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EDGE AND BROADSIDE COUPLED CONNECTOR

FIELD OF THE APPLICATION

[0001] This application relates to electrical connectors, and more particularly,

to high speed, shieldless electrical connectors.

BACKGROUND

[0002] Electrical connector systems often include a receptacle connector and a

plug connector. The receptacle connector has a plurality of receptacle contacts for

receiving a plurality of plug or pin contacts. The receptacle connector and plug

connector are mated together to form a connector system. When the plug and

receptacle connectors are mated, the plug contacts are inserted into the receptacle

contacts and an electrical connection is formed between each plug contact and a

corresponding receptacle contact.

[0003] A connector system often comprises a plurality of electrical contacts

placed in close proximity. Contacts in close proximity sometimes exhibit electrical

cross-talk which interferes with signal transmission. Therefore, it is desirable to

minimize the crosstalk between contacts.

SUMMARY

[0004] Applicants disclose a shieldless electrical connector with L-shaped,

mirror image signal contacts. Several unique contact configurations allow single ended

and differential signal transmission with minimal cross talk between adjacent contacts.

One feature is tight edge coupling along a substantial length of each differential signal

.pair. In addition, another feature is simultaneous edge and broadside coupling between

signal contacts in a differential signal pair.

[0005] In an illustrative embodiment, an electrical connector comprises a first

signal contact having an L-shaped body portion, a first contact arm connected to a first

end of the L-shaped body portion, and a second contact arm also connected to the first



end of the L-shaped body portion. The second contact arm is positioned at an angle

with respect to the first contact arm.

[0006] The illustrative electrical connector further comprises a second signal

contact likewise having an L-shaped body portion, a first contact arm connected to a

first end of the L-shaped body portion, and a second contact arm also connected to the

first end of the L-shaped body portion. The second contact arm is positioned at an

angle with respect to the first contact arm.

[0007] With respect to each of the first signal contact and the second signal

contact, the first contact arm and the second contact arm define a plug contact receiving

space there between, and the L-shaped body extends from a first end to a second end

opposite the first end.

[0008] For each of the first signal contact and the second signal contact, the L-

shaped section comprises a first broadside portion having a first edge and a second

broadside portion positioned at an angle relative to said first broadside portion. The

first edge of the first signal contact is positioned proximate and opposite the first edge

of the second signal contact, thereby electrically edge coupling (in the absence of a

ground/reference plane) the contacts. Furthermore, the edges of the L-shaped body

may extend along the entire length of the body and along one of the contact arms.

Thus, the edge coupling may span the entire length of the connector. A mating

connector may also have edge coupled contacts in a dielectric, so that edge coupling is

maintained over an entire communication path.

[0009] For each of the first signal contact and the second signal contact, the

second broadside portion may be positioned at approximately 90 degrees relative to the

first broadside portion. The second broadside portions of the first signal contact and

the second signal contact are generally parallel to each other and provide electrical

broadside coupling (in the absence of a ground/reference plane) between the two

contacts.

|0010] An illustrative connector may further comprise a plug portion

comprising a first plug contact and a second plug contact. Each of the plug contacts

comprise a leverage arm that has an edge. The edge of the leverage arm of the first

plug contact is positioned proximate and opposite the edge of the leverage arm of the

second plug contact, thereby resulting in electrical edge coupling between the plug



contacts. The first plug contact is interfaced with the first signal contact and the second

plug contact is interfaced with the second signal contact. The edges of the leverage

arms of the first and second plug contacts extend at least to the edges of the first and

second signal contacts respectively. The juxtaposition of edges in the signal contact

and the plug contact results in edge coupling through the entire length of the connector

path, i.e. across the receptacle contact and into the plug contact.

[0011] The first arm and the second arm of the signal contacts may have

contact points or tips for interfacing with the plug contacts. When the plug contacts are

positioned in the recess formed between the arms, the contact points form a physical

and electrical contact with the plug contact. The first arm and second arm of each of

the signal contacts may be disposed at substantially 90 degrees relative to each other.

The plug contacts may be inserted into the recess such that a broadside of the contact is

positioned at substantially 45 degrees relative to contact arms.

[0012] The signal contacts may be formed in insert molded lead frame

assemblies (IMLA). Adjacent contacts in adjacent IMLAs can be designated as

differential pairs, differential pairs separated by ground pairs, single ended ground-

signal-ground configurations, signal-ground-signal configurations, or other suitable

arrangements. The L-shaped contacts may be positioned very close together, e.g. such

as an estimated 0.3-0.4mm separation in air and an estimated separation of

approximately 0.4-0.8mm in plastic, so that one broadside portion of each L-shape

contact is electrically edge coupled to an adjacent L-shaped contact. The edge-coupled

portions of adjacent contacts lie generally in a first imaginary plane, and the remaining

broadside contact portions lie in generally parallel imaginary planes that are transverse

to the first imaginary plane. The two contact portions that lie in the generally parallel

imaginary planes may terminate in board mount, such as a press-fit pin or a BGA

surface mount. The geometry of the contacts allows two complementary contacts

within a mated differential pair to have the same overall length, which reduces signal

skew. In addition, the signal contacts may form a female mating interface without flair,

and the mounting ends of the contacts may be formed so as to accommodate PCB vias

and trace routing. The offset contact arms create a tuning fork mating interface with

two opposed contact points that provide a consistent and effective physical and



electrical connection with plug contacts oriented more or less than 90 and 180 degrees

with respect to imaginary x-y axes intersecting at a center origin of the plug body.

[0013] An illustrative connector may operate above a 1.5 Gigabit/sec data

rate, and preferably above 10 Gigabit/sec, such as at 250 to 30 picosecond rise times.

Multi-active, worst case crosstalk between differential signal pairs may be generally six

percent or less. Impedance may about lOO±lO Ohms. Alternatively, impedance may

be about 85±10 Ohms or some other system impedance. There are preferably no

shields between differential signal pairs. Air or plastic can be used as a dielectric

material.

[001 4] Additional features of illustrative embodiments are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing summary and the following additional description of the

illustrative embodiments may be better understood when read in conjunction with the

appended drawings. The potential embodiments of the disclosed systems are not

limited to those depicted.

In the drawings:

[0016] Figure 1 is a perspective view an illustrative electrical connector

system;

[0017] Figure 2 is a perspective view of an illustrative electrical connector

system with an electrical plug aligned for insertion into a receptacle;

[0018] Figure 3 is a perspective view of an illustrative plug;

[0019] Figure 4 is a perspective view of an illustrative plug;

[0020] Figure 5 is a perspective view of an illustrative receptacle connector;

[0021] Figure 6 is a perspective view of an illustrative receptacle connector;

[0022] Figure 7 is a perspective view of an illustrative insert molded lead

frame assembies;

[0023] Figure 8 is a perspective view of a plurality of illustrative receptacle

lead frames;

[0024] Figure 9 is a perspective view of a plurality of illustrative receptacle

lead frames;

[0025] Figure 10 is a perspective view of a plurality of illustrative receptacle

contacts with plug contacts interfaced therewith; and



[0026] Figure 11 is a sectional view of the receptacle contacts shown in

Figure 10.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0027] Figures 1 and 2 provide perspective views of an illustrative electrical

connector system comprising plug 10 and receptacle 12. As shown in Figure 1, plug 10

is fully inserted into receptacle 12. In Figure 2, plug 10 is aligned for insertion into

receptacle 12. Plug 10 and receptacle connector 12 may be used to make electrical

interconnections between printed circuit boards, backpanel applications, or other

suitable electronic systems or devices.

[0028] Plug 10 comprises plug housing 20 and a plurality of plug contacts 22

(Fig. T). Plug contact tails 24 extend from a side of housing 20 and are suitable for

electrical connection with an electronic system such as, for example, a printed circuit

board or functionally similar device.

[0029] Receptacle 12 comprises receptacle housing 30, a plurality of

receptacle electrical contacts (not shown), and insert molded-lead frame assemblies 32.

Receptacle housing 30 has a plurality of apertures 34 formed therein. A plurality of

receptacle electrical contacts (not shown) are positioned, at least in part, in apertures 34

(Fig. 2). When plug 10 is inserted into receptacle 12, plug contacts 22 are inserted into

apertures 34 and interface with receptacle electrical contacts. Receptacle electrical

contact tails 36 extend from a side of contact modules 32 and are suitable for electrical

connection with an electronic system such as, for example, a printed circuit board or

functionally similar device.

[0030] Figures 3 and 4 provide isolated perspective views of plug 10. As

shown, a plurality of plug contacts 22 extend from a side of plug housing 20. Plug

contact tails 24 (Fig. 3) extend from another side of housing 20. Each plug contact 22

comprises a first substantially fiat broadside surface 26 and a second substantially

broadside flat surface 28. The first substantially flat, elongated surface 26 and second

substantially flat, elongated surface 28 form opposing sides of contacts 22, and extend

substantially parallel to each other. In an embodiment, elongated broadside surfaces

26, 28 of plug contacts 22 may be about 0.2 - 0.9 mm wide, and may have a thickness

of about 0.2 —0.7 mm. Plug contacts 22 comprise an arm 29 for receiving a force to



insert contact 22 into housing 20. Arms 29 extend at least through housing 20. Arms

29 have edges 3 1, and as shown in Figures 3 and 4, edges 31 of adjacent contacts 22

may be positioned proximate and opposite each other. In other words, arms 29 of

adjacent contacts 22 may be tightly electrically edge coupled through the housing 20 so

as not to require electrical shielding to prevent/minimize crosstalk. Further, and as

described in connection with Figure 11, when plug contacts 22 are interfaced with

receptacle contacts 42, edges 3 1 of contacts 22 may extend to at least the ends of

receptacle contacts 42 so as to provide electrical edge coupling across a 100 to 80

percent majority of the communication path.

[0031] Referring to Figures 3 and 4, housing 20 may be manufactured from

any suitable material such as, for example, a high temperature thermoplastic or

functionally similar material. Plug contacts 22 may be formed from a conducting

material such as, for example, phosphor bronze or beryllium copper.

[0032] In an exemplary embodiment, three pairs of plug contacts 22 extend

from housing 20. As shown, in an embodiment, for each pair of plug contacts 22

(denoted by circles in Figure 4), contacts 22 are disposed substantially 90 degrees

relative to each other. However, other angles greater than 90 degrees and less than 90

degrees are contemplated. Each pair of contacts 22 may correspond to a differential

pair of electrical signals. Those skilled in the art recognize that plug contacts 22 may

be used to carry any electrical signals including ground signals. In an embodiment

wherein the contacts are employed to communicate differential pair signals, it is

believed that contacts 22 and 42 may carry 50 to 2000 (10-90 percent) picosend rise

time signals and convey 1-10 Gigabit/sec of data without the use of internal crosstalk

shields positioned between IMLA' s 32 and without changing spacing between rows or

columns of contacts. Alternatively, internal or external shielding may also be used.

Multi-active, worst case cross talk is possibly six percent or less. Differential

impedance is matched to a system impedance of about 100 plus-or-minus 10 Ohms, 85

plus-or-minus 10 Ohms, or some other acceptable differential impedance.

[0033] Figures 5 and 6 provide perspective views of receptacle connector 12.

As shown, receptacle housing 30 has a plurality of apertures 34 formed therein for

accepting plug contacts 22 (Figure 4). Receptacle electrical contacts are situated in

apertures 34 of housing 30 and interface with plug contacts 22 upon insertion of plug



10 into receptacle 12. The plurality of apertures 34 extend through housing 30 and

accept a portion of receptacle electrical contacts that extend from IMLAs 32.

Receptacle housing 30 may be manufactured from a plastic material such as a high

temperature thermoplastic or any other suitable material.

[0034] Figure 7 provides a perspective view of two receptacle IMLAs 32. As

shown, in an illustrative embodiment, each of modules 32 comprises a module body 40

and a plurality of arm portions of receptacle electrical contacts 42 that extend there

from. Receptacle electrical contacts 42 are aligned with apertures 34 (Figure 5) formed

in receptacle housing 30. Receptacle electrical contacts 42 may be arranged in rows in

body 40. Receptacle electrical contact tails 36 extend from a different side of module

body 40 and may have any configuration and composition suitable for connection to an

electrical system or device, such as a BGA or press fit. Receptacle electrical contacts

42 may be formed from a conducting material such as, for example, phosphor bronze or

beryllium copper. The receptacle contacts may have a material thickness of about 0.2

to 0.7 mm, and the distance between contact arms (discussed below) is approximately

equal to the material thickness of the associated plug contact 22. Module body 40 may

be manufactured from any suitable material such as, for example, high temperature

thermoplastic or similar material.

[0035] Figure 8 provides an isolated perspective view of several receptacle

electrical contacts 42 without module bodies 40. It is contemplated that potential

embodiments may use plastic or air as a dielectric. Figure 9 provides an isolated

perspective view of three receptacle electrical contacts 42 without module body 40.

Each receptacle electrical contact 42 comprises contact tail 36 and body or base portion

46. Body portion 46 may be generally L-shaped from a first end 43 to a second end 44.

In other words, body portion 46 may comprise a first broadside portion 47 and a second

broadside portion 48. The broadside portions 47, 48 may be formed at approximately

90 degrees relative to each other so as to form an L-shape cross section. The contacts

42 may be positioned in pairs so that each contact 42 in an IMLA 32 has a

corresponding contact 42 in an adjacent IMLA 32. The L-shaped contacts may be

positioned very close together, e.g., with an approximate 0.3-.0.4mm separation in air

and an approximate 0.4-0.8mm separation in plastic. The contact pairs may be

employed to carry numerous signal types including, for example, differential pairs.



Further, the contacts may be positioned such that an edge 49 of the first broadside

portion 47 is positioned opposite and adjacent to edge 49 of the first broadside portion

47 of an adjacent contact 42. The adjacent edges 49 provides for electrical edge

coupling between the adjacent signal contacts 42 from the first end 43 to the second

end 44 of the signal contact 42. Furthermore, second broadside portion 48 in adjacent

contact signals 42 are generally formed in parallel, but offset planes and thereby

provide electrical broadside coupling through the length of body 46.

[0036] Projecting from interface body 46 are a first electrical contact arm 50

and a second electrical contact arm 52. Electrical contact arms 50, 52 each have a

length dimension and a width dimension. Electrical contact arms 50, 52 extend

substantially parallel in a lengthwise direction (i.e., a first dimension) from body 46.

With respect to the width dimension (i.e., a second dimension), contact arms 50 and 52

extend transverse to one another, such as, for example, approximately 90 degrees

relative to each other. A first electrical contact arm 50 may have an edge 51 that is

positioned opposite and proximate to the corresponding edge 5 1 in the adjacent signal

contact 42. Edge 5 1 may be a continuation of edge 49 formed in first broadside portion

47 of body 46. Thus, the electrical edge coupling between adjacent contacts 42 may

extend from first end 43 to the end of contact arm 50. Furthermore, second contact arm

52 may be formed parallel to and integral with second broadside portion 48 of base 46

and thereby continue the electrical broadside coupling provided by broadside portion

48 from beginning end 43 to the end of contact arm 52.

[0037] Contact arms. 50 and 52 of receptacle electrical contacts 42 comprise

elongated minor surface 54 and 56, respectively. Elongated minor surfaces 54 and 56

extend substantially parallel to each other in a lengthwise dimension from interface

base 48. In one embodiment, elongated minor surface 54 and 56 comprise edges of

arms 50 and 52. Elongated minor surfaces 54 and 56 define a recess 58 there between,

with an opening 60 located at one end and interface base 48. Arms 50, 52 may have

contact tips or points 62 projecting from surfaces 54, 56 for enhancing the physical and

electrical interface between arms 50, 52 and plug contacts 22. Recess 58 is of

sufficient width to accommodate therein the width of plug contact 22.

[0038] Figure 10 provides an isolated perspective view of plug contacts 22

interfaced with receptacle electrical contacts 42. Figure 11 shows plug contacts 22



interfaced with receptacle electrical contacts 42. Plug contacts 22 are inserted into

recess 58 formed between first minor surface 54 and second minor surface 56. For

each receptacle electrical contact 42, contact tips 62 interface with substantially flat

surface 26 and second substantially flat surface 28 of plug contacts 22. Thus, a point of

contact 62 is provided on each of opposing sides 26 and 28 of plug contacts 22 and

thereby provides a dependable and consistent electrical connection. In the embodiment

depicted in Figure 10, plug contacts 22 are positioned substantially at 45 degrees

relative to the first contact arm 50, second contact arm 52. Other angles greater than

zero degrees and less than ninety degrees may be employed.

[0039] Leverage arm 29 and its edge 31 of plug contact 22 may extend at least

as far as contact arm 50, and may overlap with contact arm 50 and edge 51. This

juxtaposition or overlapping of edges31 and 5 1 provides electrical edge coupling across

the length of the electrical interface.

[0040] Thus, applicants have disclosed an electrical connector that provides

for electrical edge coupling between adjacent contacts. The electrical edge coupling

may be carried from a first end of the receptacle connector to the opposing tip of the

receptacle. Electrical broadside coupling may also be provided from the first end to the

opposing tip of the receptacle. Furthermore, electrical edge coupling may be carried

through the receptacle and plug interface by positioning or overlapping edges. An

illustrative embodiment may greatly reduce the crosstalk (to less than or equal to 6%) at

high data rates with low signal rise times. Also, an illustrative embodiment may

provide a consistent and reliable interface between plug and receptacle contacts.

[0041] It is noted that the foregoing examples have been provided merely for

the purpose of explanation and are in no way to be construed as limiting of the potential

embodiments. While the embodiments have been described with reference to

embodiments wherein the number and arrangement of electrical contacts is consistent

for all interfaces, it is understood that the number and arrangement of electrical contacts

may vary. For example, any number of electrical receptacle and plug contacts may be

employed. Furthermore, the number, shape, and position of recesses formed may vary.

Still further, the types of signals carried by the contacts and the specific implementation

of the electrical contacts may vary. For example, the adjacent contacts may be

designated as differential pairs, differential pairs separated by ground pairs, single



ended ground-signal-ground configurations, signal-ground-signal configurations, or

other suitable arrangements. Thus, although the embodiments have been described

herein with reference to particular means, materials and embodiments, the potential

embodiments are not intended to be limited to the particulars disclosed herein; rather,

the potential embodiments extend to all functionally equivalent structures, methods and

uses, such as are within the scope of the appended claims.



What is Claimed:

1. An electrical connector, comprising:

a first differential signal contact comprising an L-shaped body portion, a first

contact arm connected to a first end of the L-shaped body portion, and a second contact

arm connected to the first end of the L-shaped body portion and positioned at an angle

with respect to the first contact arm; and

a second differential signal contact comprising an L-shaped body portion, a first

contact arm connected to a first end of the L-shaped body portion, and a second contact

arm connected to the first end of the L-shaped body portion and positioned at an angle

with respect to the first contact arm,

wherein for each of the first differential signal contact and the second

differential signal contact, the first contact arm and the second contact arm define a

plug contact receiving space therebetween and the L-shaped body extends from a first

end to a second end opposite the first end.

2. The electrical connector as recited in claim 1, wherein the second

differential signal contact is positioned adjacent to the first differential signal contact

and is separated from the first differential signal contact by only a dielectric material.

3. The electrical connector as recited in claim 2, wherein the first and

second differential signal contacts are tightly electrically edge coupled and

simultaneously tightly electrically broadside coupled.

4 . The electrical connector as recited in claim 3, wherein the. electrical

connector has no internal shields and multi-active, worst case crosstalk between the

first differential signal contact and the second differential signal contact is six percent

or less when a 50-2000 (10-90 percent) picosecond signal is transmitted through the

differential signal pair.



5. The electrical connector as recited in claim I 5wherein the first and

second differential signal contacts are mirror images of one another.

6. The electrical connector as recited in claim 1, wherein the electrical

connector has no internal crosstalk shields.

7. The electrical connector as claimed in claim 1, further comprising a plug

connector comprising a plug contact oriented at an angle with respect to two imaginary

axes intersecting at a center of the plug connector.

8. The electrical connector as recited in claim 1, wherein for each of the

first differential signal pair and the second differential signal pair, the L-shaped section

comprises a first broadside portion having a first edge and a second broadside portion

positioned at an angle relative to said first broadside portion.

9. The electrical connector as recited in claim 8, wherein the first edge of

the first differential signal contact is positioned proximate and opposite to the first edge

of the second differential signal contact.

10. The electrical connector as recited in claim 9, wherein the second

broadside portion of the first differential signal contact is positioned substantially

parallel to the second broadside portion of the second differential signal contact.

11. The electrical connector as recited in claim 9, further comprising a plug

portion comprising a first plug contact and a second plug contact, said first plug contact

having a first leverage arm having an edge extending along the plug contact, and said

second plug contact having a second leverage arm having an edge extending along the

second plug contact,

wherein said first plug contact intermates with said first differential

signal contact and said second plug contact intermates with said second differential

signal contact, and said edge of the first leverage arm is positioned proximate and

opposite to the edge of the second leverage arm.



12. The electrical connector as recited in claim 11, wherein the first edge of

the first differential signal contact is parallel to the edge of said first leverage arm and

said first edge of the second differential signal contact is parallel to the edge of said

second leverage arm.

13. The electrical connector as recited in claim 12, wherein the first edge of

the first differential signal contact extends at least to the edge of said first leverage arm,

and the first edge of the second differential signal contact extends at least to the edge of

said second leverage arm.

14. The electrical connector as recited in claim 13, wherein the first edge of

the first differential signal contact extends from the second end of the L-shaped body

through the first end of the L-shaped body and along the length of the first contact arm,

and the first edge of the second differential signal contact extends from the second end

of the L-shaped body through the first end of the L-shaped body and along the length of

the first contact arm.

15. The electrical connector as recited in claim 11, wherein the first plug

contact is positioned between the first contact arm and the second contact arm of the

first differentia] signal contact, and the second plug contact is positioned between the

first contact arm and the second contact arm of the second differential signal contact.

16. The electrical connector as recited in claim 15, wherein the first plug

contact has a broadside that is positioned at substantially 45 degrees relative to the first

broadside and second broadside of said first differential signal contact, and the second

plug contact has a broadside that is positioned at substantially 45 degrees relative to the

first broadside and second broadside of said second differential signal contact.

17. The electrical connector as recited in claim 2 further comprising a plug

connector comprising a first plug contact and a second plug contact oriented at an angle

with respect to the first plug contact.



18. The electrical connector as recited in claim 17 wherein the first plug

contact and the second plug contact are carried by a plug housing, each mate with a

respective plug contact receiving space to provide a communication path, and are edge

coupled through the plug housing so that there is edge coupling over a majority of each

communication path.

19. The electrical connector as recited in claim 17 wherein the angle is

ninety degrees.

20. The electrical connector as recited in claim 17 wherein connector is

impedance matched, plus or minus ten Ohms, to a system impedance.
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