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PATCH CORD WITH INSERTION DETECTION AND
LIGHT ILLUMINATION CAPABILITIES

Technical Field

The present application relates to network documentation and revision systems, and more

particularly to a patch cord that enables insertion and removal detection as well as visual

guidance cues for patch cord installation or removal.

Background

Communications networks are growing in number and complexity, and are continually

being interconnected to satisfy customers' needs. Patch panels are used in communications

networks as intermediate elements between horizontal cabling (to which endpoint devices such

as computers and telephones are connected) and network switches. Specifically, patch panels

include a panel of network ports that connect incoming and outgoing lines of a local area

network (LAN) or other communication system. In a LAN, for example, the patch panel

connects the network's computers to switches or routers that enable the LAN to connect to the

Internet or another wide area network (WAN). Connections are made with patch cords. The

patch panel allows connections to be arranged and rearranged by plugging and unplugging the

patch cords.

When physical connections between endpoint devices and network switches are added,

moved or removed, patch panels are the points at which technicians complete the required

installations or removals of patch cords within patch fields. Patch panels offer the convenience

of allowing technicians to quickly change the path of selected signals.

Patch panels are typically deployed in one of two different configurations: cross-connect,

and interconnect. In a cross-connect configuration, two patch panels are disposed between end

user devices and a network switch, and in an interconnect configuration, only one patch panel is

disposed between the end user devices and a network switch. Cross-connect configurations

allow for simplified rearrangements of connections in the patch field, while interconnect

configurations require only one patch panel and do not require patch cords that are dedicated to

connection between two patch panels.

Human error associated with the implementation and maintenance of physical cable

connections between network communication equipment can result in significant negative



impact to a network. Such negative impact can be avoided through improved guidance, control,

and verification of network cable installation and removal work orders implemented by network

technicians. It is also desirable to provide an easy-to-understand system for technicians to follow

when performing moves, adds, and changes (MACs) to patch cords and connections in a patch

field.

Summary

In some embodiments of the present invention, patch cords are provided with circuitry,

and lights, such as to allow for the provision of easily followed instructions to a technician

performing patch cord MACs in a patch field.

Systems according to the present invention make use of patch cords having conductors

and contacts that are provided for the purpose of patch cord management. Patch cords according

to the present invention may be called "ten-wire" patch cords. This term is used in connection

with a traditional "eight-wire" copper Ethernet patch cord, comprising four conductive pairs. A

"ten-wire" patch cord according to the present invention has two extra conductors dedicated to

patch cord management. While the terms "ten-wire" and "tenth" conductors will be used to

describe the present invention, it is to be understood that the principles of this invention can be

extended to copper patch cords having more or fewer than eight conductors, and also to optical

patch cords and copper-fiber hybrid patch cords, any of which may be provided with two extra

conductive elements and other hardware to operate in accordance with the present invention.

Patch cords according to the present invention use switches to enable detection of

insertion or removal of plugs. In addition, patch cords incorporate LED's or other visible means

to guide installation or removal of plugs and to indicate statuses to a technician.

These and other aspects of the present invention are explained to those of ordinary skill in

the art in the following detailed description, with reference to the drawings. It should be

understood that the embodiments noted herein are not intended to limit the scope of the

invention.

Brief Description of Figures

Fig. IA is a schematic block diagram of a patch cord and intelligent patch panel port

according to one embodiment of the present invention;



Fig. 1C is a schematic diagram showing circuitry of an intelligent patch panel and

circuitry of a patch cord;

Fig. 2A is a perspective diagram showing a network switch and an intelligent patch panel

connected by a patch cord;

Fig. 2B is a perspective view of a switch plug of a patch cord plugged into a switch port;

Fig. 2C is a perspective view of a patch panel plug of a patch cord plugged into an

intelligent patch panel port;

Fig. 2D is a perspective view of a patch panel plug of a patch cord;

Fig. 3A is a perspective view of a switch plug of a patch cord;

Fig. 3B is a perspective view of a switch mechanism in a switch plug of a patch cord,

including a detail view of the switch mechanism;

Fig. 3C is an exploded view of a switch plug of a patch cord;

Fig. 4A is a perspective view of a wire termination region of a switch plug including a

detail view;

Fig. 4B is another perspective view of the wire termination region of Fig. 4A;

Fig. 5 is a perspective view of a printed circuit board (PCB) assembly of a switch plug;

Fig. 6 is a perspective view of a PCB installed in a switch plug; and

Figs. 7A, 7B, and 7-C are perspective views of a switch plug showing the installation of a

PCB cover on the switch plug.

Fig. 8A is a perspective view of an alternate plug than can be used in the present

invention.

Fig. 8B is a perspective view of the underside of the cap of the plug of Fig. 8A.

Fig. 8C is a perspective view of the plug of Fig. 8A with the cap removed and showing

components of the plunger switch and the PCB.

Fig. 8D is a perspective view plug of Fig. 8A focusing in on the components of the PCB

and plunger switch.



Fig. 8E is a perspective view of the PCB for the plug of Fig. 8A showing the traces for

the pole, first switch contact, and second switch contact.

Detailed Description

According to one embodiment of the present invention, as illustrated in schematic block

form in Fig. IA, a patch cord is provided having a patch panel plug 12 for interfacing with ports

of an intelligent patch panel and a switch plug 14 for insertion into ports of an Ethernet switch, in

an interconnect deployment. The patch cord 10 is provided with a ninth wire 16 and a tenth wire

18 in addition to the normal signal-carrying wires of the patch cord (not shown). The ninth and

tenth wires 16 and 18 are terminated at ninth and tenth contacts 20 and 22 of the patch panel plug

12, and the ninth and tenth contacts 20 and 22 are adapted to mate with ninth and tenth contacts

24 and 26 of an intelligent patch panel port 28. The intelligent patch panel port 28 has an

associated electronic assembly 30 described in further detail below.

The ninth and tenth wires 16 and 18 of the patch cord 10 are terminated at the switch plug

14 using, for example, insulation displacement contacts 32a and 32b. The ninth and tenth wires

are thereby electrically connected to LED circuitry 34 provided on an LED PCB 36. A switch

38, which is preferably a single pole, double throw, make-before-break plunger switch has

switch contacts 40 and 42 connected to the LED circuitry 34. Switch contact 40 is a "normally

open" contact and switch contact 42 is a "normally closed" contact.

As described in further detail below, the switch 38 has two states, depending on whether

or not a plunger associated with the switch plug 14 is depressed. The plunger is depressed when

the switch plug 14 is inserted into a port of an Ethernet switch. If a patch cord according to the

present invention is inserted into a port of the intelligent patch panel, the intelligent patch panel

can then determine based on the state of the switch 38 whether or not the switch plug is plugged

into a switch port.

The intelligent patch panel is also able to detect if the ninth and tenth contacts 24 and 26

of the intelligent patch panel port 28 are shorted together, as would occur if a "nine-wire" patch

cord were inserted into the intelligent patch panel port 28. If such a condition is detected, the

intelligent patch panel may have logic provided within it that will allow the intelligent patch

panel to enter an error notification process, and/or to continue with the required move, addition,

or change of patch cord status with the understanding that a nine-wire patch cord is being used.



The LED circuitry 34 preferably contains two LED's, a red LED 44 and a green LED 46,

as shown in Fig. IB. Generally, the green LED 46 is used to indicate to a technician that an

insertion of the switch plug is necessary, and a red LED 46 is used to indicate to a technician that

a removal of the switch plug is necessary. Flashing or otherwise timed lights may be used to

indicate other conditions, such as error conditions, in some embodiments.

A zener diode 48 provides static discharge protection for the LED's 44 and 46. First and

second capacitors 50 and 52 are provided to allow for a detection of the rate of charging of the

capacitors by the intelligent patch panel, thereby allowing the intelligent patch panel to

determine the state of the switch 38. The first capacitor 50 is between the ninth wire conductor

16a and the first switch contact 40, and the second capacitor 52 is between the ninth wire

conductor 16a and the second switch contact 42. A resistor 54 is located on a conductive

pathway that extends from the ninth wire conductor 16a. This conductive pathway is split, with

a first circuit leg 56 passing through the red LED 44 to the first switch contact and a second

circuit leg 58 passing through the green LED 46 to the second switch contact. The switch pole

60 is connected to the tenth wire conductor 18a within the switch plug.

When a patch cord 10 is plugged into an intelligent patch panel port 28, the patch cord 10

is energized through the ninth and tenth wires. Communication is established between the

intelligent patch panel and the patch cord 10, and the panel queries the patch cord 10 for switch

plug end status information, through a sampling/charging circuit 6 1 (shown in Fig. 1C) in the

intelligent patch panel.

As described in more detail below, the switch 38 is preferably a plunger switch that is

depressed when the switch plug 14 is plugged into a switch port. When the switch plug 14 is not

inserted into a port, the second switch contact 42 is connected to the pole 60, and when the

switch plug 14 is inserted into a port, the first switch contact 40 is connected to the pole 60.

The interaction between an intelligent patch panel and a patch cord 10 according

to the present invention will now be described with reference to Fig. 1C. When the patch cord is

disconnected from an intelligent patch panel, a patch panel capacitor 62is the only capacitance

present in the sampling/charging circuit 6 1.

When the patch panel plug 12 of a patch cord 10 is inserted into the intelligent patch

panel, and the switch plug is not connected to a switch port, the switch 38 is in a normally closed

state and making contact with the green LED 46. In this state, the second capacitor 52 is part of



the sampling/charging circuit, and the green LED 46 can be operated by the intelligent patch

panel.

When the patch panel plug 12 of a patch cord 10 is inserted into the intelligent patch

panel, and the switch plug is connected to a switch port, the switch 38 is in a "normally open"

state and making contact with the red LED 44. In this state, the first capacitor 50 is part of the

sampling/charging circuit, and the red LED 44 can be operated by the intelligent patch panel.

The intelligent patch panel detects a difference in the rate of charging of the capacitance

(i.e., how the voltage is changing across the capacitors) due to the switch position establishing

the presence, or absence, of the first capacitor 50, and the second capacitor 52 in the resulting

circuit. According to one embodiment, the patch panel capacitor 62 has a capacitance of 0.047

µF, the first capacitor 50 has a capacitance of 0.68 µF, and the second capacitor 52 has a

capacitance of 4.7 µF. The resistor 54 has a resistance of 604 Ω. The intelligent patch panel is

provided with firmware and/or software and microprocessor circuitry, which may be part of a

"wing board" assembly.

In one embodiment, as shown in Fig. 1C, the intelligent patch panel circuitry contains

first, second, and third transistors 64, 66, and 68. Sampling of patch cord and switch states may

be done in sampling cycles. At the start of a sampling cycle, the first transistor 64 is off, and the

second transistor 66 is on, shorting the ninth wire 16 and the ninth wire conductor 16a to ground

and discharging all capacitors. The second transistor 66 is then turned off (at a time defined as

t=0) and the charge rate of the circuit is determined by measuring the elapsed time needed for

input 70 to attain a logic high. In this state, the intelligent patch panel is charging, sampling, and

discharging whatever capacitance is available on the circuit, and can thereby detect four possible

patch cord states: (1) no cord in the system; (2) both plugs of a patch cord inserted into jacks; (3)

only the patch panel plug 12 inserted into a jack; and (4) the ninth wire 16 is shorted to the tenth

wire 10.

In the embodiment shown, an absence of the patch cord is detected by the quickest

charging rate as the patch panel capacitor 62 has the smallest capacitance in the system. When

the patch panel plug 12 and the switch plug 14 are mated to their respective panels, the switch 38

places the first capacitor 50 in the circuit along with the patch panel capacitor 62, resulting in a

medium charge rate. The longest charge rate occurs when the patch panel plug 12 is mated and

the switch plug 14 is unmated, with the result being that the patch panel capacitor 62 and the

second capacitor 52 are in the charging circuit. The last possible state would occur with a short



occurring between the ninth and tenth wires, which would never allow the input 70 to achieve a

logic high condition.

Using the above conditions, the firmware and/or software associated with the intelligent

patch panel will be aware of the mated or unmated states of the patch cord. In the remainder of a

duty cycle, the intelligent patch panel can elect to illuminate the red LED 44 and the green LED

46 in a variety of formats (such as flashing, occulting, steady-on, steady-off, combinations

thereof, etc.). This is accomplished by switching that occurs in the circuitry and logic of the

intelligent patch panel in conjunction with the position of the switch 38. As indicated in the text

associated with Fig. 1C, either the red LED 44 or the green LED 46 may be illuminated,

depending on the condition of the switch 38, when the first transistor 64 is on, the second

transistor 66 is off, and the third transistor 68 is on, which allows current to flow through the

LED circuitry 34. The red LED 44 and green LED 46 are illuminated in various formats to

indicate various states of the overall system. The LED's are turned off by turning off the third

transistor 68. Flashing the LED's is accomplished by turning the LED's on and off as described

above. The intelligent patch panel catalogs and forwards this information to layer management

software for diagnostics or relevant operations as patching state changes.

Fig. 2A is a perspective view of a patch cord 10 connecting a switch port 72 of an

Ethernet switch 74 to an intelligent patch panel port 28. Fig. 2B is a closer view of a switch plug

14 of a patch cord 10 plugged into a switch port 72, and Fig. 2C is a closer view of a patch panel

plug 12 plugged into a patch panel port 28. Fig. 2D is a perspective view of a patch panel plug

12 showing the ninth and tenth contacts 20 and 22. When the patch panel plug 12 is mated to an

intelligent patch panel port 28, the ninth and tenth contacts 20 and 22 of the plug 12 contact the

ninth and tenth contacts 24 and 26 of the intelligent patch panel port in a contact region 76

shown in Fig. 2C.

Fig. 3A is a perspective view of a switch plug 14. A PCB cover 78 covers the LED PCB

36. The PCB cover 78 is transparent or translucent, allowing light from the LED's 44 and 46 to

be seen at the rear of the cover. The plunger 80 that activates the switch 38 is also seen in Fig.

3A.

Fig. 3B shows a closer view of the switch mechanism 82. The plunger 80 is kept in an

extended position by a compression spring 84, which can abut another portion of the plug at its

opposing end. An extension 86 of the plunger 80 has a plunger contact 88 mounted thereon.

The plunger contact 88 is shown in Fig. 3B in its "normally closed" position, in which the



plunger contact 88 connects the pole 60 of the switch to the normally closed contact 42. As the

plunger 80 is depressed by the front face 8 1 of the Ethernet switch 74 (as shown in Fig. 2B), the

plunger contact 88 moves diagonally downwardly and to the right in the perspective shown in

Fig. 3B, eventually completing a connection between the pole 60 and the normally open contact

40. According to one embodiment, inward travel of the plunger 80 of approximately 0.040" will

make continuity between the pole 60 and the normally open contact 40.

Fig. 3C is an exploded view of the switch plug 14 showing: a main plug housing 90 that

houses a load bar 92 and a wire divider 94. A shield 96 may be provided for shielded

applications. A strain relief collar 98 is modified with features to accommodate the plunger 80,

the LED PCB 36, and the PCB cover 78, which latches to latch teeth 99 provided on the strain

relief collar 98. A plug boot 100 latches to boot latch teeth 102 of the strain relief collar 98.

Figs. 4A and 4B are perspective views of a wire termination region of the switch plug 14.

The ninth and tenth wires 16 and 18 are shown terminated at IDC's 32a and 32b respectively,

inserted into wire slots 104 and trimmed to be flush with the side wall of the strain relief collar

98.

Fig. 5 is a perspective view of the LED PCB 36 without the other components of the

switch mechanism 82.

Fig. 6 is a perspective view of the LED PCB 36 installed in the switch plug 14.

Fig. 7A is a front perspective view showing the PCB cover 78 ready for installation on

the switch plug 14, and Fig. 7B is a similar view from the rear. Fig. 7C shows the PCB cover 78

installed on the switch plug 14.

Figs. 8A-E show an alternate embodiment of a plug 15 that can be used in the present

invention. The plug 15 can have a cap 112, a PCB 36, and a plunger switch 81. As shown in Fig.

8B, the cap 112 can have a cap support 114 placed on the underside of the cap 112 to help

prevent any deflection due to a downward force placed on the cap 112, which could impair the

operation of and/or cause damage to the plunger switch 81. Figs. 8C and 8D show an

embodiment of a plunger switch 8 1 in which the plunger contact 88 curves around the underside

of the extension 86 of the plunger 80. Fig. 8E shows traces that form the pole 60, first switch

contact 40, and second switch contact 42 for the plunger switch 80. The first switch contact 40

and second switch contact 42 are separated by a gap 4 1 that is formed at an angle to enable a

make-before-break connection. Fig. 8E also shows the use of insulation piercing contacts 33a,

33b to form an electrical connection between the PCB 36 and ninth and tenth wires 18, 16.



While particular embodiments and applications of the present invention have been

illustrated and described, it is to be understood that the invention is not limited to the precise

construction and compositions disclosed herein and that various modifications, changes, and

variations may be apparent from the foregoing without departing from the spirit and scope of the

invention as described.



Claims:

1. A plug for use with a patch cord mapping system that utilizes first and second

management conductors, comprising:

a single-pole, double-throw switch, the switch having first and second switch

contacts and a pole, the switch configured to change states when the plug is inserted into

a jack, the pole being electrically connected to the second management conductor;

a first capacitor, the first capacitor having a first capacitance and being

electrically connected to the first management conductor and to the first switch contact;

a second capacitor, the second capacitor having a second capacitance and being

electrically connected to the first management conductor and to the second switch

contact, the first capacitance being different than the second capacitance.

2. The plug of claim 1, further comprising:

a first light-emitting diode, the first light emitting diode being electrically

connected to the first switch contact and being at least part of a circuit parallel to the first

capacitor; and

a second light-emitting diode, the second light emitting diode being electrically

connected to the second switch contact and being at least part of a circuit parallel to the

second capacitor.

3. The plug of claim 2, further comprising a zener diode electrically connected between the

first and second management conductors.

4. The plug of claim 4, wherein the first light-emitting diode and the second light-emitting

diode are different colors.

5. A mapping system for patch cords utilizing first and second management conductors,

comprising:

a plug, the plug comprising:



a single-pole, double-throw switch, the switch having first and second switch

contacts and a pole, the switch configured to change states when the plug is inserted into

a jack, the pole being electrically connected to the second management conductor;

a first capacitor, the first capacitor having a first capacitance and being

electrically connected to the first management conductor and to the first switch contact;

a second capacitor, the second capacitor having a second capacitance and being

electrically connected to the first management conductor and to the second switch

contact, the first capacitance being different than the second capacitance.

6. The mapping system of claim 5, wherein the plug further comprises:

a first light-emitting diode, the first light emitting diode being electrically

connected to the first switch contact and being at least part of a circuit parallel to the first

capacitor; and

a second light-emitting diode, the second light emitting diode being electrically

connected to the second switch contact and being at least part of a circuit parallel to the

second capacitor.

7. The mapping system of claim 6, further comprising patch panel circuitry configured to

charge the first or second capacitor, discharge the first or second capacitor, and measure the time

it takes to charge the first or second capacitor.

8. The mapping system of claim 7, wherein the patch panel circuitry comprises first and

second transistors, the transistors configured to charge the first or second capacitor when the first

transistor is turned on and the second transistor is turned off and to discharge the first and second

capacitors when the first transistor is turned off and the second transistor is turned on.

9. The mapping system of claim 8, wherein the first transistor is capable of electrically

connecting the first management conductor to a power source via a resistance and the second

transistor is capable of electrically connecting the first management conductor to signal ground.



10. The mapping system of claim 9, wherein the patch panel circuitry further comprises a

third transistor, the third transistor capable of electrically connecting the second management

conductor to signal ground.

11. The mapping system of claim 10, wherein the circuitry comprises a third capacitor, the

third capacitor being electrically connected between the first management conductor contact and

signal ground.
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