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SHIELDLESS, HIGH-SPEED, LOW-CROSS-TALK ELECTRICAL
CONNECTOR

BACKGROUND

[0001] Electrical connectors provide signal connections between electronic

devices using electrically-conductive contacts. In some applications, an electrical

connector provides a connectable interface between one or more substrates, e.g., printed

circuit boards. Such an electrical connector may include a header connector mounted to

a first substrate and a complementary receptacle connector mounted to a second

substrate. Typically, a first plurality of contacts in the header connector are adapted to

mate with a corresponding plurality of contacts in a receptacle connector.

[0002] Undesirable electrical signal interference between differential signal

pairs of electrical contacts increases as signal density increases, particularly in electrical

connectors that are devoid of metallic crosstalk shields. Signal density is important

because silicon chips are subject to heat constraints as clock speeds increase. One way

to achieve more signal throughput, despite the limitations of silicon-based chips, is to

operate several chips and their respective transmission paths in parallel at the same

time. This solution requires more backpanel, midplane, and daughter card space

allocated to electrical connectors.

[0003] Therefore, there is a need for an orthogonal differential signal

electrical connector with balanced mating characteristics that occupies a minimum

amount of substrate space yet still operates above four Gigabits/sec with six percent or

less of worst case, multi-active crosstalk in the absence of metallic crosstalk shields.

SUMMARY

[0004] An electrical connector comprising may include a plurality of electrically

isolated electrical contacts arranged at least partially coincident along a common

centerline, wherein adjacent, alternating contacts deflect in opposite directions by

corresponding blade contacts of a mating connector. An electrical connector may also

include a plurality of electrically isolated electrical contacts arranged at least partially



coincident along a common centerline, wherein at least two of the plurality of

electrically isolated electrical contacts each define a mating end that deflects in a first

direction transverse to the common centerline by corresponding blade contacts of a

mating connector. At least one of the plurality of electrically isolated electrical contacts

is adjacent to one of the at least two of the plurality of electrically isolated electrical

contacts and defines a respective mating end that deflects in a second direction

transverse to the common centerline and opposite to the first direction by a

corresponding blade contact of the mating connector. At least one of the plurality of

electrically isolated electrical contacts may include two adjacent electrically isolated

electrical contacts. At least two of the plurality of electrically isolated electrical

contacts may be adjacent to each other and the at least two of the plurality of

electrically isolated electrical contacts may each deflect in the first direction. The at

least one of the plurality of electrically isolated electrical contacts may include two

adjacent electrically isolated electrical contacts. The at least two of the plurality of

electrically isolated electrical contacts may include at least three electrically isolated

electrical contacts that are adjacent to each other and that each define a mating end that

deflects in a first direction transverse to the common centerline by corresponding blade

contacts of a mating connector. The at least one of the plurality of electrically isolated

electrical contacts could also include three adjacent electrically isolated electrical

contacts. The at least two of the plurality of electrically isolated electrical contacts may

include at least four electrically isolated electrical contacts that are adjacent to each

other and that each define a mating end that deflects in a first direction transverse to the

common centerline by corresponding blade contacts of a mating connector. The at least

one of the plurality of electrically isolated electrical contacts may include four adjacent

electrically isolated electrical contacts.

[0005] An electrical connector may also include an array of electrical contacts

with adjacent electrical contacts in the array paired into differential signal pairs along

respective centerlines. The differential signal pairs may be separated from each other

along the respective centerlines by a ground contact, wherein the electrical connector is

devoid of metallic plates and comprises more than eighty-two differential signal pairs

per inch of card edge, one of the more than eighty-two differential signal pairs is a

victim differential signal pair, and differential signals with rise times of 70 picoseconds



in eight aggressor differential signal pairs closest in distance to the victim differential

signal pair produce no more than six percent worst-case, multi-active cross talk on the

victim differential signal pair. The adjacent electrical contacts that define a differential

signal pair may be separated by a first distance and the differential signal pair may be

separated from the ground contact by a second distance that is greater than the first

distance. The second distance may be approximately 1.5 times greater than the first

distance, two times greater than the first distance, or greater than two times greater than

the first distance. Each electrical contact in the array of electrical contacts may include

a receptacle mating portion. The receptacle mating portions in the array of electrical

contacts may be circumscribed within an imaginary perimeter of about 400 square

millimeters or less. Each electrical contact in the array of electrical contacts may

include a receptacle compliant portion and the receptacle compliant portions in the

array of electrical contacts may be circumscribed within an imaginary perimeter of

about 400 square millimeters or less. The electrical connector may extend no more

than 20 mm from a mounting surface of a substrate. A pitch may be defined between

each of the centerlines of the contacts arranged in the first direction. The pitch between

each of the centerlines maybe approximately 1.2 mm to 1.8 mm.

[0006] An electrical connector may include a first electrical contact and a

second electrical contact positioned at least partially along a first centerline. The first

electrical contact may be adjacent to the second electrical contact, wherein the first

electrical contact defines a tail end that jogs in a first direction away from the first

centerline. The second electrical contact defines a tail end that jogs in a second

direction opposite the first direction. A third electrical contact and a fourth electrical

contact may be positioned at least partially along a second centerline that is adjacent to

the first centerline. The third electrical contact may be adjacent to the fourth electrical

contact, wherein the third electrical contact defines a tail end that jogs in a second

direction and the fourth electrical contact defines a tail end that jogs in the first

direction. The tail ends of the first and second electrical contacts may be in an

orientation that is the mirror image of the tail ends of the third and fourth electrical

contacts. The first and second electrical contacts may form a differential signal pair,

and the third and fourth electrical contacts may form a differential signal pair. The



electrical connector may further comprise a ground contact adjacent to the second

electrical contact along the first centerline.

[0007] A substrate may include a first electrical via and a second electrical via

positioned at least partially along a first centerline. The first electrical via may be

adjacent to the second electrical via. The first electrical via may jog in a first direction

away from the first centerline and the second electrical via may jog in a second

direction opposite the first direction. A third electrical via and a fourth electrical via

may be positioned at least partially along a second centerline that is adjacent to the first

centerline. The third electrical via may be adjacent to the fourth electrical via. The

third electrical via may jog in a second direction and the fourth electrical via may jog in

the first direction. The first and second electrical vias are preferably in an orientation

that is a mirror image of third and fourth electrical vias.

[0008] An electrical connector may comprise a differential signal pair

comprising a first electrical contact retained in a dielectric housing and a second

electrical contact retained in the housing adjacent to the first signal contact, wherein the

first electrical contact has a first length in the first direction, the second signal contact

has a second length in the first direction, the first length being less than the second

length, and an electrical signal in the second signal contact propagates through the

second length longer than the electrical signal in the first signal contact propagates

through the first length to correct skew from a mating differential signal pair in a

mating right angle connector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figs. IA and IB depict a vertical header connector and right-angle

receptacle connector.

[0010] Fig. 1C depicts a right angle receptacle housing that accepts receptacle

insert molded leadframe assemblies (IMLA) with six differential signal pairs and

related ground contacts per centerline.

[0011] Fig. ID depicts a vertical header connector with six differential signal

pairs and related ground contacts per centerline.

[0012] Fig. 2 depicts a vertical header connector and right-angle receptacle

connector mounted to respective substrates.



[0013] Fig. 3 depicts an orthogonal connector footprint and electrical contacts

positioned on the orthogonal footprint.

[0014] Figs. 4A and 4B are front and isometric views, respectively, of a right-

angle receptacle connector with a receptacle housing.

[0015] Figs. 5A and 5B are front and isometric views, respectively, of a right-

angle receptacle connector without a receptacle housing.

[0016] Figs. 6A and 6B are top and side views, respectively, of a four

differential signal pair IMLA for a right-angle receptacle connector.

[0017] Figs. 7A and 7B are front and isometric views, respectively, of a

receptacle housing.

[0018] Figs. 8A and 8B depict an EVILA being received into a receptacle

housing.

[0019] Fig. 9 is a side view of the mated electrical connectors depicted in

FIGs. IA and IB.

[0020] Figs. 1OA and 1OB depict an array of electrical contacts mating with a

first embodiment receptacle IMLA.

[0021] Figs. 1IA and 1IB depict an array of electrical contacts mating with a

second embodiment receptacle EMLA.

[0022] Figs. 12A and 12B depict an array of electrical contacts mating with a

third embodiment receptacle IMLA.

[0023] Figs. 13A and 13B depict an array of electrical contacts mating with a

fourth embodiment receptacle EvILA.

[0024] Fig. 14 depicts a mated right angle receptacle IMLA with plastic

dielectric material removed.

[0025] Fig. 15 is a detailed view of a portion of the right angle receptacle

EvILA of FIG. 14.

[0026] Fig. 16 depicts a header EvILA and a right angle receptacle EvILA.

[0027] Fig. 17 depicts an array of electrical contacts mating with right angle

electrical contacts.



DETAILED DESCRIPTION

[0028] Figs. IA and IB depict a first electrical connector 110 and a second

electrical connector 210. As shown, the first electrical connector 110 may be a vertical

header connector. That is, the first electrical connector 110 may define mating and

mounting regions that are parallel to one another. The second electrical connector 210

may be a right-angle connector, or some other suitable mating connector that mates

with first electrical connector 110. That is, the second electrical connector 210 may

define mating and mounting regions that are perpendicular to one another. Though the

embodiments depicted herein show a vertical header connector and a right-angle

receptacle connector, it should be understood that either the first or second electrical

connectors 110, 210 could be a vertical connector or a right-angle connector, either the

first or second electrical connectors 110, 210 could be a header connector or a

receptacle connector, and both of the first and second electrical connectors 110, 210 can

be mezzanine connectors.

[0029] The first and second electrical connectors 110 and 210 may be

shieldless high-speed electrical connectors, i.e., connectors that operate without

metallic crosstalk plates at data transfer rates at or above four Gigabits/sec, and

typically anywhere at or between 6.25 through 12.5 Gigabits/sec or more (about 80

through 35 picosecond rise times) with acceptable worst-case, multi-active crosstalk on

a victim pair of no more than six percent. Worst case, multi-active crosstalk may be

determined by the sum of the absolute values of six or eight aggressor differential

signal pairs (Fig. 3) that are closest to the victim differential signal pair. Rise time ~

0.35/bandwidth, where bandwidth is approximately equal to one-half of the data

transfer rate. Each differential signal pair may have a differential impedance of

approximately 85 to 100 Ohms, plus or minus 10 percent. The differential impedance

may be matched to the impedance of a system, such as a printed circuit board or

integrated circuit, for example, to which the connectors may be attached. The

connectors 110 and 210 may have an insertion loss of approximately - 1 dB or less up to

about a five-Gigahertz operating frequency and of approximately -2 dB or less up to

about a ten-Gigahertz operating frequency.

[0030] Referring again to Figs. IA and IB, the first electrical connector 110

may include a header housing 120 that carries electrical contacts 130. The electrical



contacts 130 include a header mating portion 150 and a header compliant portion 140.

Each of the header mating portions 150 may define a respective first broadside and a

respective second broadside opposite the first broadside. Header compliant portions

140 may be press-fit tails, surface mount tails, or fusible elements such as solder balls.

The electrical contacts 130 may be insert molded prior to attachment to the header

housing 120 or stitched into the header housing 120. Each of the electrical contacts 130

may have a material thickness approximately equal to its respective height, although the

height may be greater than the material thickness. For example, the electrical contacts

130 may have a material thickness of about 0.1 mm to 0.45 mm and a contact height of

about 0.1 mm to 0.9 mm. In an edge coupled arrangement along centerline CLl, the

adjacent electrical contacts 130 that define a differential signal pair may be equally

spaced or unevenly spaced from an adjacent ground contact. For example, the spacing

between a first differential signal contact and a second adjacent differential signal

contact may be approximately 1.2 to 4 times less than the spacing between the second

differential signal contact and an adjacent ground contact. As shown in Fig. ID, a

uniform X-direction centerline pitch CLl, CL2, CL3 of about 1 mm to 2 mm is desired

and an approximate 1 mm to 1.5 mm Y-direction centerline pitch CLA, CLB is desired,

with 1.2 mm, 1.3mm, or 1.4 mm preferred. The spacing between adjacent electrical

contacts 130 may correspond to the dielectric material between the electrical contacts

130. For example, electrical contacts 130 may be spaced more closely to one another

where the dielectric material is air, than they might be where the dielectric material is a

plastic.

[0031] With continuing reference to Figs. IA and IB, second electrical

connector 210 includes insert molded leadframe assemblies (EMLA) 220 that are

carried by a receptacle housing 240. Each IMLA 220 carries electrical contacts, such as

right angle electrical contacts 250. Any suitable dielectric material, such as air or

plastic, may be used to isolate the right angle electrical contacts 250 from one another.

The right angle electrical contacts 250 include a receptacle mating portion 270 and a

receptacle compliant portion 260. The receptacle compliant portions 260 may be

similar to the header compliant portions 140 and may include press-fit tails, surface

mount tails, or fusible elements such as solder balls. The right angle electrical contacts

250 may have a material thickness of about 0.1 mm to 0.5 mm and a contact height of



about 0.1 mm to 0.9 mm. The contact height may vary over the overall length of the

right angle electrical contacts 250, such that the mating ends 280 of the right angle

electrical contacts 250 have a height of about 0.9 mm and an adjacent lead portion 255

(Fig. 14) narrows to a height of about 0.2 mm. In general, a ratio of mating end 280

height to lead portion 255 (Fig. 14) height may be about five. The second electrical

connector 210 also may include an IMLA organizer 230 that may be electrically

insulated or electrically conductive. An electrically conductive IMLA organizer 230

may be electrically connected to electrically conductive portions of the DVILAs 220 via

slits 280 defined in the IMLA organizer 230 or any other suitable connection.

[0032] The first and second electrical connectors 110, 210 in Figs. IA and IB

may include four differential signal pairs and interleaved ground contacts positioned

edge-to-edge along centerline CLl. However, any number of differential signal pairs

can extend along centerline CLl. For example, two, three, four, five, six, or more

differential signal pairs are possible, with or without interleaved ground contacts. A

differential signal pair positioned along a centerline adjacent to centerline CLl may be

offset from a differential signal pair positioned along centerline CL2. Referring again to

Fig. IA, second electrical connector 210 has a depth D of less than 46 mm, preferably

about 35 mm, when the second electrical connector 210 includes EMLAs 220 having

eighteen right angle electrical contacts 250.

[0033] Fig. 1C depicts a receptacle housing 240A that is configured to receive

twelve IMLAs 220 (Figs. 6A, 6B), each having six differential pairs and interleaved

ground contacts positioned edge-to-edge along a common respective centerline CLl,

CL2, CL3. This is approximately eighteen right angle electrical contacts per IMLA,

with six right angle electrical contacts individually positioned/interleaved between the

differential signal pairs dedicated to ground. In this embodiment, the differential signal

pairs and interleaved ground contacts of each EVILA extend along respective centerlines

CLl, CL2, CL3, etc. in the Y direction and the centerlines CLl, CL2, CL3 are spaced

apart in the X direction. A receptacle mating region is defined by all of the receptacle

mating portions 270 (Fig. IA) that populate the X by Y area when the EVILAs are

attached to the receptacle header 240A. The centerline spacing between differential

pairs on centerlines CLl, CL2, and CL3 may be about 1 mm to 4 mm, with 1.5 mm or

1.8 mm centerline spacing preferred.



[0034] With continuing reference to Fig. 1C, the receptacle mating region of a

second electrical connector 210 configured with twelve IMLAs 220 each comprising

six differential pairs and interleaved ground contacts positioned edge-to-edge is

approximately 20 mm to 25 mm in length in the X direction by approximately 20 mm

to 27 mm in length in the Y direction. For example, a 20 mm by 20 mm receptacle

mating region in this embodiment includes approximately two hundred and sixteen

individual receptacle mating portions which can be paired into about seventy-two

differential signal pairs. The number of differential signal pairs per inch of card edge,

measured in the X direction, may be approximately eighty-four to eighty-five (more

than eighty-two) when the differential signal pairs are on 1.8 mm centerlines CLl, CL2,

CL3 and approximately 101 to 102 when the differential signal pairs are on 1.5 mm

centerlines CLl, CL2, CL3. The height or Y direction length and the depth D (Fig. IA)

preferably stays constant regardless of the centerline spacing or the total number of

IMLAs added or omitted.

[0035] Fig. ID shows a first electrical connector HOA with electrical contacts

130 arranged into six differential signal pairs S+, S- and interleaved ground contacts G

per centerline CLl, CL2, CL3. First electrical connector 11OA can mate with the

receptacle housing 240A shown in Fig. 1C.

[0036] As shown in Fig. 2, a header mating region the first electrical

connector 110 is defined by an imaginary square or rectangular perimeter P l that

intersects electrical contacts 1, 2, 3, 4 and includes the header mating portions 150

circumscribed by imaginary perimeter Pl. Although four centerlines CLl, CL2, CL3,

CL4 of twelve contacts are shown in Fig. 2, for a total of four differential signal pairs

and four interleaved ground contacts per centerline, the header mating region can be

expanded in total area by adding more centerlines of electrical contacts or more

electrical contacts 130 in the Y direction. For four differential signal pairs and

interleaved ground contacts per centerline, the number of differential signal pairs per

inch of card edge or X direction is approximately fifty-six at a 1.8 mm centerline

spacing and approximately sixty-eight at a 1.5 mm centerline spacing. The card pitch

between daughter cards stacked in series on a back panel or midplane is less than 25

mm, and is preferably about 18 mm or less. For five differential signal pairs and

interleaved ground contacts per centerline, the number of differential signal pairs per



inch of card edge X is approximately seventy-one differential signal pairs at a 1.8 mm

centerline spacing and approximately eight-five pairs at a 1.5 mm centerline spacing.

The card pitch is less than 25 mm, and is preferably about 2 1 mm. For six differential

signal pairs and interleaved ground contacts per centerline, the number of differential

signal pairs per inch is the same as discussed above. The card pitch is less than 35 mm,

and is preferably about 25 mm or less. An electrical connector with three differential

signal pairs and interleaved grounds per centerline fits within a 15 mm card pitch.

[0037] In general, the card pitch increases by about 3 mm for each differential

signal pair and adjacent ground contact added along a respective centerline in the Y

direction and decreases by roughly the same amount when a differential signal pair and

adjacent ground contact are omitted. Differential signal pairs per inch of card edge

increases by about fourteen to seventeen differential signal pairs for every differential

signal pair added to the centerline or omitted from the centerline, assuming the

centerline spacing and the number of centerlines remain constant.

[0038] With continuing reference to Fig. 2, a receptacle footprint of the

second electrical connector 210 is defined by an imaginary square or rectangular

perimeter P2 that passes through receptacle compliant portion tails 5, 6, 7, and 8 and

circumscribes receptacle compliant portions 260 within the P2 perimeter. The

receptacle footprint of the second electrical connector is preferably about 20 mm by 20

mm for a six differential signal pair connector. A non-orthogonal header footprint of a

mating six pair first electrical connector 110 is also preferably about 20 mm by 20 mm.

As shown in Fig. 2, the first electrical connector 110 may be mounted to a first

substrate 105 such as a backplane or midplane. The second electrical connector 210

may be mounted to a second substrate 205 such as a daughter card.

[0039] Fig. 3 is a front view of a connector and corresponding via footprint,

such as the first electrical connector HOA (Fig. ID) mounted onto the first substrate

105. The header housing 120 hidden in Fig. 3 for clarity. The first electrical connector

HOA includes electrical contacts 130 arranged along centerlines, as described above

and each header compliant portion 140 may include a respective tail portion 265.

However, the header compliant portions 140 and the corresponding footprint on the

first substrate 105 are both arranged for shared via orthogonal mounting through the

first substrate 105, such as a backplane or midplane. Tail portions 265 of a differential



signal pair 275 and the corresponding substrate via may jog in opposite directions with

respect to one another. That is, one tail portion and via of the differential signal pair

275 may jog in the X direction, and a second tail portion and via of a second contact of

the differential signal pair 275 may jog in the X- direction. The ground contacts G

adjacent to the differential signal pair may or may not jog with respect to the centerline

CLl.

[0040] More specifically, the tail portions 265 of the differential signal pairs

275 positioned along centerline CLl may have a tail and corresponding via orientation

that is reversed from the tail and corresponding via orientation of tail portions 265 of

differential signal pairs 285 positioned along an adjacent centerline CL2. Thus, the tail

portion 265 and corresponding via of a first contact of a first differential signal pair 275

positioned along first centerline CLl may jog in the X- direction. A tail portion 265

and corresponding via of a corresponding first contact of a second differential signal

pair 285 in a second centerline CL2 may jog in the X direction. Further, the tail portion

265 and corresponding via of a second contact of the first differential signal pair 275

positioned along the first centerline CLl may jog in the X direction, and a tail portion

265 and corresponding via of a second contact of the second differential signal pair 285

in the second centerline may jog in the X-direction. Thus, the tail portions 265 and

respective vias positioned along a first centerline CLl may jog in a pattern reverse to

the pattern of the tail portions 265 and respective vias of the terminal ends of contacts

positioned along centerline CL2. This pattern can repeat for the remaining centerlines.

[0041] The substrate via footprint and corresponding first electrical connector

HOA shown in Fig. 3 provides for at least six differential signal pairs 275, 285

positioned along each of the eleven centerlines CLl, CL2, CL3, etc. Each of the

centerlines additionally may include respective ground contacts/vias G disposed

between signal pairs of the centerline. The substrate may define a centerline pitch Pc

between adjacent centerlines CLl, CL2. The centerline pitch Pc of the substrate may

be one and a half times the via or electrical contact 130 spacing within a respective

centerline, for example. The first electrical connector 110 and vias preferably have a

square or rectangular footprint defined by an imaginary perimeter P3 that passes

through IA, IB, 1C, ID and circumscribes the header compliant portions 140 or



interior vias. Differential signal pairs A can be possible aggressor pairs and differential

signal pair V can be a possible victim differential signal pair.

[0042] Figs. 4A and 4B are front views of the second electrical connector 210

shown in Figs. IA and IB.

[0043] Figs. 5A and 5B are front and isometric views, respectively, of the

second electrical connector 210 shown in Figs. IA and IB without the receptacle

housing 240. As best seen without the receptacle housing 240, the receptacle mating

portions 270 of the right angle electrical contacts 250 may define lead portions 290 and

mating ends 280. The mating ends 280 may be offset from the centerline CLl to fully

accept respective header mating portions 150 of electrical contacts 130. That is, each

mating end 280 may be offset in a direction that is perpendicular to the direction along

which the centerline CLl extends. Alternate mating ends 280 may be offset in

alternating directions. That is, mating end 280 of a first one of the right angle electrical

contacts 250 may be offset from centerline CLl in a first direction that is perpendicular

to centerline CLl, and the mating end 280 of an adjacent right angle electrical contact

250 positioned along the same centerline CLl may be offset from the centerline CLl in

a second direction that is opposite the first direction. The mating ends 280 may bend

toward the centerline CLl. Thus, the mating ends 280 of the right angle electrical

contacts 250 may be adapted to engage blade-shaped header mating portions 150 (Fig.

1) of the first electrical contacts 130 from the first electrical connector 110, which, as

described above, may be aligned along a centerline coincident with the centerline CLl

shown in Fig. 5A.

[0044] Figs. 6A and 6B are top and side views, respectively, of an IMLA 220.

As shown in Fig. 6B, each leadframe contact 250 may define a lead portion 255 (Fig.

14) that extends between the receptacle mating portion 270 and the receptacle

compliant portions 260. The right angle electrical contacts 250 may define one or more

angles. Ideally, lengths of the right angle electrical contacts 250 that form a differential

signal pair 295 should vary by about 2 mm or less so that the signal skew is less than 10

picoseconds. DVILAs 220 may also include a respective tab 330 that may be defined in

a recess 340 in plastic dielectric material 301 or otherwise exposed. For example, the

dielectric material 310 may have a respective top surface 350 thereof. The recess 340



may be defined in the top surface 350 of the dielectric material 310 such that the tab

330 is exposed in the recess 340.

[0045] As shown in Fig. 6B, the dielectric material 310 may include one or

more protrusions 320. Each protrusion 320 may be an optional keying feature that

extends from the dielectric material 310 in a direction in which the IMLA 220 is

received into a cavity 380 (Fig. 7B) the receptacle housing 240 (Fig. 7B). It should be

understood that the EVlLA 220 could have cavities that accept protrusions similar to

protrusions 320 that extend from the receptacle housing 240 to minimize relative

motion perpendicular to the mating direction.

[0046] Figs. 7A and 7B are front and isometric views, respectively, of the

receptacle housing 240. As shown in Fig. 9A, the receptacle housing 240 may define

one or more mating windows 360, one or more mating cavities 370, and one or more

cavities 380. The receptacle housing 240 may further include walls 390 that separate

adjacent right angle electrical contacts 250 (Fig. IA) along a centerline to prevent

electrical shorting. Each of the mating windows 360 may receive, as shown in Fig. 8A,

a blade-shaped header mating portion 150 of a corresponding first electrical contact 130

from the first electrical connector 110 when the first electrical connector 110 and the

second electrical connector 210 are mated.

[0047] Referring again to Figs. 8A and 8B, a receptacle mating portion 270 of

a corresponding right angle electrical contact 250 from the second electrical connector

210 (Fig. IA) may extend into each of the mating cavities 370 and may pre-load the

offset mating ends 280. The mating cavities 370 may be offset from one another to

accommodate the offset mating ends 280 of right angle electrical contacts 250. Each of

the cavities 380 may receive a respective protrusion 320 (Fig. 6B). The receptacle

housing 240 may include latches 400 to secure the IMLAs 220, shown in Figs. 6A and

6B, into the receptacle housing 240.

[0048] A plurality of IMLAs 220 may be arranged in the receptacle housing

240 such that each of the EvILAs 220 is adjacent to another EvILA 220 on at least one

side. For example, the mating portions 270 of the right angle electrical contacts 250

may be received into the mating cavities 370. The IMLAs 220 may be received into the

mating cavities 370 until each of the respective protrusions 320 is inserted into a



corresponding cavity 380. The IMLA organizer 230 (Fig. 9) may then be assembled to

the IMLAs 220 to complete the assembly of the second electrical connector 210.

[0049] Fig. 9 is a side view of the mated electrical first and second electrical

connectors 110, 210 shown in Figs. I A and IB. As shown, each of the respective slots

280 that may be defined in a curved portion 410 of the EVlLA organizer 230 may

receive a respective tab 330 from the recess 340 in IMLAs 220. For example, each of

the tabs 330 may define a first side and a second side opposite of the first side.

[0050] Figs. 10A-15B depict an array of first electrical contacts 130 mating

and receptacle mating portions 270 of right angle electrical contacts 250. Each of the

blade-shaped header mating portions 150 of the first electrical contacts 130 from the

first electrical connector 110 (Fig. IA) may mate with a corresponding mating end 280

of a right angle electrical contact 250 EVILA 220 from the second electrical connector

210 (Fig. IA). Each of the mating ends 280 may contact a respective header mating

portion 150 in at least one place, and preferably at least two places.

[0051] As shown in Figs. 1OA and 1OB, the first broadsides of the blade-

shaped header mounting portions 150 of the first electrical contacts 130 may define a

first plane in a centerline direction CLD. The second broadsides of the blade- shaped

header mounting portions 150 of the first electrical contacts 130 may define a second

plane that may be offset from and parallel to the first plane. Some of the mating ends

280 of the receptacle mating portions 270 may physically contact the first broadside of

a corresponding blade-shaped header mating portion 150, but not second broadside of

the same blade-shaped header mating portion 150. The other mating ends 280 may

physically contact the second broadside of a corresponding header mating portion 150,

but not the first opposed broadside. Thus, a more balanced net force may be produced

when the first and second electrical connectors 110, 210 are mated.

[0052] Figs. 1IA and 1IB are similar to Figs. 1OA and 1OB. The EvILA 220A

carries right angle electrical contacts 250. However, in this embodiment two adjacent

mating ends 280 contact a respective first broadside of two adjacent header mating

portions 150 and two other adjacent mating ends 280 contact a respective second

broadside of two other adjacent header mating portions 150.

[0053] Figs. 12A and 12B are similar to Figs. 1OA and 1OB. The EvILA 220B

carries right angle electrical contacts 250. However, in this embodiment three adjacent



mating ends 280 contact a respective first broadside of three adjacent header mating

portions 150 and three other adjacent mating ends 280 contact a respective second

broadside of three other adjacent header mating portions 150.

[0054] Figs. 13A and 13B are similar to Figs. 1OA and 1OB. The IMLA 220C

carries right angle electrical contacts 250. However, in this embodiment four adjacent

mating ends 280 contact a respective first broadside of four adjacent header mating

portions 150 and four other adjacent mating ends 280 contact a respective second

broadside of four other adjacent header mating portions 150.

[0055] It should be understood that although Figs. 1OA through 13B

embodiments show adjacent mating ends 280 physically contacting opposite broadsides

of corresponding header mating portions 150 the header mating portions 150.

[0056] Fig. 14 shows a plurality of right angle electrical contacts 250 with

plastic dielectric material removed for clarity. The right angle electrical contacts 250

may include a plurality of differential signal pairs 420 and one or more electrically-

conductive ground contacts 450. Each right angle electrical contact 250 may define a

lead portion 255 that extends between the receptacle mating portion 270 and the

receptacle compliant portion 260. Where the second electrical connector 210 is a right-

angle connector, the lead portions 255 may define one or more angles. Each lead

portion 255 may have a respective length, L-r. The right angle electrical contacts 250

may have different lengths, as shown, which may result in signal skew. Ideally, the

lengths L-r of right angle electrical contacts 250 that form a differential signal pair 420

should vary by about lmm or less so that the signal skew is less than 10 picoseconds.

[0057] Portion 460 is shown in greater detail in Fig. 15. Fig. 15 is a detailed

view of the differential signal pair 420 and a ground contact 450 shown in Fig. 14. As

shown in Fig. 15, each of the differential signal pairs 420 may include a first signal

contact 430 and a second signal contact 440. The first and second signal contacts 430,

440 may be spaced apart by a distance D l such that the first and second signal contacts

430, 440 are tightly electrically coupled to one another. The gap between the first

signal contact 430 and the second signal contact 440, in plastic, may be about 0.2 to 0.8

mm depending on the height and material thickness of the contacts. A gap of about

0.25 mm to 0.4 mm is preferred. In air, the gap may be less. The adjacent ground

contact 450 may be spaced apart by a distance D2 from the differential signal pair



within the IMLA 220. The distance D2 may be approximately 1.5 to 4 times the

distance D l . The D2 distance between the second signal contact 440 and the ground

contact 450, may be approximately 0.3 to 0.8 mm in plastic. A D2 distance of about 0.4

mm is preferred. In air, the values may be smaller. As discussed above, the height or

width of the first signal contact 430 and the second signal contact 440 may be

approximately equal to the material thickness, although it may be greater than a

material thickness. For example, the height may vary between about 0.1 mm to 0.9

mm.

[0058] The ground contact 450 may be similar in dimensions to the first and

second signal contacts 430, 440 to optimize spacing between signals contacts and

grounds to produce an electrical connector with a differential signal pair density greater

than eighty-two differential signal pairs per inch of card edge, and a stacked card pitch

distance of less than about 35 mm or 3 1 mm (about 25 mm preferred), and a back panel

to rear connector length of less than about 37 mm (about 35 mm preferred) hi

addition, a second electrical connector with right angle electrical contacts and more

than eighty-two differential pairs per inch of card edge and the associated interleaved

ground contacts 450 rises less than 20 mm from a daughter card mounting surface and

only occupies about 400 square millimeters of daughter card surface area.

[0059] Fig. 16 shows that the electrical contacts 130 of the first electrical

connector 110 may have an insert molded housing 480 adjacent to the header mating

portions 150. The insert molded housing 480 may hold electrical contacts 130 of

differing electrical and physical lengths.

[0060] Fig. 17 depicts the array of electrical contacts 130 and the IMLA 220

in Fig. 16 without the insert molded housing 480. The electrical contacts 130 may

define a respective header lead portions 135 between each of the header compliant

portions 140 and each of the header mating portions 150. The header lead portions 135

of adjacent contacts may vary in length. For example, a first electrical contact 470 may

have a header lead portion 135 with a first physical and electrical length L l and a

second electrical contact 480 adjacent to the first electrical contact 470 may have a

header lead portion 135 of a second physical and electrical length L2. In an example

embodiment, the first length L l may be less than the second length L2 to correct for

skew in third and fourth electrical contacts 490 and 500.



[0061] For example, third electrical contact 490 may have a third physical and

electrical length L3 and a fourth electrical contact 500 adjacent to the third electrical

contact 490 may have a fourth physical and electrical length. In an example

embodiment, the fourth physical and electrical length may be less than the third length.

The third electrical contact 490 may be mated to the first electrical contact 470 and the

fourth electrical contact 500 may be mated with the second electrical contact 480 such

that the summation of the first physical and electrical length and the third physical and

electrical length may be approximately equal to the summation of the second physical

and electrical length and the fourth physical and electrical length. That is, the total

electrical length between two contacts in a differential signal pair may be corrected for

skew.



What is Claimed:

1. An electrical connector comprising:

a plurality of electrically isolated electrical contacts arranged at least partially

coincident along a common centerline, wherein adjacent, alternating contacts deflect in

opposite directions by corresponding blade contacts of a mating connector.

2. An electrical connector comprising:

a plurality of electrically isolated electrical contacts arranged at least partially

coincident along a common centerline, wherein at least two of the plurality of

electrically isolated electrical contacts each define a mating end that deflects in a first

direction transverse to the common centerline by the corresponding blade contacts of

the mating connector, at least one of the plurality of electrically isolated electrical

contacts is adjacent to one of the at least two of the plurality of electrically isolated

electrical contacts and defines a respective mating end deflects in a second direction

transverse to the common centerline and opposite to the first direction by a

corresponding blade contact of the mating connector, and at least one of the plurality of

electrically isolated electrical contacts comprises two adjacent electrically isolated

electrical contacts that deflect in opposite directions.

3. The electrical connector as claimed in claim 2, wherein the at least two of the

plurality of electrically isolated electrical contacts are adjacent to each other and the at

least two of the plurality of electrically isolated electrical contacts each deflect in the

first direction.

4. The electrical connector as claimed in claim 3, wherein the at least one of the

plurality of electrically isolated electrical contacts comprises two adjacent electrically

isolated electrical contacts.

5. The electrical connector as claimed in claim 2, wherein the at least two of the

plurality of electrically isolated electrical contacts comprises at least three electrically

isolated electrical contacts that are adjacent to each other and that each define a mating



end that deflects in a first direction transverse to the common centerline by

corresponding blade contacts of a mating connector.

6 . The electrical connector as claimed in claim 5, wherein the at least one of the

plurality of electrically isolated electrical contacts comprises three adjacent electrically

isolated electrical contacts.

7. The electrical connector as claimed in claim 2, wherein the at least two of the

plurality of electrically isolated electrical contacts comprises at least four electrically

isolated electrical contacts that are adjacent to each other and that each define a mating

end that deflects in a first direction transverse to the common centerline by

corresponding blade contacts of a mating connector.

8. The electrical connector as claimed in claim 7, wherein the at least one of the

plurality of electrically isolated electrical contacts comprises four adjacent electrically

isolated electrical contacts.

9 . An electrical connector comprising:

an array of electrical contacts with adjacent electrical contacts in the array

paired into differential signal pairs along respective centerlines, the differential signal

pairs separated from each other along the respective centerlines by a ground contact,

wherein the electrical connector is devoid of metallic plates and comprises more

than eighty-two differential signal pairs per inch of card edge, one of the more than

eight-two differential signal pairs is a victim differential signal pair, and differential

signals with rise times of 70 picoseconds in eight aggressor differential signal pairs

closest in distance to the victim differential signal pair produce no more than six

percent worst-case, multi-active cross talk on the victim differential signal pair.

10. The electrical connector as claimed in claim 9, wherein the adjacent electrical

contacts that define a differential signal pair are separated by a first distance and the

differential signal pair is separated from the ground contact by a second distance that is

greater than the first distance.



11. The electrical connector as claimed in claim 10, wherein the second distance is

approximately 1.5 times greater than the first distance.

12. The electrical connector as claimed in claim 10, wherein the second distance is

approximately two times greater than the first distance.

13. The electrical connector as claimed in claim 10, wherein the second distance is

greater than two times greater than the first distance.

14. The electrical connector as claimed in claim 9, wherein each electrical contact

in the array of electrical contacts comprises a receptacle mating portion and the

receptacle mating portions in the array of electrical contacts are circumscribed within

an imaginary perimeter of about 400 square millimeters or less.

15. The electrical connector as claimed in claim 9, wherein each electrical contact

in the array of electrical contacts comprises a receptacle compliant portion and the

receptacle compliant portions in the array of electrical contacts are circumscri bed

within an imaginary perimeter of about 400 square millimeters or less.

16. The electrical connector as claimed in claim 9, wherein the electrical connector

extends no more than 20 mm from a mounting surface of a substrate.

17. The electrical connector as claimed in claim 9, wherein a pitch is defined

between each of the centerlines of the contacts arranged in the first direction.

18. The electrical connector as claimed in claim 17, wherein the pitch between each

of the centerlines is approximately 1.2 mm to 1.8 mm.

19. An electrical connector, comprising:

a first electrical contact and a second electrical contact positioned at least

partially along a first centerline, the first electrical contact adjacent to the second

electrical contact, wherein the first electrical contact defines a tail end that jogs in a first



direction away from the first centerline and the second electrical contact defines a tail

end that jogs in a second direction opposite the first direction; and

a third electrical contact and a fourth electrical contact positioned at least

partially along a second centerline that is adjacent to the first centerline, the third

electrical contact adjacent to the fourth electrical contact, wherein the third electrical

contact defines a tail end that jogs in a second direction and the fourth electrical contact

defines a tail end that jogs in the first direction,

wherein the tail ends of the first and second electrical contacts are in an

orientation that is the mirror image of the tail ends of the third and fourth electrical

contacts.

20. The electrical connector as claimed in claim 19, wherein the first and second

electrical contacts form a differential signal pair, and wherein the third and fourth

electrical contacts form a differential signal pair.

21. The electrical connector as claimed in claim 19, further comprising a ground

contact adjacent to the second electrical along the first centerline.

22. A substrate comprising:

a first electrical via and a second electrical via positioned at least partially along

a first centerline, the first electrical via adjacent to the second electrical via, wherein the

first electrical via jogs in a first direction away from the first centerline and the second

electrical via jogs in a second direction opposite the first direction; and

a third electrical via and a fourth electrical via positioned at least partially along

a second centerline that is adjacent to the first centerline, the third electrical via

adjacent to the fourth electrical via, wherein the third electrical via jogs in a second

direction and the fourth electrical via jogs in the first direction,

wherein the first and second electrical vias are in an orientation that is a mirror

image of third and fourth electrical vias.

23. An electrical connector comprising:



a differential signal pair comprising a first electrical contact retained in a

dielectric housing and a second electrical contact retained in the housing adjacent to the

first signal contact,

wherein (i) the first electrical contact has a first length in the first direction, (ii)

the second signal contact has a second length in the first direction, (iii) the first length

being less than the second length, and (iv) an electrical signal in the second signal

contact propagates through the second length longer than the electrical signal in the first

signal contact propagates through the first length to correct skew from a mating

differential signal pair in a mating right angle connector.

24. The electrical connector as claimed in claim 23, wherein the electrical connector

is devoid of metallic plates.
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