second row are

located within the housing 40 such that the offset terminals 90, the ground terminals 60,
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the high-speed signal terminals 70 and the functional terminals 80 are each separated
from each other by portions of housing 40. The offset terminals 90 of the second row are
also in a staggered position in relation to the ground terminals 60, high-speed signal
terminals 70 and functional terminals 80 of the first row and the offset terminals 90 may
also be generally parallel to and spaced from each other. It should be noted that in an
embodiment, the offset terminals 90 and the functional terminals 80 may also be used for

high-speed signal communication.

[0037] As illustrated in FIGS. 3, 3A, 3B and 4, the connector assembly 30 includes
guide posts 42 that extend below the bottom wall 41. While not required, this allows the
guide posts 42 to engage with guide channels 44 in a printed circuit board 48. Tail
portions 62, 72, 82 and 92 of the respective terminals extend toward and engage with
contact areas 46 on the printed circuit board 48. In an embodiment, the tail portions may

extend below the bottom wall 41.

[0038] In an embodiment with terminals that include a U-shaped, or meander,
channel portion 200, the center of the bridge 50 may be situated between the bottom wall
41 and a top wall 45 (FIGS. 3A, 5A) and positioned about two thirds (2/3) of the way up
from the bottom wall 41. While not required, such a configuration allows the bridge to
extend transversely past the high-speed terminals 70 with an air gap and also allows the
bridge to be positioned a predetermined maximum electrical distance from the ends 61 of
the ground terminal 60. In another embodiment which positions the bridge at a desired
height, the bridge is positioned so that its bottom edge is located between about 0.45 and
0.55 H from the bottom surface of the terminal 62 or the top surface of the circuit board,
wherein H is shown as extending between the bottom surface of the terminal 62 or the top
surface of the circuit board and the top surface 45 of the connector as shown by H in FIG.
5A. For a thru-hole tail, H will extend from the circuit board to the top of the connector.
When the bridge is placed at least 0.5 H from the circuit board surface of an SFP style
connector, it provides the ground terminals with an effective maximum electrical length
of less than about 38 picoseconds and more preferably less than about 33 picoseconds.
The centralities of such bridges may be located at between about 0.55 to 0.62H from the

circuit board surface. It has been discovered that with the bridge located in such areas,

10
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the resonant frequency of the connector is increased above the operational frequency of
the connector, which for a data transmission rate of about 12.5 Gbps may be about 9.4

GHz and may extend up to an operational frequency of 10 GHz.

[0039] As illustrated in FIGS. 5, 5A, 6, the bridge 50 includes side walls 52 and a
front wall 54. As illustrated, the side walls 52 of the bridge 50 make contact with the
outside surfaces 64 of the ground terminals 60. In an embodiment, the bridge 50 may be
sized and shaped to engage the ground terminals 60 so as to be retained due to friction
(e.g., via a friction fit or by slidingly engaging the ground terminal). Alternatively, the
bridge 50 can be coupled to the ground terminals 60 using any desirable method, such as
retaining fingers that engage a notch. The advantage of using a friction fit as depicted is
that certain embodiments of the bridge 50 can be a simple shape and easily mounted to
the connector. The front wall 54 of the bridge 50 extends between the side walls in a
direction transverse to the high-speed signal terminals 70. It should also be noted that the
front wall 54 extends transversely to the high-speed terminals in a section where the high-
speed terminals are exposed. This allows an air gap 56 to be provided between the front
wall 54 and the high-speed signal terminals 70 such that there is no physical contact
between the bridge 50 and the high-speed signal terminals 70. The air gap is a distance
53, which in an embodiment may be about 0.5 mm, which advantageously provides good

electrical separation.

[0040] Preferably the distance 53 is sufficient so that the electrical separation
between the bridge and the high-speed signal terminals 70 is greater than the electrical
separation between the two terminals that make up the signal pair. It should be noted that
while an air gap 56 with a distance of 0.5 mm may actually place the bridge 50 slightly
closer to the high-speed terminals 70 than the high-speed terminals 70 are to each other
(in an embodiment with an 0.8 mm pitch, for example, they can be more than 0.5 mm
apart), the dielectric constant of air as compared to the dielectric constant of the housing
acts to increase the electrical separation. Therefore, from an electrical standpoint the
separation between the bridge 50 and the high-speed signal terminals 70 is significantly
more than the separation between adjacent high-speed signal terminals. In an

embodiment, the bridge 50 may be spaced from the high-speed terminals 70 so that the

11
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value of the distance 53 times an average dielectric constant of the material(s) between
the bridge and the terminals (which in the depicted embodiment is air with a dielectric
constant of about 1) is less than three quarters (3/4) the value of the distance between the
terminals times the average dielectric constant of the material(s) separating the high-
speed signal terminals at the point where the bridge crosses the terminals. In another
embodiment, the value of the distance 53 times the average dielectric constant of the
material(s) between the bridge and the terminals is less than one half (1/2) the value of
the distance between the terminals high-speed signal times the average dielectric constant
of the material(s) separating the terminals at the point where the bridge crosses the

terminals.

[0041] As depicted, the side wall 52 has a retention barb 58 (FIGS. 5 and 6) that
corresponds to a terminal retention barb 68 on the ground terminal 60 (FIG. 5A), both of
which engage the housing 40. It should be noted, however, that the retention barb 58
does not need to be orientated as shown and could, for example, be facing down or in
another desirable direction. The use of the retention barb, however, helps ensure that
vibration will not cause the bridge 50 to vibrate loose once installed. It should be noted
that while the side walls 52 are positioned in the same position vertically with respect to
the receptor slot 43, the front wall 54 is offset with respect to the receptor slot. An
advantage of this configuration, while not required, is that it allows openings in the
housing 40 that are otherwise used to secure the terminals to also be utilized to secure the
bridge 50. This configuration can also allow the bridge 50 to effectively be shifted along
the length of the ground terminal 60, as desired, so as to fine tune the electrical lengths of
the ground terminals 60 on either side of the bridge 50. In an embodiment this can allow
the length of the electrical length of the ground terminal on both sides of the bridge to be
within 20 percent of each other. In another embodiment, the electrical lengths of the
ground terminal on both sides of the bridge 50 may be within 10 percent of each other.
One method of testing the resultant electrical length is to bisect the connector at the
bridge and then test the terminal from the middle of the bridge to its endpoint to
determine the electrical length. It should be noted that in operation the mating interface

will likely some additional electrical length between the contact pad and the first point of

12
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commoning within the circuit card. Therefore, the effective electrical length of the

connector will be larger than the actual electrical length of the connector.

[0042] As depicted, the bridge 50 is positioned so as to common the two ground
terminals 60 at a point that reduces the electrical length of the terminals that make up the
ground terminal and in an embodiment may reduce the electrical length to about one-half
the original electrical length of the ground terminals 60. In an embodiment, for example,
the electrical length between the bridge and the ends of the terminal may be less than
about 26 picoseconds. Depending on the frequencies being used, however, a effective
maximum electrical length of less than about 33, 38 or even 45 picoseconds may be
sufficient. It should be noted that in an embodiment the electrical length of the terminals
on both sides of a single bridge may be such that electrical length of a portion of the
terminal on a first side of the bridge is within 25 percent of a portion of the terminal on
the second side of the bridge. This can allow the resonance performance of the connector
to be significantly improved and for certain connector designs is sufficient to reduce the
resultant effective maximum electrical length of the ground terminals below a desired

value, such as 38, 33 or 26 picoseconds.

[0043] Referring back to FIG. 1, it should be noted that terminals 80 may also be
used as high-speed terminals. Such a configuration is depicted in FIGS. 7 and 8, where
the terminals 80 are used as high-speed terminals 70 (and thus both labels apply). As can
be appreciated, in such a configuration a connector assembly 130 would provide three
high-speed data channels. Thus, depending on the configuration, a connector may
include a desirable number of high-speed data channels. As depicted, the connector
assembly 130 includes a bridge 150 that extends across and couples four ground
terminals 60. As can be appreciated, therefore, a bridge can couple any desirable number
of ground terminals together. Furthermore, it should be noted that the bridge may be
multiple links that couple together to form the bridge. For example, two bridges such as
depicted in FIG. 9B (discussed below) could share a common peg but extend in opposite

directions from the shared peg. Thus, a number of variations are possible.

13
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[0044] As further illustrated in FIG. 9A, an integral grounded terminal unit 300 can
be used. In this embodiment, a bridge 315 is made to be integral with a pair of ground
terminals 310 to form a single component. Any number of two or more ground terminals
310 can be connected together by one or more bridges 315 as desired. While Figure 9A
illustrates ground terminals such as might be formed from a single stamping, the bridge
315 and ground terminals 310 may be connected by desirable method such as soldering
or welding, for example. Thus, the integral grounded terminal unit 300 can be formed
and shaped as desired, either by combining separate elements or by forming a more
complex shape, such as is possible with a stamping and bending process, for example.
FIG. 9B illustrates another embodiment of a grounded terminal unit 305 with a bridge
316 positioned on pegs 312 that extend from the ground terminals 310. The bridge 316
can be inserted onto the pegs 312 via a conventional press-fit operation and may also be
soldered into place. As can be appreciated, the pegs 312 may be of variable dimensions
so as to allow the bridge 316 to be mounted to but not to slide all the way down the pegs
(thus allowing the bridge 316 to be offset from the high-speed signal terminals that can
be positioned between, as depicted in Figure 10a). Further, any combination of integral
grounded terminal unit 300 and ground terminal unit 305 may be used in a connector
system. In addition, the pegs 312 may be configured so as to be substantially flush with
the bridge 316 once the bridge 316 is installed. Thus, for example, certain ground
terminals may be combined to form an integral ground terminal unit 300 while other
ground terminal in the connector may be coupled with a bridge such as bridge 50 or
bridge 316 so as to form a ground terminal unit 305. Furthermore, one or more ground

terminal units could be coupled together to form a chain of ground terminal units.

[0045] As can be appreciated from FIGS. 10A-10B, therefore, in an embodiment a
bridge, such as bridge 316, is provided to couple ground terminals 310a and 310d while
extending transversely to the high-speed terminals 310b, 310c. Consequentially, ground
terminal unit 305 acts to shield the high-speed terminals while being configured to
minimize resonance of modes associated within the ground terminals for a desired
frequency range. In addition, the bridge 316 may be positioned so as to provide ground
terminals 310a, 310d with predetermined electrical lengths. Furthermore, the bridge may

be configured to be sufficiently electrically separated from the high-speed terminals
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310b, 310c so as to minimize coupling between the bridge and the high-speed terminals
310b, 310c.

[0046] Figures 11-13 illustrate an embodiment of a connector 400 that includes a
housing 410 that supports an insert 415. The insert 415 has a frame 417 that supports a
plurality of terminals including signal terminals 420 and first ground terminal 425 and a
second ground terminal 426 coupled together by bridge 430. As depicted, the bridge 430
is integrated into the first ground 425 and extends over to the second ground terminal
426. The bridge, however, can also be a separate element as depicted above. As can be
appreciated, the frame 417 is formed around the terminals and supports the terminals in
the housing 410. Therefore, the signal terminals may be formed so as to provide a

relatively constant cross section, reducing any potential discontinuities.

[0047] It should be noted that while a single bridge is depicted and may be sufficient
for smaller connectors, a connector with larger dimension (e.g., longer terminals) may
benefit from additional bridges. Thus, two bridges may be placed on a pair of ground
terminals so as to ensure the three resultant electrical lengths are each below a maximum
electrical length. For example, looking at FIG. 5 a first bridge could be positioned
adjacent the top of the housing 40 and a second bridge could be positioned adjacent the u-
shaped channel. Consequentially, the use of a bridge is not limited to a single bridge
unless otherwise noted. In general, when a plurality of bridges are used to provide three
or more electrical lengths, the ability to slidingly engage the ground terminals with the
bridge is advantageous because for certain applications it may be that less bridges can be
used while still providing sufficient electrical performance while for other systems that
require higher performance more bridges can be used. Thus, flexibility in the
performance of the connector is enabled. For smaller connectors, however, it is expected
that the use of a single bridge will be more cost effective and a desired positioned of the
bridge so as to obtain a particular maximum electrical length can be more readily

determined.

[0048] It has been discovered that the location of a bridge may be positioned to

increase the resonant frequency outside the operational frequency range of the connector.
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For data rates exceeding 12.5 Gbps, it is believed that the bridge should be placed above
the meander section, if a meander section is used, which can result in a resonant
frequency that is greater than the operating frequency of between about above 10 GHz to
20 GHz. For data rates beneath 12.5 Gbps, the bridge may be placed below the meander
sections, which may result in a resonant frequency that is higher than the operational
frequency of between about 1 GHz and 10 GHz. In other words, the location of bridge
can be configured to ensure a predetermined maximum electrical length and that position

will vary depending on the shape of the terminals.

[0049] It will be understood that there are numerous modifications of the illustrated
embodiments described above which will be readily apparent to one skilled in the art,
such as many variations and modifications of the resonance modifying connector
assembly and/or its components, including combinations of features disclosed herein that
are individually disclosed or claimed herein, explicitly including additional combinations
of such features, or alternatively other types of signal and ground contacts. Also, there
are many possible variations in the materials and configurations. These modifications
and/or combinations fall within the art to which this invention relates and are intended to
be within the scope of the claims, which follow. It is noted, as is conventional, the use of

a singular element in a claim is intended to cover one or more of such an element.
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CLAIMS

1. A connector, comprising:

a dielectric housing;

a first and second terminal supported by the housing in a first row;

a third and fourth terminal supported by the housing and positioned in the first
row between the first and second terminal, the third and fourth terminal configured for
use as a differential pair; and

a bridge extending between the first and second terminal, the bridge coupling the
first and second terminal and configured so as to provide the first and second terminal

with an effective maximum electrical length on both sides of the bridge.

2. The connector of claim 1, wherein the effective maximum electrical length

is less than about 38 picoseconds.

3. The connector of claim 2, wherein the effective electrical maximum length

is less than about 26 picoseconds.

4. The connector of claim 1, wherein the bridge extends transversely past the
third and fourth terminal and in operation the bridge has a first electrical separation
between the bridge and the third and fourth terminal that is substantially greater than a

second electrical separation between the third and fourth terminal.

5. The connector of claim 4, wherein the bridge is separated from the third

and fourth terminal by an air gap.

6. The connector of claim 4, wherein the electrical separation between the
bridge and the third terminal is such that the sum of the distance times a first average
dielectric constant between the bridge and the third terminal is not more than three
fourths (3/4) the sum of the distance between the third and fourth signal times a second

average dielectric constant between the third and fourth terminal.

7. The connector of claim 1 wherein the bridge and the ground terminals

form an integral unit.
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8. The connector of claim 1, wherein the terminals include a u-shaped
section and the housing includes a bottom surface and a top surface, the bottom and top
surface being a first distance apart, wherein a center of the bridge is spaced from the

bottom surface at least half the first distance.

9. The connector of claim 8, wherein the center of the bridge is spaced from

the bottom surface at least two thirds (2/3) of the first distance.

10.  The connector of claim 1, wherein the bridge includes matching sides
walls and a front wall extending between the side walls, wherein each of the sides walls
are configured to engage one of the first and second terminal and the front wall is offset

with respect to the sides walls.

11. The connector of claim 10, wherein the offset causes a first effective
electrical length of a portion of the first terminal on a first side of the bridge to be within
20 percent of a second effective electrical length of a portion of the first terminal on a

second side of the bridge.

12. The connector of claim 1, wherein the first terminal includes a first peg
and the second terminal includes a second peg and the bridge is supported by the first and

second peg.

13.  The connector of claim 1, wherein a first effective electrical length of a
portion of the first terminal on a first side of the bridge is within 25 percent of a second

effective electrical length of a portion of the first terminal on a second side of the bridge.

14.  The connector of claim 1, wherein the housing includes a bottom surface
and a top surface, the bottom and top surface being a first distance apart, wherein a center
of the bridge is spaced from the bottom surface at least half the first distance, wherein the

effective maximum electrical length is less than about 38 picoseconds.

15.  The connector of claim 1, wherein the effective maximum electrical length

is less than about 26 picoseconds.
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16. A connector assembly, comprising:

a dielectric housing;

a first and second ground terminal supported by the housing, the first and second
ground terminal having an original electrical length;

a differential pair supported by the housing between the first and second ground
terminals;

a bridge coupled to the first and second ground terminal, the bridge coupled to the
dielectric housing via a friction fit, wherein the bridge is configured to reduce the
electrical length of the first and second ground terminal below a predetermined maximum

electrical length.

17.  The connector of claim 16, wherein the bridge is configured to reduce the
electrical length of the first and second ground terminal to less than one-half the original

electrical length.

18.  The connector assembly of claim 16, wherein the bridge is configured to
reduce the electrical length of the first and second ground terminal to an electrical length
sufficient to allow the connector, in operation, to avoid a resonance condition in the

ground terminals from signals operating below about thirteen (13)GHz.

19. A connector, comprising:

a dielectric housing;

a first row of terminals positioned in the housing, the first row including a first
pair and a second pair of terminals each configured for use as high-speed differential pair;
the first row further including a first and second ground terminal positioned on opposite
sides of the first pair, the first row further including a third and fourth ground terminal
positioned on opposite sides of the second differential pair; and

a bridge extending between the first and second ground terminal, the bridge
configured to reduce an electrical length of the first and second ground terminal to a

length below a predetermined maximum electrical length.
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20.  The connector of claim 19, wherein the bridge is a first bridge, the
connector further including a second bridge extending between the third and fourth
ground terminal, the second bridge configured to reduce an electrical length of the third

and fourth ground terminal to a length below a predetermined maximum electrical length.

21.  The connector of claim 19, wherein the bridge is configured to couple the

first, second, third and fourth ground terminal.
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