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ELECTRICAL CONNECTOR FOR INTERCONNECTION ASSEMBLY

RELATED APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. § 119 ofU.S. Provisional Patent

Application Serial No. 60/695,308 filed June 30, 2005. This application may relate to commonly

owned, co-pending U.S. Application Serial No. , entitled Connector With Improved

Shielding In Mating Contact Region, filed on June 29, 2006, based on U.S. Provisional

Application No. 60/695,264, the subject matter of which is herein incorporated be reference.

FIELD OF INVENTION

[0002] This invention relates generally to electrical connectors for interconnection

systems, such as high speed electrical connectors, with improved signal integrity.

BACKGROUND OF THE INVENTION

[0003] Electrical connectors are used in many electronic systems. Electrical connectors

are often used to make connections between printed circuit boards ("PCBs") that allow separate

PCBs to be easily assembled or removed from an electronic system. Assembling an electronic

system on several PCBs that are then connected to one another by electrical connectors is

generally easier and more cost effective than manufacturing the entire system on a single PCB.

[0004] Electronic systems have generally become smaller, faster and functionally more

complex. These changes mean that the number of circuits in a given area of an electronic system,

along with the frequencies at which those circuits operate, have increased significantly in recent

years. Current systems pass more data between PCBs than systems of even a few years ago,



requiring electrical connectors that are more dense and operate at higher frequencies.

[0005] As connectors become more dense and signal frequencies increase, there is a

greater possibility of electrical noise being generated in the connector as a result of reflections

caused by impedance mismatch or cross-talk between signal conductors. Therefore, electrical

connectors are designed to control cross-talk between different signal paths and to control the

impedance of each signal path. Shield members, which are typically metal strips or a metal plate

connected to ground, can influence both crosstalk and impedance when placed adjacent the

signal conductors. Shield members with an appropriate design can significantly improve the

performance of a connector.

[0006] High frequency performance is sometimes improved through the use of

differential signals. Differential signals are signals represented by a pair of conducting paths,

called a "differential pair." The voltage difference between the conductive paths represents the

signal. In general, the two conducing paths of a differential pair are arranged to run near each

other. In differential connectors, it is also known to position a pair of signal conductors that

carry a differential signal closer together than either of the signal conductors in the pair is to

other signal conductors.

[0007] Despite recent improvements in high frequency performance of electrical

connectors provided by shielding, it would be desirable to have an interconnection system with

even further improved performance.



SUMMARY OF INVENTION

[0008] The present invention relates to an electrical connector that includes a dielectric

housing and at least one pair of signal conductors adapted to mate with a printed circuit board.

The pair of signal conductors include first and second conductors. The first conductor includes a

first mating portion, a first contact portion remote from the first mating portion, and a the

intermediate portion therebetween. The second conductor includes a second mating portion, a

second contact portion remote from the second mating portion, and a second intermediate portion

therebetween. Each of the first and second mating portions define a mating portion axis and

each of the first and second contact portions define a contact portion axis. The contact portion

axes are offset from the mating portion axis.

[0009] The present invention also relates to an electrical connector that includes a

dielectric housing and at least one pair of signal conductors adapted to mate with a printed circuit

board. The pair of signal conductors include first and second conductors. The first conductor

includes a first mating portion, a first contact portion, and a first intermediate portion

therebetween. The second conductor includes a second mating portion, a second contact portion,

and a second intermediate portion therebetween. Each of the first and second mating portions

includes a central axis, and each of the first and second contact portions defining a central axis.

The central axes of the first and second mating portions define a first distance therebetween that

is larger than a second distance defined between the central axes of the first and second contact

portions.

[0010] The present invention also relates to an interconnection assembly that includes a

first electrical connector mountable to a first printed circuit board. The first electrical connector



includes a plurality of signal conductor pairs. Each of the pairs of signal conductors include first

and second conductors engageable with respective pairs of first and second plated holes in the

first electrical connector. The pairs of first and second plated holes being disposed in a plurality

of transverse columns and rows. The first plated holes are aligned with one another to define a

first axis. Each of the second plated holes is offset from a respective first plated hole such that a

second axis defined between one of the first plated holes and one of the second plated holes is

angularly oriented with respect to the first axis.

[0011] Objects, advantages and salient features of the invention will become apparent

from the following detailed description, which, taken in conjunction with the annexed drawings,

discloses a preferred embodiment of the present invention



BRIEF DESCRIPTION OF DRAWINGS

[0012] A more complete appreciation of the invention and many of the attendant

advantages thereof will be readily obtained as the same becomes better understood by reference

to the following detailed description when considered in connection with the accompanying

drawings, wherein:

[0013] FIG. 1 is an exploded perspective view of a prior art connector;

[0014] FIG. 2 is a perspective view of an electrical connector according to an

embodiment of the invention;

[0015] FIG. 3 is a perspective view of a leadframe used in the manufacture of the

electrical connector of FIG 2;

[0016] FIG. 4A is a perspective view of a pair of signal conductors of the leadframe of

FIG. 3;

[0017] FIGS. 4B and 4C are schematic representations of the pair of signal conductors

shown in FIG. 4A;

[0018] FlG. 5A is a diagram illustrating positions of signal conductors in a prior art

interconnection system;

[0019] FIGS. 5B and 5C are diagrams illustrating placement of signal conductors in

interconnection systems according to embodiments of the invention;

[0020] FIG. 6A is a diagram illustrating electrical interference between pairs of signal

conductors in a prior art interconnection system;

[0021] FIG. 6B is a diagram illustrating interference between pairs of signal conductors

according to an embodiment of the invention;



[0Θ22] Fl TA perspective view of an alternative embodiment of

an electrical connector; and

10023] FIG. 7B is a front view of the electrical connector of FIG. 7A.



DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0024] This invention is not limited in its application to the details of construction and

the arrangement of components set forth in the following description or illustrated in the

drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways. Also, the phraseology and terminology used herein is for the

purpose of description and should not be regarded as limiting. The use of "including,"

"comprising," or "having," "containing," "involving," and variations thereof herein, is meant to

encompass the items listed thereafter and equivalents thereof as well as additional items.

[0025] FIG. 1 shows an exemplary prior art connector system that may be improved with

a shielding system according to the invention. In the example of FIG. 1, the electrical connector

is a two-piece electrical connector adapted for connecting printed circuit boards to a backplane at

right angles. The connector includes a backplane connector 110 and a daughter card connector

120 adapted to mate to the backplane connector 110.

[0026] Backplane connector 110 includes multiple signal conductors generally arranged

in columns. The signal conductors are held in housing 116, which is typically molded of plastic

or other insulative material. Each of the signal conductors includes a contact tail 112 and a

mating portion 114. In use, the contact tails 112 are attached to conducting traces within a

backplane. In particular, contact tails 112 are press-fit contact tails that are inserted into holes in

the backplane. The press-fit contact tails make an electrical connection with conductive plating

inside the holes that is in turn connected to a trace within the backplane.

[0027] In the example of FIG. 1, the mating portions 114 of the signal conductors are

shaped as blades. The mating portions 114 of the signal conductors in the backplane connector



110 are positioned to mate with mating portions of signal conductors in daughter card connector

120. In this example, mating portions 114 of backplane connector 110 mate with mating

portions 126 of daughter card connector 120, creating a separable mating interface through

which signals may be transmitted.

[0028] The signal conductors within daughter card connector 120 are held within a

housing 136, which may be formed of plastic or other similar insulating material. Contact tails

124 extend from the housing of connector 120 and are positioned for attachment to a daughter

card. In the example of FIG. 1, contact tails 124 of daughter card connector 120 are press-fit

contact tails similar to contact tails 112.

[0029] In the embodiment illustrated, daughter card connector 120 is formed from wafers

122. For simplicity, a single wafer 122 is shown in FIG. 1. Wafers 122 are formed as

subassemblies that each contain signal conductors for one column of the connector. The wafers

are held together in a support structure, such as a metal stiffener 130. Each wafer includes

attachment features 128 in its housing that may attach the wafer 122 to stiffener 130.

[0030] When assembled into a connector, the contact tails 124 of the wafers extend

generally from a face of the insulated housing of daughter card connector 120. In use this face is

pressed against a surface of a daughter card (not shown), making connection between the contact

tails 124 and signal traces within the daughter card. Similarly, the contact tails 112 of backplane

connector 110 extend from a face of housing 116. This face is pressed against the surface of a

backplane (not shown), allowing the contact tails 112 to make connection to traces within the

backplane. In this way, signals may pass from a daughter card through the signal conductors in

daughter card connector 120, into the signal conductors of backplane connector 110 where they

may be connected to traces within a backplane.



0 3I ' FIG '. 2 shows a backplane connector 210 according to ari embodiment of the

invention. Backplane connector 210 includes a housing 216, which may be molded of plastic or

other suitable insulative material. Signal conductors 202 are embedded in housing 216, each

with a mating portion 214 extending from a floor 218 of the housing 216 and a contact tail 212

extending from a lower surface of the housing 216. Contact tails 212 may be any known surface

mount or pressure mount contact tails that engage a printed circuit board.

[0032] Contact tails 212 and mating portions 214 of the signal conductors 202 may be

positioned in multiple parallel columns in housing 216. Signal conductors 202 are positioned in

pairs within each column. Such a configuration is desirable for connectors carrying differential

signals. FIG. 2 shows, for example, five pairs of signal conductors 202 in each column. In one

embodiment, the pairs of signal conductors 202 are positioned such that the individual signal

conductors 202 within a pair are closer together than the spacing between adjacent pairs, that is

the spacing between a signal conductor in one pair and the next nearest signal conductor in an

adjacent pair. The space between adjacent pairs of signal conductors may contain a contact tail

for a shield member or other ground structure within the connector.

[0033J A shield 250 may be positioned between each column of signal conductors 202.

Each shield 250 may be held in a slot 220 within housing 216. However, any suitable means of

securing shields 250 may be used.

[0034] Each of the shields 250 is preferably made from a conductive material, such as a

sheet of metal. Conducting shield structures may be formed in any suitable way, such as doping

or coating non-conductive structures to make them fully or partially conductive, or by molding

or shaping a binder filled with conducting particles. Shields 250 may include compliant

members. The sheet of metal of each shield 250 may be a metal, such as phosphor bronze,



beryllium copper or other ductile metal alloy.

[0035] Each shield 250 may be designed to be coupled to ground when backplane

connector 210 is attached to a backplane. Such a connection may be made through contact tails

on shield 250 similar to contact tails 212 used to connect signal conductors to the backplane.

However, shield 250 may be connected directly to ground on a backplane through any suitable

type of contact tail or indirectly to ground through one or more intermediate structures.

Backplane connector 210 may be manufactured by molding housing 216, and thereafter,

inserting signal conductors 202 and shield members 250 into housing 216.

[0036] Turning to FIG. 3, a leadframe 300 including multiple pairs of signal conductors

202 that may be inserted into housing 216 is shown. Each pair of signal conductors 202 includes

first and second signal conductors 320A and 320B. Each of the signal conductors includes a

mating portion 214 and a contact tail 212. As can be seen in FIG. 3, each of the signal

conductors may also include an intermediate portion 322A which may be positioned within the

floor 218 of housing 216. Retention members 324 may be embedded in housing floor 218 to

secure each lead frame 300 within housing 216.

[0037] Leadframe 300 may be stamped from a sheet of metal or other material used to

form signal conductors 320A, 320B. Leadframe 300 may be stamped from a long strip of metal

creating numerous signal conductors for simplicity. FIG. 3 shows, for example, seven pairs of

signal conductors 31OA, 31OB, 31OC, 31OD, 31OE, 31OF, AND 31OG. In embodiments in which

signal conductors are stamped in a semi-continuous operation, thousands or possibly tens of

thousands of signal conductors maybe stamped on one strip.

[0038] The pairs of signal conductors 202 are held to earner strip 302 with tiebars 304.

Tiebars 304 are relatively thin strips of metal that may be readily severed to separate the pairs of



signal' conductors 2 from ϊead'frame 300 and to subsequently insert them into connector

housing 216. In some embodiments, an entire column of signal conductors may be separated

from leadframe 300 in one operation and inserted in housing 216. However, any number of

signal conductors may be inserted in housing 216 in one operation. In embodiments in which

pairs of signal conductors are inserted into housing 216 simultaneously, it is desirable for the

pairs of signal conductors to be spaced on leadframe 300 with the same spacing required for

insertion into housing 216. Similarly, in embodiments in which multiple pairs are inserted into

housing 216 simultaneously, it is desirable for the pairs to have the spacing on leadframe 300

that is required for insertion into housing 216.

[0039] As illustrated in FIG. 3, the pairs of signal conductors 202 are held in lead frame

300 with the same spacing they will have when inserted into housing 216. Adjacent pairs of

signal conductors, such as pairs 310G and 310F, have an on-center spacing of D 1. hi some

embodiments, D 1may be less than 6 millimeters, and in one example is approximately 5.6

millimeters, and in another embodiment is approximately about 5 millimeters.

[0040] FIG. 3 also illustrates the on-center spacing D of signal conductors 320A and

320B within a pair, such as pair 3 1OE. In some embodiments, U2may be less than 2 millimeters,

and in one example is about 1.85 millimeters, and in another example is about 1.25 millimeters.

[004 1] It is not necessary that the on-center spacing of the mating portion 214 of each

signal conductor within a pair be the same as the on-center spacing for the contact tails 212 of

the pair of signal conductors. As illustrated in FIG. 3, the on-center spacing D2 between the

mating portions 214 of pair 310E is larger than the on-center spacing D3 of the contact tails 212.

The on-center spacing D of contact tails 212 may be less than 1.85 millimeters. In some

embodiments, the on-center spacing D3 of contact tails 212 is approximately 1.4 millimeters.



[00'42J Turning toTlG. 4A, a pair of signal conductors 320A and 320B is shown in an

enlarged view separated from leadframe 300. Signal conductors 320A and 320B are here shown

to be generally in the form of blade-type signal conductors. However, signal conductors 320A

and 320B include curved portions 422A and 422B, respectively. Curved portions 422A and

422B provide contact tails 212 with a desired spacing and orientation that maybe different than

the spacing and orientation of mating portions 214.

[0043] The position of contact tails 212 can be seen in FIG. 4B, which represents in

schematic form a frontal view of the pair of signal conductors 320A and 320B. As can be seen

from the frontal view in FIG. 4B, curved portions 422A and 422B provide an attachment point

for compliant sections 424A and 424B of signal conductors 320A and 320B, respectively.

Compliant sections 424A and 424B are mounted off-center relative to signal conductors 320A

and 320B. In particular, compliant sections 424A and 424B are mounted such that the on-center

spacing D3 between central axes of compliant sections 424A and 424B of the contact tails is

smaller than the on-center spacing D2 between the central axes of mating portions 214 of signal

conductors 320A and 320B.

[0044] As is described in greater detail below, the illustrated spacing reduces noise

generated in the signal launch portion of the backplane.

[0045] The signal launch portion of the interconnection system provides a transition

between traces in a printed circuit board, such as a backplane, and signal conductors within a

connector. Within the printed circuit board, traces have a generally well controlled spacing

from a ground plane. The ground plane provides shielding and impedance control such that the

signal traces within a printed circuit board provide a relatively noise-less section of the

interconnection system. Within the connector body, a similar impedance control structure may



be provided y shielding members. However, such an impedance controlled section is lacking in

the signal launch. Further, there is less shielding between pairs of signal conductors in the signal

launch than in other portions of the interconnection system.

[0046] Making compliant sections 424A and 424B of the signal conductor pairs closer

together that the mating portions allows the conductors and their associated plated holes in the

printed circuit board of the interconnection system to be made closer together. Having the

conductors and plated holes closer together increases the coupling between the conductors and

creates a corresponding decrease in coupling between pairs of conductors that carry different

differential signals. Therefore, by reducing the spacing between compliant sections 424A and

424B, crosstalk is reduced.

[0047] FIG. 4C illustrates an additional aspect of signal conductors 320A and 320B that

further reduces crosstalk. FIG. 4C shows a side view of the pair of signal conductors 320A and

320B. FIG. 4C shows that curved portions 422A and 422B diverge, that is they bend in opposite

directions relative to mating portions 214 of the pair of signal conductors. As a result, the

relative axes are offset from one another such that compliant sections 424A and 424B are each

offset a distance D4 from the center of mating portion 214. The distance D may be relatively

small, such as less than 0.5 millimeters. In one embodiment, the distance D4 may approximately

0.2 millimeters. Each compliant section may be offset from the nominal center of the signal

conductors, though symmetrical offsets are not required and it is not necessary that both

compliant sections be offset.

[0048] The net effect of the compound curve provided by curved portion 422 is

illustrated by FIGS. 5A, 5B and 5C. FIG. 5A shows a prior art interconnection system and signal

conductors of the interconnection system as they intersect in a plane. In the example of FIG. 5A,



that fJlane istaKen'tBrόugn' 'tlie 'signal launch portion of the printed circuit board to which

backplane connector 210 is mounted. Thus, the signal conductors illustrated in FIG. 5A are

represented by plated holes of a printed circuit board associated with the conductors, of which

conductors 530A, 530B, 532A and 532B are numbered. A view as depicted in FIG. 5A is

sometimes referred to as the connector "footprint" on a printed circuit board. In FIG. 5A, the

conductors are positioned in a rectangular array with columns, such as 510A, and 510B and rows

520A and 520B.

[0049] In contrast, FIG. 5B shows two changes that result from having curved portions

422A and 422B associated with each pair of signal conductors 202. Each pair of the conductors

carrying a differential signal is positioned along one dimension of the array of conductors about

a nominal column position, such as 510A' or 510B'. However, because of curved portions 422A

and 422B, the pair of conductors, such as 530A' and 530B', is positioned along an axis 540 that

is mechanically skewed relative to a nominal column position 510A' by an angle A. Further,

because the compliant portions 424A and 424B are offset toward each other, the plated holes

associated with each conductor pair, such as conductors 530A and 530B, fall in rows, such as

520A' and 520B' that are closer together than rows such as 520A.and 520B (FIG. 5A).

[0050] Having the rows closer together increases coupling between the conductors that

form a differential pair, which decreases coupling to adjacent signal conductors. The benefit of a

mechanical skew of the axis on which each pair is disposed is illustrated in connection with FIG.

6A and FIG. 6B.

[0051] FIG. 6A shows a portion of the footprint of FIG. 5A. In FIG 6A, a pair of

conductors 530A and 530B and a pair of conductors 532A and 532B in an adjacent column are

shown. Each pair of holes may carry a differential signal via conductors through the signal



lau ϊdh'plbrtiό'n δϊ apnritec ϊ ' cϊ rcύil ' 'l δard. FIG. 6A illustrates the electromagnetic field strength

associated with a signal propagated through pair of conductors 530A and 53OB. In FIG. 6A , via

53OA is indicated to have a "+" polarity and via 530B is illustrated carrying a signal of a "-"

polarity. Such designations are used for identifying conductors carrying signals forming portions

of a differential signal rather than indicating a polarity relative to any fixed reference level.

[0052] For a balanced differential pair, the electromagnetic potential at the center point

between the conductors of the pair is zero because each conductor in a differential pair carries a

signal of equal magnitude but opposite polarity such that the electromagnetic potential from each

is equal in magnitude but of opposite polarity at the midpoint between the conductors of the pair.

Accordingly, region 610 has zero electromagnetic field at the midpoint between the pair of

conductors 530A and 530B. Closer to either of the conductors, the electromagnetic potential

from the farther conductor does not fully cancel the electromagnetic potential from the nearer

conductor. As a result, regions of increased electromagnetic potential occur between the

conductors away from the center. Such regions of slightly increased electromagnetic potential

are illustrated by regions 612A and 612B. Regions 612A and 612B contain electromagnetic

potential generally of the same magnitude. However, regions 612A, being closer to conductor

530A, will have "+" polarity. Conversely, region 612B will have a "-" polarity. Regions 614A

and 614B similarly have electromagnetic potential of opposite polarity, with regions 614A

having a "+" polarity and region 614B containing electromagnetic potential of a "-"polarity. The

magnitude of the electromagnetic potential in regions 614A and 614B is greater than the

magnitude within regions 612A and 612B because regions 614A and 614B are even closer to one

of the conductors than regions 612A and 612B.

[0053] In regions further from the signal conductors, the electromagnetic potential will



sttfSavl a rMarlf β rmenc polarity of the signal carried by the closer of the two signal

conductors, but the magnitude will be decreased because of the greater distance from the signal

conductors. Accordingly, regions 6 1 6A and 6 1 6B are regions of "+" and "-" polarity, but

smaller magnitude than two regions 614A and 614B.

[0054] While not being bound by any specific theory of operation, the present invention

recognizes that FIG. 6A illustrates a drawback of a conventional electrical connector design.

Specifically, the signal conductors, represented by their associated plated holes 532A and 532B,

carrying a second differential signal fall within regions 614A and 614B, representing the largest

electromagnetic potential generated by an adjacent pair of conductors, such as conductors 530A

and 530B. Furthermore, the polarity of the signals in regions 614A and 614B are opposite.

While differential signals are relatively insensitive to electromagnetic potential when both signal

conductors in the pair are exposed to the same magnitude and polarity of radiation, differential

signals become "noisy" when the conductors of the pair carrying the differential signal are

exposed to electromagnetic radiation of different magnitudes or polarities. Accordingly, FIG.

6A represents a relatively poor position of adjacent pairs where noise immunity, and there

reduced crosstalk, is desired.

[0055] FIG. 6B illustrates the field pattern of plated holes associated with a differential

pair of conductors 530A' and 530B', such as might occur in. the footprint for a connector with

signal conductors as shown in FIG. 4A. The overall strength of the radiation associated with the

pair 530A' and 530B' may be reduced because the signals are closer together. Additionally, the

skew angle A alters the pattern of electromagnetic potential associated with pair of conductors

530A' and 530B' such that it has a lessened effect on an adjacent pair of conductors, such as

532A' and 532B'. As can be seen, the bands of electromagnetic potential, such as 610', 612A',



612B 6'\4A 6'ϊ 4W " 6l 6Αr aEd 6fflB\ are skewed relative to the adjacent pair of conductors

530A' and 530B' by the angle A. For example, axis 540 (FIG. 5B) defined by conductors 530A'

and 530B' is skewed by angle A with respect to the axis of the aligned column 510A' . This

skewing places the adjacent conductors in bands of electromagnetic potential that have a

significantly decreased impact than in the configuration illustrated in FIG. 6A.

[0056] This reduced impact may arise in two ways. First, the signal conductors in the

adjacent pairs such, as 532A' and 532B', do not fall in bands 614A' and 614W, representing the

largest electromagnetic potential from pair of conductors 530A' and 530W. Further, the skewing

tends to bring the signal conductors in the adjacent pairs into bands of the same polarity.

Because the differential signals carried through conductors 532A' and 532B' are relatively

insensitive to common mode noise, exposing both conductors 532A' and 532B' to

electromagnetic potential of the same polarity increases the common mode component and

decreases the differential mode component of the radiation to which the differential pair is

exposed. Therefore, the overall noise induced in the differential signal carried through

conductors 532A' and 532B' is reduced relative to the level of noise introduced into the signals

carried by conductors 532A and 532B as illustrated in FIG. 6A.

[0057] The magnitude of the angle A that produces a desired level of reduction in

crosstalk may depend on factors, such as the distance between signal conductors within a pair of

signal conductors carrying a differential signal and the spacing between pairs of signal

conductors. An appropriate magnitude for the angle A may be determined empirically, by

simulation or in any other convenient way. In some embodiments, the angle A may be about 20°

or less. Such an angle may, for example, be suitable for embodiments in which conductors

530A' and 530B' have a diameter of 18 mils (0.46 millimeter) and are spaced apart along axis



54D"By a rM r a ei LtmffiimeteTS and the spacing between columns such as 510A' and

51OB' is about 2 millimeters.

[0058] A decrease in crosstalk may b e achieved by increasing the angle A. In some

embodiments, the angle A may be greater than 200. However, as the angle A increases, the

distance between conductors 530B' and 532A', as measured in the direction of rows, such as

520A' and 520B', decreases. Accordingly, the width of routing channels, such as routing

channel 550' (FIG. 5B), between adjacent columns of signal conductors decreases. As the width

of the unobstructed space between adjacent columns of conductors decreases, either fewer of

traces may b e routed in routing channel 550' or the traces must be routed with a serpentine

pattern to stay clear of the conductors. Serpentine patterns for traces may be undesirable because

they have worse signal transmission properties than straight traces and because fewer traces may

be routed through a serpentine channel than through an unobstructed routing channel, such as

routing channel 550 in FIG. 5A.

[0059] Any loss in ability to route signals through routing channel 550' may be partially

offset by an increase in the width of routing channels running in the orthogonal, direction such as

routing channels 552'. Nonetheless, it may sometimes be desirable for the angle A to be kept as

small as needed to achieve the desired level of crosstalk reduction.

[0060] Crosstalk reduction achieved by mechanically skewing each of the pairs of signal

conductors within a column may be employed to reduce crosstalk between any adjacent pair of

signal conductors. For example, though FIG. 6B shows coupling from a differential signal

traveling through pair of conductors 530A' and 530B' to a signal traveling in conductors 532A'

and 532B', the mechanically skewed arrangement of the conductors as shown in FIG. 6B

similarly reduces the coupling from conductors 532A' and 532B' to the signal carried through
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[0061] A mechanically skewed arrangement of differential signal conductors may be

employed in other footprints or in other portions of the interconnection system. For example,

FIG. 5C shows an alternative footprint for a connector. In the footprint of FIG. 5C, pairs of

conductors are positioned along columns, such as columns 510A" and 510B". The individual

conductor pairs are positioned in two adjacent rows. For example, conductors are positioned in

rows 520A" and 520B". As shown, the conductors within each pair are mechanically skewed by

an angle A relative to the nominal column orientation. The footprint of FIG. 5C differs from the

footprint in FIG. 5B by the inclusion of a row 520C of conductors. The conductors in row 520C

maybe connected to ground, thereby providing shielding between adjacent pairs of signal

conductors along each column through the signal launch portion of the interconnection system.

Additionally, the conductors within row 520C may provide connections to shield members

within the connector attached at the footprint.

[0062] FIG. 5C demonstrates that mechanically skewing of pairs of signal conductors to

reduce crosstalk may be used in conjunction with other techniques for crosstalk reduction. FIGS.

7A and 7B illustrate a further method by which crosstalk may be reduced. FIG. 7A shows a

wafer 122' including features for further crosstalk reduction in an interconnection system. A

section 710 of water 122' may be shaped to fit within housing 216 of backplane connector 210

and may include mating portions 712 of the signal conductors within wafer 122' that engage

mating portions 214 of the signal conductors within backplane connector 210. In the

embodiment illustrated, the mating portions 712 are positioned in pairs to align with mating

portions 214 of backplane connector 210.

[0063] Wafer 122' may be formed with cavities 720 between the signal conductors



wiMifrs ctio' ' f0' a itf es £ a ;ishaped to receive lossy inserts 722. Lossy inserts 722 may

be made from or contain materials generally referred to as lossy conductors or lossy dielectric.

Electrically lossy materials can also be formed from materials that are generally thought of as

conductors, but are either relatively poor conductors over the frequency range of interest, contain

particles or regions that are sufficiently dispersed that they do not provide high conductivity or

otherwise are prepared with properties that lead to a relatively weak bulk conductivity over the

frequency range of interest.

[0064] Electrically lossy materials typically have a conductivity of 1 Siemens/meter to

6.IxIO 7 Siemens/meter. Preferably, materials with a conductivity of 1 Siemens/meter to IxIO7

Siemens/meter are used, and in some embodiments materials with a conductivity of about 1

Siemens/meter to 3xlO4 Siemens/meter are used.

[0065] Electrically lossy materials may be partially conductive materials, such as those

that have a surface resistivity between 1 Ω/square and 10δ Ω/square. In some embodiments, the

electrically lossy material has a surface resistivity between 1 Ω/square and 103 Ω/square. In

some embodiments, the electrically lossy material has a surface resistivity between l OΩ/square

and lOOΩ/square. As a specific example, the material may have a surface resistivity of between

about 20Ω/square and 40Ω/square.

[0066] In some embodiments, electrically lossy material is formed by adding a filler that

contains conductive particles to a binder. Examples of conductive particles that may be used as a

filler to form an electrically lossy material include carbon or graphite formed as fibers, flakes,

nickel-graphite powder or other particles. Metal in the form of powder, flakes, fibers, stainless

steel fibers or other particles may also be used to provide suitable electrically lossy properties.

Alternatively, combinations of fillers may be used. For example, metal plated carbon particles



may u rlvef 'aM r c suϊ table metal plating for fibers. Coated particles may be

used alone or in combination with other fillers. Nanotube materials may also be used. Blends of

materials might also be used.

[0067] Preferably, the fillers will be present in a sufficient volume percentage to allow

conducting paths to be created from particle to particle. For example, when metal fiber is used,

the fiber may be present in about 3% to 40% by volume. The amount of filler may impact the

conducting properties of the material. In another embodiment, the binder is loaded with

conducting filler between 10% and 80% by volume. More preferably, the loading is in excess of

30% by volume. Most preferably, the conductive filler is loaded at between 40% and 60% by

volume.

[0068] When fibrous filler is used, the fibers preferably have a length between 0.5 mm

and 15 mm. More preferably, the length is between 3 mm and 11 mm. In one contemplated

embodiment, the fiber length is between 3 mm and 8 mm.

[0069] In one contemplated embodiment, the fibrous filler has a high aspect ratio (ratio

of length to width). In that embodiment, the fiber preferably has an aspect ratio in excess of 10

and more preferably in excess of 100. In another embodiment, a plastic resin is used as a binder

to hold nickel-plated graphite flakes. As a specific example, the lossy conductive material may

be 30% nickel coated graphite fibers, 40% LCP (liquid crystal polymer) and 30% PPS

(Polyphenylene sulfide).

[0070] Filled materials can be purchased commercially, such as materials sold under the

trade name CELESTRAN® by Ticona. Commercially available preforms, such as lossy

conductive carbon filled adhesive preforms sold by Techfilm of Billerica, Massachusetts, US

may also be used.
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binder may be extruded in a bar having a cross-section that is the same of the cross section

desired for lossy inserts 722. Such a bar maybe cut into segments having a thickness as desired

for lossy inserts 722. Such segments may then be inserted into cavities 720. The inserts may be

retained in cavities 722 by an interference fit or through the use of adhesive or other securing

means. As an alternative embodiment, uncured materials filled as described above maybe

inserted into cavities 720 and cured in place.

[0072] FIG. 7B illustrates wafer 122' with conductive inserts 722 in place. As can be

seen in this view, conductive inserts 722 separate the mating portions 712 of pairs of signal

conductors. Wafer 122' may include a shield member generally parallel to the signal conductors

within wafer 122'. Where a shield member is present, lossy inserts 722 may be electrically

coupled to the shield member and form a direct electrical connection. Coupling may be achieved

using a conductive epoxy or other conducting adhesive to secure the lossy insert to the shield

member. Alternatively, electrical coupling between lossy inserts 722 and a shield member may

be made by pressing lossy inserts 722 against the shield member. Close physical proximity of

lossy inserts 722 to a shield member may achieve capacitive coupling between the shield

member and the lossy inserts. Alternatively, if lossy inserts 722 are retained within wafer 122'

with sufficient pressure against a shield member, a direct connection may be formed.

[0073] However, electrical coupling between lossy inserts 722 and a shield member is

not required. Lossy inserts 722 may be used in connectors without a shield member to reduce

crosstalk in mating portions 710 of the interconnection system.

[0074] While particular embodiments have been chosen to illustrate the invention, it will

be understood by those skilled in the art that various changes and modifications can be made
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[0075] For example, the invention is not limited to a backplane/daughter card connector

system as illustrated. The invention may be incorporated into connectors, such as mid-plane

connectors, stacking connectors, mezzanine connectors or in any other interconnection system

connectors.

[0076] Although an approach of reducing crosstalk by mechanically skewing pairs of

signal conductors is illustrated with conductor holes in the signal launch portion of a backplane,

signal conductors maybe mechanically skewed in any portion of the interconnection system.

For example, conductors may be skewed in the signal launch portion of a daughter card.

Alternatively, signal conductors within either connector piece may be skewed.

[0077] As a further example, signal conductors are described to be arranged in rows and

columns. Unless otherwise clearly indicated, the terms "row" or "column" do not denote a

specific orientation. Also, certain conductors are defined as "signal conductors." While such

conductors are suitable for carrying high speed electrical signals, not all signal conductors need

be employed in that fashion. For example, some signal conductors may be connected to ground

or may simply be unused when the connector is installed in an electronic system.

[0078] Although the columns are all shown to have the same number of signal

conductors, the invention is not limited to use in interconnection systems with rectangular arrays

of conductors. Nor is it necessary that every position within a column be occupied with a signal

conductor. Likewise, some conductors are described as ground or reference conductors. Such

connectors are suitable for making connections to ground, but need not be used in that fashion.

Also, the term "ground" is used herein to signify a reference potential. For example, a ground

could be a positive or negative supply and need not be limited to earth ground. Also, signal



coMfet rs"' are' contact portions shaped as blades and dual beams.

Alternative shapes may be used. For example, pins and single beams may be used. Such

alterations, modifications, and improvements are intended to be part of this disclosure, and are

intended to be within the spirit and scope of the invention. Accordingly, the foregoing

description and drawings are by way of example only.



w Α chm mw s :

1. An electrical connector, comprising of:

a dielectric housing; and

at least one pair of signal conductors adapted to mate with a printed circuit board, said

pair of signal conductors including first and second conductors,

said first conductor including a first mating portion, a first contact portion remote from

said first mating portion, and a first intermediate portion therebetween,

said second conductor including a second mating portion, a second contact portion

remote from said second mating portion, and a second intermediate portion therebetween,

wherein each of said first and second mating portions define a mating portion axis and

each of said first and second contact portions defining a contact portion axis, and said contact

portion axes being offset from said mating portion axis.

2 . An electrical connector according to claim 1, wherein

said first conductor includes a first curved portion between said first mating portion and

said first contact portion; and

said second conductor includes a second curved portion between said curved mating

portion and said curved contact portion.

3. An electrical connector according to claim 2, wherein

said first and second curved portions diverge from one another.



41 An efe'cfricaT connector according to claim 1, further comprising

a plurality of pairs of signal conductors, each of said pairs including first and second

conductors, and each of said first and second conductors including a mating portion, a contact

portion remote from said mating portion, and an intermediate portion therebetween.

5. An electrical connector according to claim 4, wherein

each pair of said signal conductors define a first distance between respective central axes

of said first and second conductors;

a second distance being defined between two adjacent pairs of said signal conductors,

wherein said second distance extends from a mid-point between said first and second conductors

of one of said pairs to a mid-point between said first and second conductors of the other of said

pairs, and

said second distance being larger than said first distance.

6 . An electrical connector according to claim 4, wherein

said plurality of pairs of signal conductors are disposed in parallel columns in said

dielectric housing.

7. An electrical connector according to claim 6, further comprising

a shield disposed between said columns of said plurality of pairs of signal conductors



S. An electrical' connector according to claim 1, wherein

each of said first and second mating portions includes a central axis, each of said first and

second contact portions defining a central axis, and said central axes of said first and second

mating portions defining a first distance therebetween that is larger than a second distance

defined between said central axes of said first and second contact portions.

9 . An electrical connector, comprising of:

a dielectric housing; and

at least one pair of signal conductors adapted to mate with a printed circuit board, said

pair of signal conductors including first and second conductors,

said first conductor including a first mating portion, a first contact portion, and a first

intermediate portion therebetween,

said second conductor including a second mating portion, a second contact portion, and a

second intermediate portion therebetween,

wherein each of said first and second mating portions includes a central axis, each of said

first and second contact portions defining a central axis, and said central axes of said first and

second mating portions defining a first distance therebetween that is larger than a second

distance defined between said central axes of said first and second contact portions.

10. An electrical connector according to claim 9, wherein

said first conductor includes a first curved portion between said first mating portion and

said first contact portion; and



saicl second conductor includes a second curved portion between said curved mating

portion and said curved contact portion, and said first and second curved portions diverging from

one another.

11. An electrical connector according to claim 9, further comprising

a plurality of pairs of signal conductors, each of said pairs including first and second

conductors, and each of said first and second conductors including a mating portion, a contact

portion remote from said mating portion, and an intermediate portion therebetween.

12. An electrical connector according to claim 11, wherein

each pair of said signal conductors define a first distance between respective central axes

of said first and second conductors;

a second distance being defined between two adjacent pairs of said signal conductors,

wherein said second distance extends from a mid-point between said first and second conductors

of one of said pairs to a mid-point between said first and second conductors of the other of said

pairs, and

said second distance being larger than said first distance.

13. An electrical connector according to claim 11, wherein

said plurality of pairs of signal conductors are disposed in parallel columns in said

dielectric housing.



1 . An mrerconneCti rf s embly, comprising of:

a first electrical connector mountable to a first printed circuit board, the first electrical

connector including a plurality of signal conductor pairs, each of said pairs of signal conductors

including first and second conductors engageable with respective pairs of first and second plated

holes in said first electrical connector, said pairs of first and second plated holes being disposed

in a plurality of transverse columns and rows,

wherein said first plated holes are aligned with one another to define a first axis, and each

of said second plated holes is offset from a respective first plated hole such that a second axis

defined between one of said first plated holes and one of said second plated holes is angularly

oriented with respect to the first axis.

15. An interconnection assembly according to claim 14, wherein

each of said first and second conductors includes a mating portion for connection to a

second electrical connector mounted to a second printed circuit board.

16. An interconnection assembly according to claim 15, wherein

each of said first and second conductors includes a contact portion for engaging

respective first and second plated holes of said first printed circuit board.

17. An interconnection assembly according to claim 16, wherein

each of said mating portions define a mating portion axis and each of said contact

portions define a contact portion axis, and said contact portion axes being offset from said

mating portion axis.



18. An intercorøeeioft assembly according to claim 16, wherein

each of said mating portions includes a central axis, each of said contact portions define a

central axis, and said central axes of said mating portions define a first distance therebetween

that is larger than a second distance defined between said central axes of said contact portions.

19. An interconnection assembly according to claim 14, wherein

said second axis is angled about 45 degrees with respect to said first axis.

20. An interconnection assembly according to claim 14, wherein

each pair of said signal conductors define a first distance between respective central axes

of said first and second conductors;

a second distance being defined between two adjacent pairs of said signal conductors,

wherein said second distance extends from a mid-point between said first and second conductors

of one of said pairs to a mid-point between said first and second conductors of the other of said

pairs, and

said second distance being larger than said first distance.














	front-page
	description
	claims
	drawings

