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TELECOMMUNICATIONS PATCH PANEL

This application is being filed as a PCT International Patent
Application in the name of ADC Telecommunications, Inc., a U.S. national
corporation and resident, on 13 November 2002, designating all countries except
US, and claiming priority to U.S. Serial No. 09/991,260 filed on 16 November 2001.

Field of the Invention

The present invention relates to a telecommunications connection
panel. More particularly, the present invention relates to a telecommunications

cross-connection patch panel with connectors on both sides of the panel.

Background of the Invention

Local area networks and telecommunications connections often use
patch panels, especially at customers premises to enable quick and convenient cross-
connection between telecommunications equipment. Twisted pair communications
cable is often used to link telecommunications devices to these patch panels, with
each cable including four twisted pairs or eight total individual wires.

Front connectors on these patch panels typically have jacks to receive
plug-type connectors, such as RJ-45 connectors. Such front connectors allow for
easy connection and disconnection between telecommunications equipment
electronically connected to the same patch panel or to patch panels located in
relatively close proximity to one another. These front connectors are mounted to a
circuit board within the panel and accessed through a faceplate of the panel. These
connectors are typically mounted so that the outermost surface of the connector is
flush with the faceplate and the remainder of the connector and the circuit board is
housed within the panel. The circuit boards are mounted to the rear of the faceplate
with screws and stand-offs to provide the offset spacing so that the connector is
properly positioned relative to the faceplate. Patch panels assembled in this fashion
include a high part count, are expensive to manufacture and are difficult to service.
Improvements to the mounting and positioning of front connectors in
telecommunications patch panels are desirable.

Often, the rear connectors on a patch panel are more permanent types

of connectors, such as insulation displacement connectors or wire wrap connectors.
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These types of connectors are suitable for this type of connection. However, the
quality of the electrical connection made with such a connector can vary with the
skill level of the person assembling the panel and the environment in which the
panel is mounted. Improvement to the rear connectors of telecommunication patch
panels is desirable.

The front and rear connectors within a patch panel are paired ﬁp, with
each front connector being electrically linked to a rear connector. The connectors
are often mounted to opposite sides of a circuit board, with circuit traces on the
circuit board providing the electronic connection between the paired front and rear
connectors. According to industry standards, the wires within each twisted pair
cable are color-coded and linked to spring contacts within the connectors in a
specified order. The connectors include pins extending from the connectors and
electrically linked with the spring contacts to electrically connect the wires in the
cables to the circuits on the circuit board. As higher frequencies are used for
transmission of electronic information through the circuitry, cross-talk becomes a
more substantial problem to the performance of the patch panel. Improvements to

current circuit board design to reduce cross talk are desirable.

Summary of the Invention

The present invention relates to a telecommunications module with a
circuit board including pairs of connectors mounted on opposing sides of the circuit
board, the circuit board held within a housing by structure that holds the circuit
board offset from the rear of the module and a connector accessible through an
opening in a rear wall of the module. Another aspect of the present invention relates
to a telecommunications patch panel including one or more modules mounted to the
rear of a faceplate, each module with a circuit board including pairs of electrically
linked connectors mounted on opposing sides of the circuit board, the circuit board
held within the module by structure that holds the circuit board offset from the front
and rear of the module with connectors accessible through a rear wall of the module
and through the faceplate.

A further aspect of the present invention relates to a method of
assembling a telecommunications module including a circuit board and a structure

for mounting the circuit board with the module so that connectors mounted to the
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circuit board are accessible through an opening in the rear wall of the module.
Another aspect of the present invention relates to a method of assembling a
telecommunications patch panel including one or more modules attached to the rear
of a faceplate.

The present invention also relates to a circuit board for mounting
pairs of telecommunications connectors on opposite sides, the circuit board
including circuit paths connecting the mounting locations, each circuit path paired
with and laid adjacent to another circuit path and each of the circuit paths positioned
on the circuit board without crossing another circuit path. A further aspect of the
present invention relates to a circuit board for mounting pairs of telecommunications
connectors on opposite sides, the circuit board including circuit paths connecting the
mounting locations, each circuit path paired with and positioned adjacent to another
circuit path and at least one pair of circuit paths lying on a separate layer of the

circuit board from the other pairs.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and
constitute a part of the description, illustrate several aspects of the present invention
and together with the description, serve to explain several aspects of the invention.
A brief description of the drawings is as follows:

FIG. 1 is a front perspective view of a telecommunications patch
panel according to the present invention.

FIG. 2 is a front view of the telecommunications patch panel of FIG.

FIG. 3 is a rear perspective view of the telecommunications patch
panel of FIG. 1.

FIG. 4 is a front perspective exploded view of the
telecommunications panel of FIG. 1.

FIG. 5 is a front perspective exploded view of a telecommunications
connector module in accordance with the present invention.

FIG. 6 is a rear perspective view of a housing for a
telecommunications connector module in accordance with the present invention with

a label shown separate from the housing.
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FIG. 7 is an top perspective view of the housing of FIG. 6.
FIG. 8 is a front view of the housing of FIG. 6.
FIG. 9 is a rear view of the housing of FIG. 6.
FIG. 10 is a bottom view of the housing of FIG. 6.
5 FIG. 11 is a side view of the housing of FIG. 6.
FIG. 12 is a cross-sectional view of the housing of FIG. 6, taken
along line A-A in FIG. 8.
FIG. 12A is an enlarged view of the circled area of FIG. 12.
FIG. 12B is the enlarged view of FIG. 12A showing a circuit board in
10  place within the housing.
FIG. 13 is a first perspective view of a telecommunications jack for
use with the telecommunications patch panel of FIG. 1.
FIG. 14 is a second perspective view of the jack of FIG. 13.
FIG. 15 is a view of the telecommunications ﬁlug receiving opening
15  ofthe jack of FIG. 13.
FIG. 16 is a top view of the jack of FIG. 13.
FIG. 17 is a side view of the jack of FIG. 13.
FIG. 18 is a view of the circuit board mounting end of the jack of
FIG. 13.
20 FIG. 19 is a front perspective view of the faceplate of the
telecommunications patch panel of FIG. 1.
FIG. 20 is a front view of the faceplate of FIG. 19.
FIG. 21 is a perspective view of a first side of a circuit board for use
with the telecommunications connector module of FIG. 6 with a plurality of
25  telecommunications jacks of FIG. 13 mounted.
FIG. 22 is a perspective view of a second side of the circuit board of
FIG. 21.
FIG. 22A is a end view of the circuit board of FIG. 21 showing the
orientation of a representative contact spring within each jack.
30 FIG. 23 is a partially exploded view of the circuit board of FIG. 21,
showing the mounting of a plurality of telecommunications jacks of FIG. 13 to the

first side of the circuit board.
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FIG. 24 is an exploded view of the circuit board of FIG. 22 with the
connectors removed from the first side of the board, showing the mounting of a
plurality of telecommunications jacks of FIG. 13 to the second side of the board.

FIG. 25 is a composite view of a circuit board for use with a

~ telecommunications patch panel according to the present invention, with circuits on

a first layer of the circuit board shown as hidden lines and circuits on a second layer
of the circuit board shown as solid lines, including six circuits on the circuit board.

FIG. 26 is an enlarged view of a single circuit of the circuit board of
FIG. 25.

FIG. 26A is a diagrammatic view of a first alternative circuit for a
circuit board in accordance with the present invention.

FIG. 26B is a diagrammatic view of a second alternative circuit for a
circuit board in accordance with the present invention.

FIG. 27 is a front perspective view of an alternative embodiment of a
telecommunications patch panel according to the present invention.

FIG. 28 is a rear perspective view of the patch panel of FIG. 27.

FIG. 29 is a first partially exploded front view of the patch panel of
FIG. 27, showing the front cover removed.

FIG. 30 is a second partially exploded front view of the patch panel
of FIG. 27, showing a circuit board with mounted jacks removed from a rear
housing.

FIG. 31 is a front perspective view of the rear housing of FIG. 30.

FIG. 32 is a rear perspective view of the rear housing of FIG. 30.

FIG. 33 is a rear view of the rear housing of FIG. 30.

FIG. 34 is a top view of the rear housing of FIG. 30.

FIG. 35 is a front view of the rear housing of FIG. 30.

FIG. 36 is a cross-sectional view of the rear housing of FIG. 30 taken
along line Y-Y as shown in FIG. 35.

FIG. 37 is a partial cross-sectional view of the rear housing of FIG.
30 taken along line Z-Z as shown in FIG. 35.
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Detailed Description of the Preferred Embodiments

‘ Referring now to FIGS. 1 through 4, a telecommunications patch
panel 10 including a faceplate 12 and four connection modules 14 is shown. As
shown, each module 14 includes six front connectors, shown as jacks 16 and an
equal number of rear connectors, shown as jacks 18, providing a total of twenty-four
connectors each on the front and rear of patch panel 10. Alternative configurations
of patch panel 10 with more or fewer modules 14 are anticipated. Also, alternative
modules 14 with more or fewer jacks 16 and 18 are anticipated. Front jacks 16 are
accessible through an opening 20 in faceplate 12 when module 14 is mounted to
faceplate 12 as shown in the FIGS. Each rear jack 18 is accessible through an
opening 24 of housing 22 of module 14. Openings 26 through flange 28, located on
both ends of faceplate 12 allow patch panel 10 to be mounted to a
telecommunications equipment rack or other fixtures having suitable structure to
hold patch panel 10. Modules 14 are removably held to faceplate 12 by removable
fasteners such as screws 30 extending through openings 32 in faceplate 12 and
engaging openings 34 of modules 14.

By including jacks 16 and 18 on both sides of patch panel 10, the
need to field terminate cables to connect cables to patch panel 10 has been
eliminated. Connections can be made to either side of the panel using preterminated
cables including standard plugs, avoiding mistakes possible in field termination.
Connection can be more quickly and easily made and changed by the use of plugs on
the cables connected to patch panel 10. Since each module 14 is removable from
patch panel 10 and cables easily disconnected from jacks 16 and 18 of each module,
field repairs can be carried out quickly.

As shown in the exploded view of module 14 in FIG. 5 and housing
22 in FIG. 6, openings 34 are located in bosses 36 located along sidewalls 40 of
housing 22. Sidewalls 40, along with a top 42, a bottom 44 and a rear wall 48,
define an outer shell of module 14. An opening 46, opposite rear wall 48 and
opening 24 in rear wall 48, provide access to a circuit board 50 and jacks 16 and 18
mounted to circuit board 50. Adjacent opening 24 in rear wall 48 is located an
indicia receiving area 52, adapted to receive an indicia strip 54, on which indicia of

the circuits connected to the jacks 18 may be marked. Housing 22 provides a degree
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of protection to circuit board 50 and jacks 16 and 18 to prevent accidental contact or
intrusion that may damage one of these items.

Within an interior 56 defined by sidewalls 40, top 42, bottom 44, rear
wall 48 and opening 46 is located structure for holding circuit board 50 within
housing 22. In the illustrated embodiment, the holding structure one or more ribs 58
and one or more tabs 60. The first preferred embodiment has ribs 58 and tabs 60
along bottom 44 within interior 56, and similarly located ribs 58 and tabs 60 along
top 42 within interior 56.

Referring now to FIGS. 7 through 12B, further detail of housing 22
and the structure for holding circuit board 50 within interior 56 of housing 22 is
shown. Each tab 60 is triangular is cross-section and includes a ramped surface 64 ‘
and a locking surface 66. Each rib 58 includes a locking surface 62 which opposes
locking surface 66 and in cooperation with locking surface 66 forms a circuit board
receiving space 68. Locking surface 62 is offset from opening 46 toward rear wall
48 to position circuit board 50 so that plug receiving end 70 (shown in FIG. 13) of
jack 16 is immediately adjacent opening 20 of faceplate 12 when module 14 is
attached as part of patch panel 10. Similarly, locking surface 66 is offset from rear
wall 48 toward opening 46 to position circuit board 50 so that plug receiving end 70
of jack 18 is adjacent opening 24 of housing 22 of module 14. In the first preferred
embodiment, circuit board 50 is held so that jacks 18 are essentially flush with rear
wall 48 and jacks 16 are essentially flush with faceplate 12 of patch panel 10.

Housing 22 is formed of a resilient deformable material to permit top
42, bottom 44 and tabs 60 to deform outward as circuit board 50 is inserted through
opening 46 into interior 56 and engage ramped surfaces 64. The combination of tabs
60 and top 42 and bottom 44 should be deformable enough to permit circuit board
50 to displace tab 60 sufficiently for circuit board 50 to enter circuit board receiving
space 68. Once circuit board 50 has entered circuit board receiving space 68, top 42,
bottom 44 and tabs 60 should be sufficiently resilient to permit tabs 60 to move
inward and capture circuit board 50 in circuit board receiving space by locking
surface 66. The deformability of top 42 and bottom 44 should also be sufficient to
permit top 42 and bottom 44 to be urged outward so that locking surfaces 66 release
circuit board 50 and the board can be removed from interior 56. Ribs 58 extend into

interior 56 only so far as necessary to adequately and securely prevent circuit board

7



WO 03/045073 PCT/US02/36480

10

15

20

25

30

from moving toward opening 24. Due to possible deflection of circuit board 50
along its longest dimension, it is desirable for ribs 58 to be located along the longest
walls of housing 22, i.e., top 42 and bottom 44.

As shown, three ribs 58 are spaced apart in interior 56 along both top
42 and bottom 44. Fewer ribs 58 would be adequate and more can be used as
desired. The number of ribs along top 42 and bottom 44 need not be the same. Two
tabs 60 are shown spaced apart along top 42 and bottom 44. More or fewer tabs
may be used. Tabs 60 are preferably located along top 42 and bottom 44 spaced at a
distance from sides 44 to permit adequate deformation of top 42 and bottom 44 to
release circuit board 50 from circuit board receiving space 68.

Referring now to FIGS. 13 through 18, a telecommunications jack 70
is shown. Jack 70 is the type used for both jack 16 and jack 18 in the FIGS. above.
Jack 70 shown is manufactured by the Stewart Co. and is part number SS-7188V-A-
NF. Jack 70 includes a body 72 with a top 73, a plug receiving opening 74 in one
side and a board mounting side 75 opposite plug receiving opening 74. Plug
receiving opening 74 is adapted to receive a plug attached to the end of a twisted
pair telecommunications cable. Slot 77 within plug receiving opening 74 is adapted
to receive and releasably hold a locking tab of the plug, the tab being located on the
opposite side of the plug from the contacts within the plug. As shown, opening 74
conforms to an RJ-45 standard and is adapted to receive an RJ-45 plug connected to
an unshielded twisted pair cable. It is anticipated that other similar format plugs and
connectors may be adapted within the scope of the present invention.

When an RJ-45 plug is inserted within opening 74, contacts on the
plug which are electrically connected to wires within the telecommunications cable,
are placed in electrical contact with springs 76. Springs 76 are in electrical contact
with pins 78 extending from body 72 on board mounting side 75. The combination
of pins 78 and springs 76 allow wires within the telecommunications cable to be
élec’m'cally linked with circuits on a circuit board 50 (shown and discussed further
below). Pins 78 are numbered from 1 to 8, as shown in FIG. 18.

Also extending from board mounting side 75 are posts 80, provided
to allow jack 70 to be mounted to circuit board 50. Each post 80 as shown is made
of a resilient deformable material and includes a ramped surface 82, a wide portion

84 and a narrower portion 86. A pair of spaced apart posts 80 cooperate with a pair
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of similarly spaced apart post openings 88 in circuit board 50 (as described below)
to mount jack 70 to circuit board 50. Ramped surfaces 82 engage a first side of
circuit board 50 at post openings 88 and deflect posts 80 inward sufficiently for wide
portions 84 to enter and pass through post openings 88. Once wide portion 84
passes through post opening 88, posts 80 return to their original shape, forcing wide
portions 84 to engage a second side of circuit board 50 and hold jack 70 to circuit
board 50.

FIGS. 19 and 20 show further features of faceplate 12. Faceplate 12
includes flanges 28 with mounting openings 26, module mounting openings 32 and
front connector access openings 20. Faceplate 12 also includes indicia holders 90
adjacent openings éO. A location within an indicia holder 90 is provided
corresponding to every jack 16 accessible through openings 20, to receive indicia of
the circuit to which that jack 16 is connected.

FIGS. 21 and 22 show a front 55 and a rear 57, respectively, of circuit
board 50 with jacks 16 and 18 mounted to front 55 and rear 57, respectively. Pins
78 from each jack 16 and 18 extend through pin openings 92 in circuit board 50
when posts 80 of each jack 16 and 18 are inserted into post openings 88 and wide
portions 84 of each post 80 engages circuit board 50. In addition to be mounted on
opposite sides of circuit board 50, jacks 18 are inverted with respect to jacks 16.
Top 73 of each jack 16 is oriented toward a first edge 51 of circuit board 50, while
top 73 of each jack 18 is oriented toward a second opposite edge 53 of circuit board
50. A plug oriented for insertion into a jack 16 would have to be rotated about the
axis of insertion one half turn to fit within jack 18. FIG. 22A illustrates the inverted
orientation of springs 76, top 73 and slot 77 between jacks 16 and 18 when mounted
to circuit board 50 in the illustrated embodiment. FIG. 23 shows rear 57 of circuit
board 50, with jacks 18 exploded from circuit board 50, showing pin openings 92
and post openings 88. FIG. 24 shows front 55 of circuit board 50 with jacks 18
removed and jacks 16 exploded, showing the arrangement of pin openings 92 and
post openings 88 for both jacks 16 and jacks 18.

Referring now to FIGS. 25 and 26, circuit traces 100 on circuit board
50 linking openings 92 are shown. FIG. 25 shows the layout of openings 92 on
circuit board 50 adapted for mounting six jacks 16 to front 55 and six jacks 18 to

rear 57. Openings 92 are configured in an array and define a mounting location 96

9



WO 03/045073 PCT/US02/36480

10

15

20

25

30

on front 55 for each jack 16 and a mounting location 98 on rear 57 for mounting
each jack 18. The array of openings 92 of mounting location 98 is positioned in a
mirror image of the array of openings 92 of mounting location 96, to permit jacks 16
and 18 to be mounted on opposite sides of circuit board 50 with springs 76 of each
jack 16 inverted with respect to each jack 18 as shown in FIG. 22A. An individual
circuit 94 is defined to include one mounting location 96, one mounting location 98,
and the circuit traces 100 that connect the two mounting locations.

FIG. 26 shows an individual circuit 94 with openings 92 of mounting
location 96 numbered from 1 to 8, corresponding to the numbering of pins 78 of
connector 70, shown in FIG. 16, when mounted as a jack 16. Openings 92 of
mounting location 98 are also numbered from 1 to 8 to correspond to the numbering
of pins 78 of jack 70 shown in FIG. 16, when mounted as a jack 18. Circuit trace
102 provides an electrical connection between openings 92 numbered 1 of mounting
locations 96 and 98. Similarly, circuit trace 104 connects openings 92 numbered 2,
circuit trace 106 connects openings 92 numbered 3, circuit trace 108 connects
openings 92 numbered 4, circuit trace 110 connects openings 92 numbered 5, circuit
trace 112 connects openings 92 numbered 6, circuit trace 114 connects openings 92
numbered 7, and circuit trace 116 connects openings 92 numbered 8.

To reduce cross-talk that can degrade the speed or quality of data
being transmitted across circuit traces 100 of circuit board 50, different traces are
paired together and these traces are positioned adjacent to one another on circuit
board 50. These pairings correspond to the pairing of wires twisted together within
the telecommunications cable connected to a jack 16 or 18. Traces 102 and 104 are
paired together, as are traces 106 and 112, traces 108 and 110, and traces 114 and
116. Each pair of traces is spaced apart from the other pairs.

To improve impedance and further reduce cross-talk, an increased
level of mutual capacitance is desirable in the pair of traces 106 and 112. To
accomplish this increased level of mutual capacitance in these traces relative to the
other traces in an individual circuit 94, traces 106 and 112 are formed in a
intertwined comb pattern, as shown in the unbroken lines in FIG. 25A. Since these
traces overlay the physical location of other traces in individual circuit 94, traces
106 and 112 with increased capacitance are located on a first trace layer of circuit

board 50 from the other traces. These other traces, 102, 104, 108, 110, 114 and 116,
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are shown in broken lines in FIGS. 25 and 26 but represent unbroken electrical
pathways on a second trace layer of circuit board 50.

A first alternative circuit board 50 containing circuitry 194 on a
single trace layer is shown in FIG. 26A. A second alternative circuit board 50
containing circuitry 294, with the same pairing of traces described above with regard
to FIGS. 25 and 26, is shown in FIG. 26B with traces 106 and 112 in dashed lines to
indicate they are located on a second circuit trace layer but not incorporating a
layout providing increased capacitance.

FIGS. 27 and 28 show a second alternative telecommunications
connection module 150 in accordance with the present invention. Module 150
includes a housing 152, a faceplate 154, a plurality of front connectors 156 and a
plurality of rear connectors 158. Releasable anchor 155 is provided to removably
mount faceplate 154 to a panel, wall or bulkhead. As shown, front connectors 156
are RJ-45 jacks 156 and rear connectors 158 are insulation displacement connectors
(IDCs) 158. It is anticipated that module 150 could include other, similar format
connectors as front jacks 156 and rear IDCs 158. FIG. 29 shows module 150 with
faceplate 154 exploded from housing 152, to disclose circuit board 160 to which the
front and rear connectors are mounted and opening 162 in faceplate 154 through
which front jacks 156 may be accessed.

Referring now to FIG. 30, showing circuit board 160 exploded from
housing 152, removable fasteners such as screws 164 extend through openings 162
in circuit board 160 to secure faceplate 154 to module 150. Alignment pin 168
extends through an alignment opening 170 in circuit board 160 to ensure the correct
orientation of circuit board 160 within housing 152. Rear IDCs 158 extend from
circuit board 160 through openings 172 in housing 152.

Referring now to FIGS. 31 through 37, additional details of housing
152 to mount and position circuit board 160 are shown. Housing 152 includes a top
174, a bottom 176, opposing sides 178, and a rear wall 180, all of which cooperate
to generally define an interior 182 to receive circuit board 160. Secondary rear walls
190 extend generally parallel to rear wall 180 as shown, and include openings 172
for rear IDCs 158, and openings 188 for removable fasteners such as screws 164
which hold faceplate 154 to housing 152. Mounted to secondary rear walls 190 are
ribs 184, which cooperate with tabs 186 along top 174 and bottom 176 to define a

11
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releasable catch and standoff for holding circuit board 160 within interior 182 so that
front jacks 156 and rear IDCs 158 are properly positioned within openings 162 and
172, respectively.
As shown in FIGS. 36 and 37, ribs 184 extend from secondary rear
5  wall 190 into interior 182 and have a surface 192 against which circuit board 160

rests when installed within interior 182. Tabs 186 include ramped surface 194 and
locking surface 196. Locking surface 196 and surface 192 cooperate to define a
space 198 for receiving and holding circuit board 160 within interior 182. Top 174
and bottom 176 should be made of a deformable resilient material so that circuit

10  board 160 inserted into interior 182 will engage ramped surfaces 194 of tabs 186 and
force tabs 186 and top 174 and bottom 176 outward. When tabs 186 have deflected
enough to permit circuit board 160 to pass into space 198, tabs 186 and top 174 and
bottom 176 return to the positions shown in FIG. 36, so that locking surface 192
traps circuit board 160 in space 198. Circuit board 160 can be released from space

15 198 by deflecting top 174 and bottom 176 outward sufficiently for locking surface
196 to release circuit board 160, allowing circuit board 160 to be removed from
interior 182.

The above specification, examples and data provide a complete

description of the manufacture and use of the composition of the invention. Since

20  many embodiments of the invention can be made without departing from the spirit

and scope of the invention, the invention resides in the claims hereinafier appended.
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What Is Claimed Is:

1. A circuit board comprising:

a first major side, an opposing second major side, a top edge and a

bottom edge;

a first telecommunications jack mounted on the first major side of the
board;

a second telecommunications jack mounted on the second major side
of the board;

wherein the telecommunications jacks are each eight pin jacks
including eight contact springs within each jack, each contact spring electrically
connected with a pin;

wherein the telecommunications jacks are inverted with respect to
one another so that the contact springs of the first telecommunications jack are
inverted relative to the contact springs of the second telecommunications jack; and

circuitry on the circuit board electrically connects the pins of the first

telecommunications jack with the pins of the second telecommunications jack.

2. The circuit board of claim 1, wherein the telecommunications jacks are RJ-
45 jacks.
3. The circuit board of claim 1, wherein the first and second

telecommunications jacks are a first pair of telecommunications jacks and at least

one additional pair of telecommunications jacks are mounted on the circuit board.

4, The circuit board of claim 1, wherein the circuitry is located on a single layer

of the circuit board.
5. The circuit board of claim 1 wherein the circuitry is positioned on a single

layer of the circuit board and remains on the same layer from the first

telecommunications jack to the second telecommunications jack.

13
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6. The circuit board of claim 1, wherein the circuitry includes multiple circuits
and the circuits are positioned on two layers of the circuit board and each circuit
remains on the same layer of the circuit board from the first telecommunications

jack to the second telecommunications jack.

7. The circuit board of claim 1, wherein the first and second
telecommunications jacks are a first pair of telecommunications jacks and at least

one more pair is mounted on the circuit board.

8. The circuit board of claim 7, wherein six pairs of telecommunications jacks

are mounted to the circuit board.

9. A circuit board comprising:

a first mounting location for receiving a first telecommunications
connector on a first side of the circuit board and a second mounting location for
receiving a second telecommunications connector on a second side of the circuit
board;

each mounting location including an array of openings for receiving
and electrically connecting with pins extending from a telecommunications
connector, the pins electrically connected with conductor springs within the
telecommunications connector;

a plurality of circuits positioned on the circuit board, each circuit
electrically connecting an opening in the array of openings of the first mounting
location with an opening in the array of openings of the second mounting location;

each of the circuits positioned on the circuit board with no circuit
crossing another circuit, each circuit being paired with another circuit, the circuits in
each pair proximate to one another on the circuit board, and each pair of circuits

spaced apart from each of the other pairs of circuits.
10.  The circuit board of claim 9, wherein each circuit remains on the same layer

from the opening in the first mounting location to the opening in the second

mounting location.
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11. The circuit board of claim 10, wherein each of the arrays of openings has
eight openings;

the openings at the first mounting location arranged into a lower row
of four openings numbered sequentially 1, 3, 5 and 7, and an upper row of four
openings offset from the lower row and numbered sequentially 2, 4, 6 and 8;

the openings of the second mounting location arranged into an upper
row of four openings numbered sequentially 1, 3, 5 and 7, and a lower row of four
openings offset from the upper row and numbered sequentially 2, 4, 6 and 8;

one of the circuits connecting each numbered opening of the first
mounting location with the corresponding numbered opening of the second
mounting location; and

the circuit connecting openings 1 paired with the circuit connecting
opening 2, the circuit connecting openings 3 paired with the circuit connecting
openings 6, the circuit connecting openings 4 paired with the circuit connecting
openings 5, and the circuit connecting openings 7 paired with the circuit connecting

openings 8.

12.  The circuit board of claim 11, wherein a first telecommunications jack is
mounted at the first mounting location and a second telecommunications jack is

mounted at the second mounting location.

13.  The circuit board of claim 12, wherein the first and second

telecommunications jacks are RJ-45 jacks.

14.  The circuit board of claim 11, wherein the array of openings at the second
mounting location is positioned in a configuration which is a mirror image to a
configuration in which the array of openings in the first mounting location is

positioned.

15. A circuit board comprising:
at least two layers for receiving circuits;
a first mounting location for receiving a first telecommunications

connector on a first side of the circuit board and a second mounting location for
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receiving a second telecommunications connector on a second side of the circuit
board;

each mounting location including an array of openings for receiving
and electrically connecting with pins extending from a telecommunications
connector, the pins electrically connected with conductor springs within the
telecommunications connector;

a plurality of circuits on the circuit board, each circuit electrically
connecting an opening in the array of openings of the first mounting location with an
opening in the array of openings of the second mounting location;

each of the circuits positioned on one of the layers of the circuit board
with no circuit crossing another circuit on the same layer, each circuit being paired
with another circuit on the same layer, and at least one of the pairs of circuits is
located on a layer of the circuit board isolated from the remaining pairs;

the circuits in each pair proximate to one another on the circuit board,

and each pair of circuits spaced apart from other pairs of circuits on the same layer.

16.  The circuit board of claim 15, wherein each circuit remains on the same layer
from the opening in the first mounting location to the opening in the second

mounting location.

17.  The circuit board of claim 16, wherein each of the arrays of openings has
eight openings;

the openings at the first mounting location arranged into a lower row
of four openings numbered sequentially 1, 3, 5 and 7, and an upper row of four
openings offset from the lower row and numbered sequentially 2, 4, 6 and 8;

the openings of the second mounting location arranged into an upper
row of four openings numbered sequentially 1, 3, 5 and 7, and a lower row of four
openings offset from the upper row and numbered sequentially 2, 4, 6 and 8;

one of the circuits connecting each numbered opening of the first
mounting location with the corresponding numbered opening of the second
mounting location; and

the circuit connecting openings 1 paired with the circuit connecting

opening 2, the circuit connecting openings 3 paired with the circuit connecting
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openings 6, the circuit connecting openings 4 paired with the circuit connecting
openings 5, and the circuit connecting openings 7 paired with the circuit connecting
openings 8;

the pair of circuits connecting openings 3 and openings 6 on a first
layer of the circuit and the remaining circuit pairs on a second layer of the circuit
board.

18.  The circuit board of claim 17, wherein an increased amount of mutual

capacitance is provided in the circuits connecting openings 3 and openings 6.

19. The circuit board of claim 18, wherein the increased amount of mutual
capacitance is provided without the addition of external components to the circuits

connecting openings 3 and openings 6.

20. The circuit board of claim 19, wherein the increased amount of mutual
capacitance is provided by positioning the circuits connecting openings 3 and

openings 6 in an intertwined comb layout.

21.  The circuit board of claim 17, wherein the circuits connecting openings 3 and
openings 6 each include at least one stub circuit and the remaining circuits are

positioned in a generally linear fashion without any stub circuits.

22. The circuit board of claim 21, wherein the stub circuits of the circuits
connecting openings 3 and openings 6 cooperate to form an intertwined comb

layout.
23.  The circuit board of claim 22, wherein a first telecommunications jack is
mounted at the first mounting location and a second telecommunications jack is

mounted at the second mounting location.

24.  The circuit board of claim 23, wherein the first and second

telecommunications jacks are RJ-45 jacks.
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25. The circuit board of claim 24, wherein the first and second
telecommunications jacks are a first pair of jacks and at least one more pair of jacks

is mounted on the circuit board.

26.  The circuit board of claim 25, wherein six pairs of jacks are mounted on the

circuit board.

18
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