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METHOD OF MANUFACTURING A CONNECTOR INSERT, CONNECTOR INSERT AND CABLE

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States provisional patent applications

numbers 61/360,436, filed June 30, 2010, 61/360,432, filed June 30, 2010, and 61/408,052,

filed October 29, 2010, and claims priority from United States application number

13/033,562, filed February 23, 201 1, and is related to United States applications numbers

12/895,842, filed September 30, 2010, and 13/033,553, filed February 23, 201 , which are all

incorporated by reference.

BACKGROUND

[0002] The amount of data transferred between and among electronic devices has increased

tremendously. Applications such as high-definition video require huge amounts of data to be

transferred at very high data rates. Unfortunately, high-speed communications between

electronic devices have become so fast that simple cables consisting of two inserts connected

by wires are no longer suitable. These simple cables degrade signals and cause skews such

that high-speed data communication is not reliable.

[0003] Accordingly, new cables are needed. These cables may be active in that they

include active electronic components, such as integrated circuits. These circuits consume

power and thus create heat. This heat can degrade reliability of the cable and its circuitry,

and can also be unpleasant for a user to touch.

[0004] These cables may experience forces and mechanical stress during use. Given their

complexity, it may be useful to provide cables having increased strength. Also, given their

complexity, problems with manufacturability may be a concern.

[0005] Thus, what is needed are circuits, methods, and apparatus for high-speed cables that

can reliably convey signals in high-speed communications. The cable inserts may be able to

transfer heat in a way to improve user experience and cable reliability. The cables may have

increased strength. The cables and connector inserts may be arranged in such a way as to

provide improved manufacturability.



SUMMARY

[0006] Accordingly, embodiments of the present invention may provide high speed connector

inserts and cables having improved heat conduction, high strength, and may be manufactured in

a reliable manner.

[0007] An exemplary embodiment of the present invention may provide a connector insert

having improved heat conduction. This connector insert may include several paths by which

heat may be removed from circuitry in the cable insert. In one example, heat may be removed

from one or more circuits by forming a thermal path between the circuit, which may be an

integrated circuit or other device, and a shield of the connector insert. This path may include a

thermally conductive material to further reduce its thermal resistance. Another example may

include one or more pads on a side of an integrated circuit board. These pads may be soldered

directly to the shield, or otherwise thermally connected to the shield.

[0008] To improve heat conduction in another example, braiding surrounding a cable may be

soldered or otherwise thermally connected to the shield. This connection may be covered by a

cap to avoid electromagnet interference (EMI) leakage. This cap may be crimped to provide a

robust mechanical connection. This crimping may be accomplished by applying force to the cap

in multiple directions. In one specific embodiment of the present invention, force may be

applied to the cap in four directions during crimping. The cap may be soldered to portions of

either or both the connector insert and cable for improved heat conduction and mechanical

reliability.

[0009] Another exemplary embodiment of the present invention may provide a cable having a

high strength. To provide this increased strength, a braiding surrounding the cable or one or

more of its conductors may include one or more types of fibers. For example, aramid fibers may

be included in the braiding around the cable. To simplify soldering of the braiding, the aramid or

other fibers may be bunched or grouped, such that they may be pulled out of the way. In various

embodiments of the present invention, these fibers may be pulled out of the way using static

electricity, or by other mechanisms. A specific embodiment of the present invention may use a

braiding formed of counter-rotating spirals to assist in the separation of the aramid fibers.

[0010] Another exemplary embodiment of the present invention may provide for a reliable

manufacturability. One specific example may align several pairs of twisted pairs of conductors

in the cable using a wire comb. Specifically, a wire comb having a plurality of openings may be

used to hold twisted pairs in an aligned manner. This may allow soldering of the cables to a



printed circuit board or other appropriate substrate. In various embodiments of the present

invention, this soldering may be accomplished in a reliable manner using a solder bar.

[0011] Various embodiments of the present invention may incorporate one or more of these

and the other features described herein. A better understanding of the nature and advantages of

the present invention may be gained by reference to the following detailed description and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 illustrates a connector plug according to an embodiment of the present

invention;

[0013] Figure 2 illustrates a side view of a connection between a cable and a connector insert

shield;

[0014] Figure 3 illustrates a cap that may be located over solder locations joining a cable

braiding and connector insert shield;

[0015] Figure 4 illustrates a crimping technique that may be employed by embodiments of the

present invention;

[0016] Figure 5 is a cross-section of a high-speed cable according to an embodiment of the

present invention;

[0017] Figure 6 is a more detailed view of a twisted pair according to an embodiment of the

present invention;

[0018] Figure 7 illustrates a side view of a portion of the cable according to an embodiment of

the present invention;

[0019] Figure 8 illustrates the construction of a cable according to an embodiment of the

present invention;

[0020] Figure 9 illustrates a wire comb that may be used to align twisted-pairs emerging from

a cable according to an embodiment of the present invention;

[0021] Figure 0 illustrates a plurality of conductors that may be soldered to solder pads on a

printed circuit board;

[0022] Figure 11 illustrates a method of soldering conductors to a printed circuit board

according to an embodiment of the present invention;

[0023] Figure 1 illustrates a connector insert according to an embodiment of the present

invention; and



[0024] Figure 13 illustrates an exploded view of a connector insert according to an

embodiment of the present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0025] Figure 1 illustrates a side view of a connector plug according to an embodiment of the

present invention. This figure, as with the other included figures, is shown for illustrative

purposes and does not limit either the possible embodiments of the present invention or the

claims.

[0026] Again, this plug may be part of an active cable for high-speed data communications.

As such, it may include active circuitry, such as chip 140, which consumes power and generates

heat. This heat can reduce the reliability of the active circuitry and make for an unpleasant user

experience if it becomes excessively hot. Thus, it is desirable to remove heat from this connector

plug. Accordingly, embodiments of the present invention may provide several low thermal

resistance paths to dissipate this heat.

[0027] This connector plug includes plug connectors 10, which may mate with conductors of

a connector receptacle (not shown). Plug connectors 110 may mechanically attach to printed

circuit board 120. These plug connectors 110 may electrically connect to chip 140 using traces

on printed circuit board 120. Plug connectors and chip 140 may connect to wires and cable 130

via traces on printed circuit board 120. Housing 170 may be used to surround shield 50.

[0028] Chip 140 may be an example circuit of many circuits that may generate the majority of

heat in this plug. Again, embodiments of the present invention may employ several paths by

which heat can be dissipated. In the first, heat can be removed from chip 140 directly to shield

150. Accordingly, a thermal conductor layer 160 may be used to provide a thermal path from

chip 140 to shield 150. In a second path, chip 140 may attach to printed circuit board 120,

thereby allowing heat to flow into printed circuit board 120. A solder area 80, which may be on

the side, bottom, or top of printed circuit board 120, may be soldered to a portion of shield 150,

thereby creating a low thermal resistance path from the printed circuit board to the shield for heat

dissipation. From the shield, head can dissipate out through the cable. In a specific embodiment

of the present invention, a side of the printed circuit board 120 is plated and soldered to the

shield. The heat thus travels from the chip to the printed circuit board, then to the shield via the

edge plating, then to the cable via cable braiding.



[0029] In a third path, the cable (not shown) also provides a path for heat to leave this plug.

As will be seen below, a braiding or other layer of the cable may be soldered or otherwise

attached to shield 150. This may allow head to dissipate through the cable. In other

embodiments of the present invention, a low thermal path, which may include liquid, metal, or

other material, may be included in the cable.

[0030] Plug conductors 110 may also provide a heat path into a device receptacle. The device

receptacle may be designed to provide low thermal resistance paths to further aid in the

dissipation of heat in the plug.

[0031] Again, much of the heat generated by active circuitry in the connector insert can be

removed via conduction through the cable. An example of how this is done is shown in the

following figures.

[0032] Figure 2 illustrates a side view of a connection between cable 230 and connector insert

shield 250. Cable braiding 234 may be pulled away from cable 230 and soldered to shield 250 at

solder locations 236. Conductors (not shown) in cable 230 may connect to circuitry inside shield

250. Housing 270 may surround portion of shield 250 to provide thermal insulation and the

location for a user to grasp the connector insert.

[0033] As cable braiding 234 is separated from cable 230, one or more openings 238 may

form. For example, shield 250 may have a width greater than its height. Some or all of cable

braiding 234 may attach to shield 250 along the width of shield 250, thereby leaving opening 238

along the height (or side) of shield 250. Opening 238 may provide a path for electromagnetic

interference to be emitted from the cable conductors (not shown). Accordingly, embodiments of

the present invention may employ a cap or other structure over the opening 238. An example is

shown in the following figure.

[0034] Figure 3 illustrates a cap 339 that may be located over solder locations 236 between a

cable braiding 234 and connector insert shield 250 consistent with embodiments of the present

invention. Cap 339 may be formed of metal such as aluminum, stainless steel, or other material.

During manufacturing, cap 339 may be placed over solder locations 236 and crimped to be held

in place. Cap 339 may also be soldered to provide additional shielding and mechanical support.

[0035] Conventional techniques used to crimp caps, such as cap 339, often smash the cap and

distort it, thereby possibly damaging the cable. Accordingly, embodiments of the present

invention may crimp cap 339 by applying forces in multiple directions. An example is shown in

the following figure.



[0036] Figure 4 illustrates a crimping technique employed by various embodiments of the

present invention. In this particular example, force is applied in four directions by tool die 410

on cap 439. These forces may crimp cap 439 in a highly symmetrical manner for improved

yield, improved EMI isolation, and mechanical stability. Also, this technique may reduce

asymmetric forces that cable 330 would otherwise experience, thereby reducing the chance of

damage to interior conductors (not shown) in cable 330 during manufacturing.

[0037] In this particular embodiment of the present invention, force may be applied to cap 439

in four directions, though in other embodiments of the present invention, force may be applied in

other numbers of directions, such as two, three, or more than four directions.

[0038] Again, embodiments of the present invention may provide a cable having a high

strength. To provide this increased strength, a shield or braiding surrounding the cable or one or

more of its conductors may include one or more types of fibers. For example, aramid fibers may

be included in a shield or braiding around the cable. Unfortunately, aramid fibers may interfere

with the soldering process outlined above. To simply soldering of the braiding, the aramid or

other fibers may be bunched or grouped in the cable shield or braiding, such that they may be

pulled out of the way during soldering. In various embodiments of the present invention, these

fibers may be pulled out of the way using static electricity, or by other mechanisms. An example

of such a cable is shown in the following figure.

[0039] Figure 5 is a cross-section of a high-speed cable according to an embodiment of the

present invention. This cable may include four twisted pairs 520 and four single wires 530.

Twisted pairs 520 may be used to carry differential signals, multiple single ended signals, power,

ground, bias, control, status, or other types of signal, power, status, or control lines. Single wires

530 may be used to convey single ended signals, one side of a differential signal, power, ground,

bias control, status, or other types of signal, power, status, or control lines. In other

embodiments the present invention, cables consistent with embodiments of the present invention

may include other numbers of twisted pairs and single wires.

[0040] In this example, twisted-pairs 520 and single wires 530 surround a nylon core 560,

which is used for mechanical support. In other embodiments of the present invention, nylon core

560 may be substituted by a wire, one or more fiber-optic lines, or other conductor or fiber.

These connectors may be bound by shield tape 580.

[0041] Shield braid 540 may surround the cable. Jacket 570 may surround shield braid 540

and provide mechanical support for the cable. Again, aramid fibers 550 may be dispersed or



grouped in shield braid 540. Shield braid 540 may be a conventional interwoven braiding, shield

braid 540 may be formed of one or more counter-rotating spirals, or shield braiding 540 may be

formed in other various ways.

[0042] Figure 6 is a more detailed view of twisted pair 520 according to an embodiment of the

present invention. Twisted pairs 520 may include two conductors 610 surrounded by insulation

layer 630. Spiral shield 620 may surround twisted-pair 520 and provides shielding against

electromagnetic interference. Spiral shield 620, like shield braid 540, may be formed of

braiding, one or more counter-rotating spirals, or other ways. Copper Mylar tape layer 670 may

bind and provide mechanical support for spiral shield 620 and conductors 610.

[0043] Again, embodiments of the present invention may employ one, two, or more counter-

rotating spirals as a shield. An example is shown in the following figure.

[0044] Figure 7 illustrates a side view of a portion of the cable according to an embodiment of

the present invention. This figure illustrates a cable surrounded by jacket 710. Jacket 710 has

been cut away to reveal a first counter-rotating spiral 720 and a second counter-rotating spiral

730. The first of these spirals may have an angle approximately equal to phi 740. In a specific

embodiment of the present invention, phi may be equal to 17 degrees. In other embodiments of

the present invention, other angles may be used. The second of these may have approximately

the same relative angle, shown here as negative phi 742 to indicate a different absolute direction.

[0045] In this way, during manufacturing, the wires in the counter-rotating spirals 720 and 730

may be easily peeled away, straightened, and soldered or otherwise electrically connected to

locations in a connector plug.

[0046] Utilizing counter-rotating spirals 720 and 730 may also improve flexibility of the cable.

For example, when the cable is twisted in a first direction, counter-rotating spiral 720 may

tighten while counter-rotating spiral 730 may loosen. The tightening of counter-rotating spiral

720 may protect the internal conductors. Similarly, when the cable is twisted in a second

direction, counter-rotating spiral 730 may tighten while counter-rotating spiral 720 may loosen.

The tightening of counter-rotating spirals 730 may protect the internal conductors.

[0047] Again, one or more different types of fibers may be employed by embodiments of the

present invention. These fibers may be interspersed singly or in groups in one or more of the

counter-rotating spirals 720 and 730. These fibers may be included for various reasons.

[0048] In a specific embodiment of the present invention, aramid fibers may be included for

additional strength. Again, aramid fibers may interfere with soldering of the counter-rotating



spirals 720 and 730 to locations such as a shield of, or pads in, a connector insert. Accordingly,

in various embodiments of the present invention, these fibers may be pulled away from the wires

in the counter-rotating spirals 720 and 730 by static electricity, air movement, or other methods.

[0049] The cable shown here may be made in a number of ways. In one, the wires and twisted

pairs are pulled from spools and then wrapped in various layers for mechanical support. To

improve reliability of the cable and reduce the chance of damage when the cable is used, the

spools holding the wires and twisted pairs may be rotated during cable manufacturing. An

example is shown in the following figure.

[0050] Figure 8 illustrates the construction of a cable according to an embodiment of the

present invention. In this example, a number of spools 0 may each hold one of the conductors

820. As the cable is formed, spools 810 may rotate, thereby individually twisting the wires.

Also, spools 810 may twist as a group, thus twisting the wires as a group. For example, spools

810 may twist one-half turn, one turn, two turns, or other fractions or numbers of turns per length

of cable. This combined twisting action may be referred to as planetary wire feeding, or as a

planetary twist. In other embodiments of the present invention, other types of assembly may be

used. For example, a back twist, or no twist, may be used. The various conductors may be

bound together, for example using tape 825. A jacket may be extruded at 830, thus sealing the

wires.

[0051] Spools 810 may hold various types of conductors or groups of conductors. For

example, they may hold single conductors, coaxial cables, twisted pairs or shielded twisted pairs,

or other types of conductors or groups of conductors. In a specific embodiment of the present

invention, the conductors on one or more spools 810 are grouped in pairs, referred to as

twinaxial, or twinax cables.

[0052] Again, cables according to embodiments of the present invention may include a number

of twisted pairs 520 and single wires 530, as shown in Figure 5. The wires may connect to a

printed circuit board in a connector insert, such as printed circuit board 120 in Figure .

However, twisted pairs 520 may emerge from an end of the cable in any orientation. As such, it

may be difficult to solder the twisted pairs 520 to printed circuit board 120. Accordingly,

embodiments of the present invention may employ a wire comb to align the twisted pairs 520 in

order to simplify soldering to printed circuit board 120. Use of such a comb may improve the

manufacturability of connector inserts according to embodiments of the present invention. An

example of such a wire comb is shown in the following figure.



[0053] Figure 9 illustrates a wire comb 910 that may be used to align twisted-pairs emerging

from a cable according to an embodiment of the present invention. Wire comb 910 may include

a plurality of non-circular openings 920 and circular openings 930. Twisted pairs 520 may be

untwisted to the point where they fit in openings 920, then passed ' through openings 920. Single

wires 530 may be passed through openings 930. In this way, connectors from a cable may be

aligned as they emerge from wire comb 910. This allows the conductors to be soldered to

printed circuit board 120, as shown in the following figure.

[0054] Figure 10 illustrates a plurality of conductors 1010 that may be soldered to solder pads

1040 and 1070 on a printed circuit board, such as printed circuit board 120. Specifically,

connectors 1010 are covered by jacket 1020. Jacket 1020 may be removed thereby exposing

braiding or shield layers 1030. Shield layers 1030 may be soldered to pads 1040. An internal

isolation layer 1050 may be stripped away leaving connector terminals 1060, which may be

soldered to pads 1070.

[0055] Once conductors 1010 are aligned, it may be desirable to be able to solder shield layers

1030 to pads 1040 and connectors 1060 to pads 070 in a reliable manner. Accordingly,

embodiments of the present invention may employ a shaped solder bar during the soldering

process. An example is shown in the following figure.

[0056] Figure 11 illustrates a method of soldering conductors to a printed circuit board

according to an embodiment of the present invention. In this example, twisted-pair conductors

120 are to be soldered to pads on a printed circuit board 1 30. A shaped solder bar 1 40 may

be placed over connectors 1120. Hot bar 11 0 may be heated, for example by passing a current

from one end to another. Hot bar 1110 may be lowered such that solder bar 1140 is heated and

flows, thereby soldering a shield layer of twisted pair is 120 to pads on printed circuit board

1130. In this example, hot bar 1110 may include recesses 1150 such that solder bar 140 is

evenly heated. This configuration may provide a reliable solder connection between a shield

braid of twisted-pair 120 and a pad on printed circuit board 130.

[0057] Figure 2 illustrates a connector insert according to an embodiment of the present

invention. This connector insert includes an insert portion 1210 to fit in a compliant connector

receptacle. Housing 1220 may be included such that a user can manipulate the connector insert.

Stress relief and cable 1230 are also included for illustrative purposes.

[0058] Figure 13 illustrates an exploded view of a connector insert according to an

embodiment of the present invention. Conductors of cable 305 pass through wire comb 140 as



described above. These conductors attach to printed circuit board 1350. One or more circuits

1355 may be located on printed circuit board 1350. Contacts 1365 may be supported by

structure 1360, and attach to printed circuit board 1350. Frame portions 1310 and 1312 may

encapsulate printed circuit board 1350 and active circuitry 1355. Housing portions 1332 and

1320 may form a housing around the connector insert. A dust shield 1370 may be provided to

protect the connector insert during transport and shipment.

[0059] The above description of embodiments of the invention has been presented for the

purposes of illustration and description. It is not intended to be exhaustive or to limit the

invention to the precise form described, and many modifications and variations are possible in

light of the teaching above. The embodiments were chosen and described in order to best

explain the principles of the invention and its practical applications to thereby enable others

skilled in the art to best utilize the invention in various embodiments and with various

modifications as are suited to the particular use contemplated. Thus, it will be appreciated that

the invention is intended to cover all modifications and equivalents within the scope of the

following claims.



WHAT IS CLAIMED IS:

1. A method of manufacturing a connector insert comprising:

separating a plurality of fibers in a cable shield layer from a plurality of metallic

wires;

forming a solder connection between the plurality of metallic wires to a shield of

the connector insert;

placing a cap over the solder connection; and

crimping the cap.

2. The method of claim 1 wherein the plurality of fibers are aramid fibers

3. The method of claim 1 wherein the cable shield layer is a braided layer

4. The method of claim 1 wherein the cable shield layer is formed of a

plurality of counter-rotating spirals.

5. The method of claim 1 wherein the cap is crimped by applying forces in a

plurality of directions.

6. The method of claim 1 wherein the cap is crimped by applying forces in

four directions.

7. The method of claim 6 further comprising:

soldering the cap to the connector insert.

8. The method of claim 1 further comprising:

soldering a conductive pad on a printed circuit board to an inside wall of the

connector insert.

9. The method of claim 8 wherein the conductive pad is on an edge of the

printed circuit board.

10. The method of claim 8 further comprising:

thermally coupling an active device on the printed circuit board to the shield.

11. A method of manufacturing a connector insert comprising:



separating a plurality of shielded twisted pairs of wires in a cable, each shielded

twisted pair having a non-circular shape;

untwisting each of the shielded twisted pairs to enable their insertion into a

corresponding opening in a block, each corresponding opening in the block having a non-circular

shape similar to the a non-circular shape of the shielded twisted pairs; and

soldering shields for each of the shielded twisted pairs to a substrate using a

shaped bar of solder.

12. The method of claim 1 wherein the non-circular shape is an ellipse.

13. The method of claim 11 wherein the non-circular shape is approximately

elliptical.

14. The method of claim 11 wherein the block is a wire comb.

5. The method of claim 11 further comprising separating a plurality of wires

in the cable; and

inserting the wires into corresponding openings in the block,

wherein the wires and corresponding openings are at least approximately circular.

16. The method of claim 5 wherein the shaped bar of solder is shaped to

approximately fit the plurality of wires and plurality of shielded twisted pairs.

17. A connector insert and cable apparatus comprising:

an insert shield;

a cable comprising a plurality of twisted pairs, a plurality of wires, and a shield

layer electrically connected to the insert shield;

a cap over a connection between the shield layer and the insert shield;

a block having a plurality of non-circular openings for the twisted pairs and a

plurality of approximately circular openings for the wires, wherein the plurality of twisted pairs

and a plurality of wires pass through the block using the openings;

a printed circuit board coupled to at least one of the twisted pairs, the printed

circuit board having a pad connected to the insert shield; and

an active device fixed to the printed circuit board and thermally coupled to the

insert shield.



18. The connector insert and cable apparatus of claim 17 wherein the cable

shield layer is soldered to the insert shield.

19. The connector insert and cable apparatus of claim 7 wherein each of the

plurality of non-circular openings are approximately elliptical.

20. The connector insert of claim 17 wherein the pad is located on a side of

the printed circuit board.

2 . The connector insert of claim 17 wherein the cap is crimped over the

connection between the shield layer and the insert shield.

22. The connector insert of claim 2 1 wherein the cap is soldered to the

connector insert.

23. The connector insert of claim 17 further comprising:

a plastic housing covering a portion of the insert shield.

24. The connector insert of claim 17 wherein the cable shield layer comprises

a plurality of fibers.

25. The connector insert of claim 24 wherein the plurality of fibers comprises

aramid fibers.
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