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ORTHOGONAL HEADER

BACKGROUND

[0001] In circuit board connector applications where adjacent lead contacts form a

signal pair, the spacing between the contact mounts at the circuit board may affect signal

integrity. For example, the spacing may affect skew, cross-talk, and impedance.

[0002] In some orthogonal applications, the contact mounts for a signal pair may

be oriented at a 45° angle to the contacts. For example, in an orthogonal mid-plane

architecture, two daughter boards, orthogonal to each other, may each connect to each side

of a mid-plane circuit board. The connectors may mount to the mid-plane through common

vias. Because each connector may provide a 45° difference between the contact mounts and

the contacts, the connectors that mate to the daughter boards may be 90° rotated relative to

each other. For each connector to achieve this 45° angle, each lead of a signal pair may

include an transverse offset, or bend, in opposite directions such that the transverse offset

matches the contact pitch.

[0003] Generally, connectors are manufactured in families with compatible

geometry such as common contact pitch. Where the transverse offset matches the contact

pitch, a single connector family lacks the flexibility to define a via spacing specific to the

signal integrity and physical design requirements of different applications. Thus, there is a

need for an orthogonal connector where the spacing between the contact mounts may be

varied independently of the contact pitch.



SUMMARY

[0004] An electrically-conductive contact for an electrical connector is disclosed

which may include a lead portion, an offset portion extending from an end of the lead

portion, and a mounting portion that may extend from a distal end of the offset portion. The

lead portion and the distal end of the offset portion may each define an imaginary plane.

The two imaginary planes may intersect at a non-zero, acute angle. The offset portion may

be curved.

[0005] An electrical connector is disclosed which may include a connector housing

securing two electrical contacts. Each electrical contact may include a lead portion, an

offset portion extending from an end of the lead portion, and a mounting portion that may

extend from a distal end of the offset portion. The lead portion and the distal end of the

offset portion may each define an imaginary plane. The two imaginary planes may

intersect. The lead portions of each contact may be aligned in an imaginary contact plane.

Each mounting portion may be positioned such that the intersection of the contact plane and

an imaginary line extending between the distal tips of each mounting portion defines a

substantially 45° angle as measured normal to the contact plane an imaginary line.

[0006] The distance between the respective mounting portions may be selected to

match the impedance of a complementary electrical independent of the distance between the

respective lead portions. The connector housing may define a mounting face for mounting

to a circuit board and the respective offset portions may be substantially flush with the

mounting face.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGs. IA and IB depict an illustrative electrical contact in front and side

views, respectively.

[0008] FIGs. 2A-C depict the bottom of an illustrative electrical connector in a

narrow configuration in bottom, close-up, and isometric views, respectively.

[0009] FIG. 3 depicts a illustrative circuit board layout for a narrow configuration.

[0010] FIGs. 4A-C depict the bottom of an illustrative electrical connector in a

wide configuration in bottom, close-up, and isometric views, respectively.

[0011] FIG. 5 depicts a illustrative circuit board layout for a wide configuration.



[0012] FIGs. 6A-C depict an illustrative electrical contact in front, side, and

bottom views, respectively.

[0013] FIG. 7A-B depicts the bottom of an illustrative electrical connector in an

intermediate configuration in bottom and close-up views, respectively.

DETAILED DESCRIPTION

[0014] One aspect of the present invention is the ability to change, tune, or

otherwise change the characteristic impedance of an orthogonal printed circuit board

connector footprint and maintain differential coupling through a connector housing. This

can be accomplished by keeping most of the connector the same, but change the

configuration, relative spacing, or orientation of the mounting portions of the differential

signal pairs. In a first configuration, such as shown in Fig. 2A, the mounting portions are

closer together, which increases capacitive coupling and lowers the impedance. In a second

configuration, such as shown in Fig. 4A, the mounting portions are spaced farther apart,

which raises the impedance as compared to the Fig. 2A embodiment. In a third

configuration, such as shown in Fig. 7A, the impedance can be adjusted between the FIG.

2A embodiment and the FIG. 7A embodiment.

[0015] For example, a method to adjust electrical characteristics of an orthogonal

printed circuit board connector footprint may comprise the steps of making a first electrical

connector comprising two electrically-conductive contacts aligned edge to edge to define a

differential signal pair and separated from one another by a first distance, making a second

electrical connector comprising two second electrically-conductive contacts aligned edge to

edge or broadside to broadside to define a second differential signal pair and also separated

from one another by the first distance, offsetting mounting portions of the two electrically-

conductive contacts a first distance with respect to each other to form a first connector

footprint that corresponds to a first substrate footprint with a first impedance and offsetting

second mounting portions of the two second electrically-conductive contacts a second

distance with respect to each other to form a second connector footprint that is different than

the first connector footprint and corresponds to a second substrate footprint with a second

impedance that is different than the first impedance. The method may also include the step

of making a third electrical connector that mates with both the first electrical connector and



the second electrical connector. The step of offsetting the second mounting portions of the

two second electrically-conductive contacts the second distance may further comprise the

steps of arranging the second mounting portions at a forty-five degree angle with respect to

a centerline passing coincident with lead portions of the two electrically-conductive

contacts, spacing the second mounting portions farther apart than the first distance, and/or

rotating each of the two second electrically-conductive contacts 180 degrees with respect to

the orientation of respective ones of the two electrically-conductive contacts.

[0016] FIGs. IA and IB depict an illustrative electrical contact 100 in front and

side views, respectively. The contact may include a lead portion 101 connected to an offset

portion 102. The contact may include a mounting portion 103 also connected to the offset

portion 102. The mounting portion 103 may define a distal tip 104. The contact 100 may

be made of an electrical conductive material such as metal. The contact 100 may be

manufactured by stamping and bending metal into the desired shape.

[0017] The lead portion 101 may extend from one end of the offset portion 102.

The mounting portion 103 may extend from the other end of the offset portion 102. The

lead portion 101 and the mounting portion 103 may extend in opposite directions.

[0018] The lead portion 101 and the mounting portion 103 may each define a

longitudinal axis. The offset portion 102 may define the distance between the two axes.

The offset portion 102 may be straight or curved. For example, the length and the shape of

the offset portion 102 may define the distance and relative position of the two axes.

[0019] Further, the offset portion 102 may extend from the end of the lead portion

101 in a first direction orthogonal to the longitudinal axis of the lead portion 101. The offset

portion 102 may extend from the mounting portion 103 in a second direction orthogonal to

the longitudinal axis of the mounting portion.

[0020] The mounting portion 103 may be suitable for mounting to a substrate, such

as a circuit board, for example. For example, the mounting portion 103 may be an eye-of-

the-needle configuration suitable for securing into vias within the circuit board. In another

embodiment, the mounting portion 103 may be suitable for a ball grid array (BGA). When

mounted to a circuit board, the offset portion 102 of the contact 100 may abut the upper

surface of the circuit board.



[0021] The lead portion 101 may be suitable for establishing an conductive

connection with a complementary contact. For example, the lead portion 101 may be a plug

contact or a receptacle contact.

[0022] The lead portion 101 and the mounting portion 103 may each define an

imaginary plane. The two imaginary planes may intersect. In one embodiment, the two

imaginary planes may intersect at a right angle. In another embodiment, the two imaginary

planes may intersect at a non-right angle. The non-right angle may be an acute angle or an

obtuse angle.

[0023] Generally, two instances of the contact 100 may be arranged in a signal pair

in an electrical connector. While the orientation of the respective mounting portions relative

to the respective lead portions may be suitable for an orthogonal application, the distance

between the respective mounting portions may be selected independent of the distance

between the respective lead portions. For example, the signal pair may be employed in

narrow, wide, or variable configurations.

[0024] FIGs. 2A-C depict the bottom of an illustrative electrical connector 200 in a

narrow configuration in bottom, close-up, and isometric views, respectively. Each contact

100A-B within the signal pair may face toward each other. For example, the first contact

IOOA of the signal pair may be rotated 180° with respect to the second contact 10 IB of the

signal pair such that their respective mounting portions 103A-B are between the respective

lead portions 101 A-B in a narrow configuration.

[0025] The connector 200 may be suitable for an orthogonal application. The

connector 200 may include signal contacts 100A-B and ground contacts 202 secured within

a connector housing 201. The connector housing 201 may be made of any non-conductive

material. For example, the housing 201 may be made from plastic. The connector housing

201 may have a mounting side and a mating side. The mating side (not shown) may be

suitable for engaging a complementary connector. The mounting side 205 may be suitable

for mounting the connector 200 to a circuit board. For example, the mounting portion

103A-B of each contact 100A-B may extend through the mounting side 205 of the

connector housing 201. The offset portion (not shown) of each contact 100A-B may be

flush to the mounting side 205 of the connector housing 201. When the connector 200 is

mounted to the circuit board, the offset portion (not shown) of each contact 100A-B may be



flush to the upper surface of the circuit board better maintaining impedance through the

connector and reducing the amount of impedance mismatch.

[0026] The lead portion 101 A-B of each signal contact 100A-B and each ground

contact 202 may be arranged in rows and columns. Each signal contact 100A-B may be

grouped into differential signal pairs. The distance between the lead portions 101 A-B of

each contact may be defined as the contact pitch.

[0027] Suitable for an orthogonal application, the connector 200 may enable the

lead portion 10 IA-B of each contact 100A-B to be oriented at a substantially 45° angle from

the respective mounting portions 103A-B. For example, an imaginary contact plane 111

may align the lead portion 101 A of the first contact IOOA and the lead portion 101B of the

second contact 10OB. An imaginary line 112 may extend from the distal tip 104A of the

mounting portion 103A of the first contact IOOA to distal tip 104B of the mounting portion

103B of the second contact 10OB. The contact plane and the imaginary line may interest at

an angle 110. The angle 110 measured normal to the contact plane may be substantially

45°. The angle may be substantially 45° within manufacturing tolerance.

[0028] Distance D l may be defined as the distance measured along the contact

plane between the center of the lead portion 101 A of the first contact IOOA and the center of

the lead portion 101B of the second contact 10OB. Distance D l may measure the contact

pitch as measured center-to-center.

[0029] Distance D2 may be defined as the length of the imaginary line 112.

Distance D2 may be selected independent of distance D2 such that the angle 110 is

maintained. Thus, the distance D2 may be selected according to signal integrity and/or

physical design requirements, while maintaining the geometry suitable for orthogonal

applications. Because distance D2 may be selected independent of distance Dl, connectors

of the same family, where contact pitch is defined for the connector family, may be

manufactured for specific applications such that distance D2 may be selected to match the

impedance of a specific complementary electrical device. In the configuration shown, D2

may represent the minimum hole-to-hole spacing for an orthogonal application with a D l

contact pitch. Such a configuration may allow for lower cross-talk, lower impedance, and

wider area for trace routing.

[0030] FIG. 3 depicts a illustrative circuit board layout 300 for a narrow

configuration. Vias 301 A-B, 302 may be holes in the circuit board 305 oriented for



mounting connector 200. For example, via 302 may be a hole within the circuit board 305

that receives the mounting portion of the ground contact 202, and via 301 A-B may be a hole

within the circuit board 305 that receives mounting portion 103A-B of the signal contacts

100A-B.

[0031] The circuit board layout 300 may define a distance D3 between vias 301A-

B. Distance D3 may match the distance D2. It may be desirable to select D3 on the basis of

signal integrity. For example, it may be desirable to select D3 on the basis of impedance

matching.

[0032] The circuit board layout 305 may define a distance D4 between rows of

vias 30 IA-B. Distance D4 may provide a width of circuit board that may be used for

conductive traces (not shown). It may be desirable to select distance D4 to ensure adequate

physical space for conductive traces. Accordingly, design requirements that influence

distance D3 and distance D4 may reflect various implementations for distance D2 of the

electrical connector.

[0033] FIGs. 4A and 4B depict the bottom of an illustrative electrical connector

400 in a wide configuration in isometric and bottom views, respectively. Signal contacts

100A-B and ground contacts 202 may be secured within a connector housing 404. In this

embodiment, each contact 100A-B within the signal pair may face away from each other.

For example, the first contact IOOA of the signal pair may be rotated 180° with respect to

the second contact IOOB of the signal pair such that their respective lead portions 101 A-B

are between the respective mounting portions 101 A-B in a wide configuration.

[0034] Also suitable for an orthogonal application, the connector 400 may enable

the lead portion 10 IA-B of each contact 100A-B to be oriented at a substantially 45° angle

from the respective mounting portions 103A-B. For example, an imaginary contact plane

4 11 may align the lead portion 101 A of the first contact IOOA and the lead portion 10 IB of

the second contact IOOB. An imaginary line 412 may extend from the distal tip 104A of the

mounting portion 103A of the first contact IOOA to distal tip 104B of the mounting portion

103B of the second contact IOOB. The contact plane and the imaginary line may interest at

an angle 410. The angle 410 measured normal to the contact plane may be substantially

45°. The angle may be substantially 45° within manufacturing tolerance.

[0035] Distance D5 may be defined as the distance measured along the contact

plane between the center of the lead portion 101 A of the first contact IOOA and the center of



the lead portion 101B of the second contact 10OB. Distance D5 may measure the contact

pitch as measured center-to-center.

[0036] Distance D6 may be defined as the length of the imaginary line 412.

Distance D6 may be selected independent of distance D5 such that the angle 110 is

maintained. Thus, the distance D6 may be selected according to signal integrity and/or

physical design requirements, while maintaining the geometry suitable for orthogonal

applications. Because distance D6 may be selected independent of distance D5, connectors

of the same family, where contact pitch is defined for the connector family, may be

manufactured for specific applications such that distance D6 may be selected to match the

impedance of a specific complementary electrical device. In the configuration shown, D6

may represent the maximum hole-to-hole spacing for an orthogonal application with a D5

contact pitch. Such a configuration may increase impedance.

[0037] FIG. 5 depicts a illustrative circuit board layout 500 for a wide

configuration. Vias 50 IA-B, 502 may holes in the circuit board 505 oriented for mounting

connector 400. For example, via 502 may be a hole within the circuit board 505 that

receives the mounting portion of the ground contact 202, and via 501 A-B may be a hole

within the circuit board 505 that receives mounting portion 103A-B of the signal contacts

100A-B.

[0038] The circuit board layout 500 may define a distance D7 between vias 50 IA-

B. Distance D7 may match the distance D6. It may be desirable to select D7 on the basis of

signal integrity. For example, it may be desirable to select D7 on the basis of impedance

matching.

[0039] The circuit board layout 505 may define a distance D8 between rows of

vias 501 A-B. Distance D8 may provide a width of circuit board that may be used for

conductive traces (not shown). It may be desirable to select D8 to ensure adequate physical

space for conductive traces. Accordingly, design requirements that influence distance D7

and distance D8 may reflect various implementations for distance D6 of the electrical

connector.

[0040] FIGs. 6A and 6B depict an illustrative electrical contact 600 in front, side,

and bottom views respectively. The contact 600 may be used for a variable width

configuration. The contact may include a lead portion 101 connected to an offset portion

602. The offset portion 602 may define a distal end 603. A mounting portion 103 may



extend from the distal end 603 of the offset portion 602. The lead portion 101 and the

mounting portion 103 may each define a longitudinal axis. The offset portion 602 may

define the distance and relative position of the two axes. The offset portion 602 may be

curved. The lead portion 101 may extend in a direction opposite the direction that the

mounting portion 103 extends.

[0041] The lead portion 101 may define a first imaginary plane 621. The distal

end 603 of the offset portion 602 may define a second imaginary plane 622. The first

imaginary plane 621 and the second imaginary plane 622 may intersect at an angle 623.

The angle 623 may be a non-right, acute angle, for example.

[0042] FIG. 7A-B depicts the bottom of an illustrative electrical connector 700 in

an intermediate configuration in bottom and close-up views, respectively. Signal contacts

600A-B and ground contacts 202 may be secured within a connector housing 701. Suitable

for an orthogonal application, the connector 700 may enable the lead portion 101 A-B of

each contact 100A-B to be oriented at a substantially 45° angle from the respective

mounting portions 103A-B. For example, an imaginary contact plane 7 11 may align the

lead portion 10 IA of the first contact IOOA and the lead portion 10 IB of the second contact

10OB. An imaginary line 712 may extend from the distal tip 104A of the mounting portion

103A of the first contact IOOA to distal tip 104B of the mounting portion 103B of the

second contact 10OB. The contact plane and the imaginary line may interest at an angle

710. The angle 710 measured normal to the contact plane may be substantially 45°. The

angle may be substantially 45° within manufacturing tolerance.

[0043] Distance D9 may be defined as the distance measured along the contact

plane between the center of the lead portion 101 A of the first contact IOOA and the center of

the lead portion 101B of the second contact 10OB. Distance D9 may measure the contact

pitch as measured center-to-center.

[0044] Distance DlO may be defined as the length of the imaginary line 712.

Distance D9 may be selected independent of distance DlO such that the angle 710 is

maintained. Thus, the distance DlO may be selected according to signal integrity and/or

physical design requirements, while maintaining the geometry suitable for orthogonal

applications. Because distance DlO may be selected independent of distance D9, connectors

of the same family, where contact pitch is defined for the connector family, may be

manufactured for specific applications such that distance DlO may be selected to match the



impedance of a specific complementary electrical device. DlO may be selected to be greater

than, equal to, or less than D9.

[0045] In this configuration, DlO may represent an intermediate hole-to-hole

spacing. DlO may be changed by varying the offset portion 602, resulting in variations in

impedance, cross-talk, and routing channel width independent of the contact pitch D9.



What is Claimed:

1. A method to adjust electrical characteristics of an orthogonal printed circuit board

connector footprint, comprising the steps of:

making a first electrical connector comprising two electrically-conductive contacts

aligned to define a differential signal pair and separated from one another by a first distance;

making a second electrical connector comprising two second electrically-conductive

contacts aligned to define a second differential signal pair and also separated from one

another by the first distance;

offsetting mounting portions of the two electrically-conductive contacts a first

distance with respect to each other to form a first connector footprint that corresponds to a

first substrate footprint with a first impedance; and

offsetting second mounting portions of the two second electrically-conductive

contacts a second distance with respect to each other to form a second connector footprint

that is different than the first connector footprint and corresponds to a second substrate

footprint with a second impedance that is different than the first impedance.

2. The method of claim 1, further comprising the step of making a third electrical

connector that mates with the first electrical connector and the second electrical connector.

3 . The method of claim 1, wherein the step of offsetting the second mounting portions

of the two second electrically-conductive contacts the second distance further comprises the

step of arranging the second mounting portions at a forty-five degree angle with respect to a

centerline passing coincident with lead portions of the two electrically-conductive contacts.

4. The method of claim 1, wherein the step of offsetting the second mounting portions

of the two second electrically-conductive contacts the second distance further comprises the

step of spacing the second mounting portions farther apart than the first distance.

5. The method of claim 1, wherein the step of offsetting the second mounting portions

of the two second electrically-conductive contacts the second distance comprises the step of



rotating each of the two second electrically-conductive contacts 180 degrees with respect to

the orientation of respective ones of the two electrically-conductive contacts.

6 . An electrical connector comprising:

a connector housing having secured therein a first electrical contact and a second

electrical contact, the first and second electrical contacts each comprising,

a respective lead portion that defines a first imaginary plane;

a respective offset portion that extends from an end of the lead portion, the

offset portion having a distal end that defines a second imaginary plane; and

a respective mounting portion that extends from the distal end of the

respective offset portion, the mounting portion defining a distal tip thereof,

wherein the lead portion of the first contact aligns with the lead portion of the second

contact to define an imaginary contact plane that forms a 45-degree angle, measured normal

to the contact plane, with an imaginary line extending from the distal tip of the mounting

portion of the first contact to the distal tip of the mounting portion of the second contact;

wherein a first distance defined between the center of the lead portion of the first

contact and the center of the lead portion of the second contact is different from a second

distance defined between the distal tip of the mounting portion of the first contact and the

distal tip of the mounting portion of the second contact projected normal to the contact

plane.

7 . The electrical connector of claim 6, where the distance between the mounting

portion of the first contact and the mounting portion of the second contact is selected to

match the impedance of a complementary electrical device.

8. The electrical connector of claim 6, wherein the connector housing comprises a

mounting face for mounting to a substrate, the offset portion of the first contact is flush with

the mounting face of the connector housing, and the offset portion of the second contact is

flush with the mounting face of the connector housing.

9. The electrical contact of claim 6, wherein the offset portions are curved.



10. The electrical contact of claim 6, wherein each mounting portion defines an eye-of-

the-needle configuration.

11. The electrical contact of claim 6, wherein the first distance is greater than the second

distance.

12. The electrical contact of the claim 6, wherein the first distance is less than the second

distance.
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