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(57) Abstract: A connector for use with a cable having com-
ponents susceptible to triboelectrically-induced intercomponent
charge comprises a signal component; a compensating resistive
network to substantially equilibrate a plurality of triboelectri-
cally-induced charges across the components; and a ground con-
nect component for connecting the connector to ground prior to
connection of the signal component. A process for manufac-
turing a connector for use with a cable having components sus-
ceptible to triboelectrically-induced intercomponent charge and
comprises steps of: providing a signal component; providing a

compensating resistive network to substantially equilibrate a plurality of triboelectrically-induced charges across the components;
and providing a ground connect component for connecting the connector to ground prior to connection of the signal component.
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Description

A CONNECTOR
Technical Field

The present invention relates to cable and connector assemblies, and more par-
ticularly to cable and connector assemblies used for high-frequency transmission lines.
Background Art

The triboelectric effect is an electrical phenomenon in which certain materials can
become electrically charged by friction or being rubbed against another material. In the
context of electrical cables, it is well known that cables can become charged as they
are handled and that this can cause significant charge differentials to be induced across
the interconductor capacitances. Due to the low leakage of modern cables, charge can
remain on the conductors until the cable is plugged into the associated equipment,
whereupon the high voltage can cause serious damage to the interface electronics
unless sufficient transient protection is provided. This effect is also occasionally
termed ‘cable static’ and presents a general problem by providing a source of static
electrical charge which can cause significant damage to electronic equipment. The use
of integrated electronics and high speeds of operation in modern communications
systems makes this problem more serious as the smaller feature size of the active
devices connected to the line make them more susceptible to transient damage and the
high frequency of operation make the inclusion of protection networks more difficult.

- A typical modern datacommunications cable comprises 4 wires which make up two
differential pairs formed by the white-blue and red-green wires. Another well-known
data-carrying cable is the flat ribbon cable typically used, for example, to connect
motherboards to hard disk drives. Each of the wires in such cables has a mutual ca-
pacitance to each other wire and also down to the cable shield. As the cable is moved
across another material, all of these capacitances can become triboelectrically charged
with intercomponent charge differentials. Due to the very low leakage associated with
these capacitances the discharge time can be long enough such that significant inter-
component charge differentials remain when the signal-bearing components of the
cable are plugged into equipment.

It would thus be desirable to alleviate the aforementioned disadvantageous
potential for large differential charges being discharged into sensitive devices.
Disclosure of Invention

In a first aspect, the present invention provides a connector for use with a cable
having components susceptible to triboelectrically-induced intercomponent charge and
comprising: a signal component; a compensating resistive network to substantially
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equilibrate a plurality of triboelectrically-induced charges across said components; and
a ground connect component for connecting said connector to ground prior to
connection of the signal component.

Preferably, said compensating resistive network comprises a discrete component in
said connector.

Preferably, said discrete component is mounted on a PCB.

Preferably, said compensating resistive network comprises an integrated
component in said connector.

Preferably, said integrated component is mounted on a PCB.

Preferably, said compensating resistive network comprises a conductive material
used as a header in said connector.

Preferably, the ground connect component is of greater length than the signal
component.

There is preferably provided a cable assembly comprising a cable and attached
thereto a connector according to the first aspect of the present invention.

In a second aspect, the present invention provides a process for manufacturing a
connector for use with a cable having components susceptible to triboelectrically-
induced intercomponent charge and comprising steps of: providing a signal
component; providing a compensating resistive network to substantially equilibrate a
plurality of triboelectrically-induced charges across said components; and providing a
ground connect component for connecting said connector to ground prior to connection
of the signal component.

Preferably, said compensating resistive network comprises a discrete component in
one or more of said connectors.

Preferably, said discrete component is mounted on a PCB.

Preferably, said compensating resistive network comprises an integrated
component in one or more of said connectors.

Preferably, said integrated component is mounted on a PCB.

Preferably, said compensating resistive network comprises a conductive material
used as a header in one or more of said connectors.

Preferably, the ground connect component is made to be of greater length than the
signal component.

There is preferably provided a process for manufacturing a cable assembly
comprising steps of: providing a cable; and providing a connector produced by a
process according to the second aspect of the present invention.

Brief Description of the Drawings

A preferred embodiment of the present invention will now be described, by way of
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example only, with reference to the accompanying drawing figures, in which:

Figure 1 illustrates the interconductor capacitances for a single differential pair in a
cable.

Figure 2 illustrates the insertion of discharge resistors at the cable connectors
according to one possible embodiment of the present invention.

Figure 3 shows in schematic form a cable connected to a connector according to a
preferred embodiment of the present invention.
Best Mode for Carrying Out the Invention

Preferred embodiments of the present invention address the problem of tribo-
elecirically-induced intercomponent capacitance discharge for the transmission line
case where the characteristic impedance of the line is typically only several hundred
ohms at most. In this case, it is possible to introduce a parallel discharge path to the in-
terconductor capacitances which is much higher than the characteristic impedance.
This discharge network can thus have a negligible effect on the line performance.

In preferred embodiments of the present invention, there is provided a discharge
path within the cable assembly itself such that any induced charge differentials can be
equilibrated before the signal components of the cable are connected to equipment.
The charge can then be conducted to ground, as is well known, by means of a ground
connector that connects prior to the connection of any signal pins. It is well known that
increasing the loss of the cable would be detrimental to its overall performance.
However, a parallel resistance which connects across each cable capacitance at &ach
connector could be arranged to have a much lower effect on the performance of the
cable/connector system. Moreover this resistance could be conveniently implemented
at low cost by introducing a resistive component to the material which conventionally
provides the insulating support between the pins of the connector.

The electrical representation of the interconductor capacitances of one pair within
such a cable is shown in Figure 1. The capacitance between the wires (marked 1 and 2)
in the differential pair is represented by C12 and that between each wire and the shield
(denoted by S) by C1S and C28S. If the cable is operating as a transmission line then the
termination impedances will be close to the characteristic impedance of the cable
which is typically in the 30 to 300 ohm range. Consequently it is possible to place re-
sistances in parallel with the cable capacitances of Figure 2 such that they have a
negligible effect on the termination impedance but provide a discharge path for any tri-
boelectrically induced charge differentials; this is shown in Figure 2. As an example, if
this discharge resistance is 1000x the termination impedance it would typically have a
value of several hundred kilohms.

Turning to Figure 3, there is shown in schematic form a cable 302, together with
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connector 300, forming one end of a cable and connector assembly according to a
preferred embodiment of the invention. In connector 300 is compensating resistive
network 304. Compensating resistive network 304 substantially equilibrates tribo-
electrically-induced charges across the components. Also shown are a ground connect
component 306 and a signal component 308. The ground connect component 306 is
selected to connect the connector 300 to ground prior to the connection of signal
component 308. Clearly, this may be done simply by, for example, making ground
connect component 306 longer than signal component 308.

The discharge resistance network could be built using discrete components within
the connector. However a lower cost and more convenient method would be to make
the part of the connector which houses the individual pins conductive. In a con-
ventional DB9 connector, for example, which represents a typical connector used in
this application, a plastic moulding, known here as a header, is used to mechanically
support and isolate the signal pins. It is possible to increase the conductivity of such a
plastic material, for example by loading the moulding material with conductive
particles. In this way the header could be made sufficiently resistive such that suitable
discharge resistance paths existed between the signal pins and shield connections. The
geometric design of the header would place constraints on the ratios of the various
discharge resistance paths but as has been previously seen, this application would
accept a large tolerance on these resistor values.

Another typical connector, well known to the person of ordinary skill in the art, is
the HSSDC connector, where a single row of contacts is mounted on a pin support and
insulator. As before, this pin support could be made resistive by making the moulding
from a material with the appropriate level of conductivity. Alternatively some
connectors are able to house an internal printed circuit board (PCB). An appropriate
discharge network could be mounted on this PCB from either discrete or integrated
components. Such a solution is likely to be more costly but more accurate then the use
of conductive materials in the connector header.

Described here are preferred embodiments of the present invention, and it will be
clear to one of ordinary skill in the art that there may be many modifications still
falling within the scope of the present invention.
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Claims

1. A connector for use with a cable having components susceptible to tribo-
electrically-induced intercomponent charge and comprising: a signal component;
a compensating resistive network to substantially equilibrate a plurality of tribo-
electrically-induced charges across said components; and a ground connect
component for connecting said connector to ground prior to connection of the
signal component.

2. The connector as claimed in claim, wherein said compensating resistive
network comprises a discrete component in said connector.

3. The connector as claimed in claim 2, wherein said discrete component is
mounted on a PCB.

4. The connector as claimed in claim 1, wherein said compensating resistive
network comprises an integrated component in said connector.

5. The connector as claimed in claim 4, wherein said integrated component is
mounted on a PCB.

6. The connector as claimed in claim 1, wherein said compensating resistive
network comprises a conductive material used as a header in said connector.

7. The connector as claimed in any preceding claim, wherein the ground connect
component is of greater length than the signal component.

8. A cable assembly comprising a cable and attached thereto a connector as
claimed in anilE preceding claim.

9. A process for manufacturing a connector for use with a cable having
components susceptible to triboelectrically-induced intercomponent charge and
comprising steps of: providing a signal component; providing a compensating
resistive network to substantially equilibrate a plurality of triboelectrically-
induced charges across said components; and providing a ground connect
component for connecting said connector to ground prior to connection of the
signal component.

10. The process as claimed in claim 9, wherein said compensating resistive
network comprises a discrete component in one or more of said connectors.

11. The process as claimed in claim 10, wherein said discrete component is
mounted on a PCB.

12. The process as claimed in claim 9, wherein said compensating resistive
network comprises an integrated component in one or more of said connectors.
13. The process as claimed in claim 12, wherein said integrated component is
mounted on a PCB.

14. The process as claimed in 9, wherein said compensating resistive network
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comprises a conductive material used as a header in one or more of said
connectors.

15. The process as claimed in any of claims 9 to 14, wherein the ground connect
component is made to be of greater length than the signal component.

16. A process for manufacturing a cable assembly comprising steps of: providing
a cable; and providing a connector produced by a process according to any of
claims 9 to 15.
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