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HIGH SPEED PLUG

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a non-provisional patent application that claims the benefit of and
the priority from U.S. Provisional Patent Application No. 62/195,027, filed July 21, 2015, titled
HIGH SPEED PLUG and U.S. Non-Provisional Patent Application No. 14/952,458, filed

November 25, 2015, titled HIGH SPEED PLUG.

BACKGROUND OF THE INVENTION

[0002] Current network plug technology limits the amount of data that can be transmitted
from a cable connected to one portion of a plug to a device connected to a second portion of the
plug. As data communication speeds increase, the need to provide a properly grounded
connection between two points becomes critical.

[0003] Currently, grounding of network connections requires manual manipulation of a
grounding wire to a plug. Often, this manual manipulation results in an improper ground
connection that may result in loss of data transmission due to transient signals. Further, manual
manipulation of the plug requires additional man hours to terminate and test each connection,
thereby increasing costs of installation of network connection points.

[0004] A need exists for a plug that creates a proper ground connection without manual

manipulation of the plug.

BRIEF SUMMARY OF THE INVENTION

[0005] One embodiment of the present disclosure includes a communication plug that may
include a substrate having a top surface, a bottom surface, opposing side surfaces and opposing

end surfaces, a grounding plane in the substrate, a grounding strip on a side surface of the
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substrate in electrical communication with the grounding plane wherein the grounding strip is
electrically connected to the ground plane in the substrate.

[0006] In another embodiment, the plug may include a plurality of openings in the sides of
the substrate.

[0007] In another embodiment, the plug may include a plurality of pin vias in one of the
substrate.

[0008] In another embodiment, the plug may include a plurality of wire vias in the substrate,
the wire vias being located adjacent to each opening.

[0009] In another embodiment, the plug may include a connection pad formed on the surface
of the substrate around each wire via.

[0010] In another embodiment, the connection pad may include a circular portion extending
around the periphery of the wire vias and a triangular portion extending from the circular portion
towards an opening in the substrate.

[0011] In another embodiment, the plug may include a plurality of traces on the top surface
of the substrate, each trace extending from a pin via to a connection pad.

[0012] In another embodiment, the plug may include at least two of the plurality of traces are
on the bottom of the substrate.

[0013] In another embodiment, the plug may include a securing unit having a portion
inserted into the wire via and a portion covering the connection pad.

[0014] In another embodiment, the plug may include a second grounding adjacent to the
grounding plane in the substrate.

[0015] Another embodiment of the present disclosure may include a method of forming a

communication plug including the steps of forming a bottom layer of a substrate, forming a sub
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layer on the bottom layer, the sub layer including a first grounding plane, forming a middle layer
on the grounding layer, the middle layer having a grounding plane, forming a top layer on the
substrate, forming pin vias in the substrate, forming openings in opposing sides of the substrate,
forming wire vias adjacent to each opening in the substrate, forming a grounding surface on
opposite sides of the substrate on the top layer and bottom layer of the substrate, the grounding
surface being in electrical communication with the first grounding layer and the second
grounding layer, and forming traces on the top layer and bottom layer between the wire vias and
pin vias.

[0016] In another embodiment, the method may include the step of inserting a pin in each pin
via.

[0017] In another embodiment, the method may include the step of forming a connection pad
around each wire via.

[0018] In another embodiment, the method may include the step of forming the connection
pad includes the step of forming a circular portion extending around the periphery of the wire
vias and forming a triangular portion extending from the circular portion towards an opening in
the substrate.

[0019] In another embodiment, the method may include the step of forming the traces
includes forming the traces from each pin via to a corresponding connection pad.

[0020] In another embodiment, the method may include the step of inserting the substrate
into a plug housing, the plug housing having openings in side surface so of the housing that

correspond to the openings formed in the substrate.



WO 2017/014902 PCT/US2016/038992

[0021] In another embodiment, the method of forming the traces may include forming a first
group of traces on the top surface of the substrate and a second group of traces on the bottom
surface of the substrate.

[0022] In another embodiment, the method may include the step of inserting a pin on a from
portion of a securing into each wire via and positioning a lower portion of the securing unit over
the connection pad corresponding to the wire via accepting the pin.

[0023] In another embodiment, the housing may include a plurality of openings over the pin
vias, each opening being sized to accommodate a pin.

[0024] In another embodiment, each securing unit may secure one wire in electrical

communication with a connection pad.

BRIEF DESCRIPTION OF THE
SEVERAL VIEWS OF THE DRAWING

[0025] Details of the present invention, including non-limiting benefits and advantages, will
become more readily apparent to those of ordinary skill in the relevant art after reviewing the
following detailed description and accompanying drawings, wherein:

[0026] FIG. 1A depicts a high speed communication plug that is consistent with the present
disclosure;

[0027] FIG. 1B depicts a close up view of the via and solder pad with the IDC removed,
[0028] FIG. 1C depicts a side view of the plug including an IDC installed in a via;

[0029] FIG. 2 depicts a top view of a bottom layer of a multi-layer high speed plug;

[0030] FIG. 3 depicts a top view of a second layer of a multi-layer high speed plug;

[0031] FIG. 4 depicts a top view of a third layer of a multi-layer high speed plug;

[0032] FIG. 5 depicts a top view of a upper layer of the multi-layer high speed plug;

[0033] FIG. 6 depicts a top layer of the multi-layer high-speed plug;
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[0034]
[0035]
[0036]
[0037]
[0038]
[0039]
[0040]

[0041]

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

into the vias.

[0042]
[0043]
FIG. 15;
[0044]
[0045]
[0046]
[0047]

[0048]

[0049]

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

7 discloses a top view of a lower layer of the multi-layer plug;

8 depicts one embodiment of a plug;

9 depicts the plug of FIG. 8 inserted into a jack;

10 depicts a front view of the plug of FIG. 8 engaging the jack;

11 depicts a grounding strip on the substrate of the plug of FIG. 8;
12 depicts a side view of the substrate and grounding strip of FIG. 8;
13 depicts a side view of the plug of FIG. 8 inserted into a jack; and

14 depicts a top view of the substrate of FIG. 8 with connection tabs inserted

15 depicts one embodiment of a high speed communication plug;

16A depicts a top layer of the substrate of the high speed communication plug of

16B depicts a sub layer of the substrate that is poisoned adjacent to the top layer;
16C depicts the bottom layer of the substrate;

17 depicts the substrate inserted into a plug housing;

18 depicts a view of the substrate inserted into the plug housing;

19 depicts a break away view of the high speed communication plug.

DETAILED DESCRIPTION OF THE INVENTION

1A depicts a high speed communication plug 100 that is consistent with the

present disclosure. The plug 100 includes a substrate 102 having a first group of vias 104

through the substrate 102 with each via 104 being connected to a second via 108 by a trace 106.

The trace 106 is formed on a top surface of the substrate 102 and is made of an electrically

conductive material such as copper. A plurality of insulation displacement contacts (“IDC”) 112
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are positioned in the vias 108. The IDC 112 may be made of a metal including, but not limited
to, copper. Each IDC 112 is positioned over an opening 110 in the substrate 102. Each IDC 112
and opening 110 is configured to accept a wire or cable. In one embodiment, the wire is a 24
gauge cable. In another embodiment, the wire is a 26 gauge wire. In another embodiment, the
wire is a threaded wire. In another embodiment, the wire is a solid wire.

[0050] The openings 110 may be offset at an angle from the horizontal or may be
perpendicular to the side surface of the substrate 102. In one embodiment, a group of openings
110 are offset and a group of openings 110 are not offset. In another embodiment, each opening
110 1s offset. In another embodiment, the opening 110 is blind and does not exit the substrate
102. In another embodiment, each opening is perpendicular to the side of the substrate 102. In
another embodiment, the IDC 112 includes a wire guide (not shown).

[0051] FIG. 1B depicts a close up view of the via 108 and solder pad 114 with the IDC 112
removed. The solder pad 114 is formed on the top surface of the substrate 102 is and configured
to secure an IDC 112 to the substrate 102 when an IDC 112 is inserted into a respective via 108.
A portion of the solder pad 114 between the opening 110 and the via 108 is substantially
triangular in shape. An area 116 on the substrate 102 between the opening 110 and the solder
pad 14 is empty to allow for movement when a wire is inserted into the IDC 112. FIG. 1C
depicts a side view of the plug 100 including an IDC 112 installed in a via 108. The IDC 112 is
positioned on the solder pad 114 and in the via 108 such that the IDC 112 is parallel with the top
surface of the substrate. By inserting the IDC 112 into the via and above the solder pad 114, the
capacitance of the IDC 112 is reduced.

[0052] FIG. 2 depicts a top view of a bottom layer of a multi-layer high speed plug. The

bottom layer includes 200 includes a first group of vias 202 and a second set of vias 204 with
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half of the first group of vias are connected by a trace 206 to a corresponding second via 204,
and a grounding plane 208 and a plurality of grounding vias 210. FIG. 3 depicts a top view of a
second layer of a multi-layer high speed plug. The second layer includes the first vias 202 and
second vias 204 and a grounding plane 302. FIG. 4 depicts a top view of a third layer of a multi-
layer high speed plug. The third layer includes the first vias 202 and second vias 204 and a
grounding plane 402.

[0053] FIG. 5 depicts a top view of a upper layer of the multi-layer high speed plug. The
upper layer includes the first vias 202 and second vias 204. The first vias 202 not connected to a
second via 204 in the lower layer are connected via traces 506. A grounding plane 500 extends
across the surface of the upper layer in the area of the grounding vias 210. FIG. 6 depicts a top
layer of the multi-layer high-speed plug. The top layer includes the first vias 202 and second
vias 206 and a grounding plane 600. FIG. 7 discloses a top view of a lower layer of the multi-
layer plug. The top layer includes the first vias 202 and second vias 204 along with the
grounding vias 208.

[0054] When assembled, the first vias 202 and second vias 204 extend through each layer of
the multi-layer plug. The grounding vias 208 extend through each layer of the multi-layer plug
electrically connecting the grounding planes in each layer.

[0055] FIG. 8 depicts one embodiment of a plug 800. A first group of vias 804 is formed
through a substrate 802 with each first via 804 being connected to a second via (not shown) by a
trace (not shown). Grounding strips 806 are formed on the sides of the substrate 802 between the
first group of vias 804 and the second group of vias (not shown). The grounding strips 806 are
electrically connected to at least one grounding plane in the substrate 802. The grounding strips

806 are formed on a side surface of the substrate 802 with the side surface being perpendicular to
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the top surface of the substrate 802. The grounding strips 806 may be formed of any conductive
material including, but not limited to, gold or copper.

[0056] FIG. 9 depicts the plug 800 inserted into a jack 900. The jack 900 includes grounding
planes 902. In one embodiment, the jack 900 is an RJ-45 jack and the plug 800 is an RJ-45 plug.
The grounding planes 902 are positioned in the jack 900 such that each grounding plane
conductively engages a respective grounding strip 806 on the plug 800. When the plug 800 is
inserted into the jack 900, the grounding strips 806 and grounding planes 902 create a grounding
connection between the jack 900, plug 800 and the circuit board (not shown) connected to the
jack 900.

[0057] FIG. 10 depicts a front view of the plug 800 engaging the jack 900. The grounding
planes 902 are in contact with the grounding strips 806 when the plug is inserted into the jack.
By forming the grounding strip 806 on the plug such that the grounding strip 806 is in contact
with the grounding plane 902 of a jack 900 when the plug 800 engages the jack 900, manual
manipulation of a grounding wire is not required, thereby reducing costs of installing the plug
800. Further, because the plug 800 is properly grounded to the jack 900, the performance of the
plug 800 is improved.

[0058] FIG. 11 depicts a grounding strip 806 on the substrate 802 of a plug 800. Connection
tabs 1100 are inserted into the vias 804 to allow for the connection of wires. The grounding strip
806 may be a thin foil made of conductive material that is wrapped around a side of the substrate
802 and a portion of the top surface and bottom surface of the substrate. FIG. 12 depicts a side
view of the substrate 802 and grounding strip 806. FIG. 13 depicts a side view of the plug 800
inserted into a jack 900. FIG. 14 depicts a top view of the substrate 802 with connection tabs

1100 inserted into the vias 804.
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[0059] FIG. 15 depicts one embodiment of a high speed communication plug. The plug
1500 includes a multi-layer substrate 1502 with openings, or slots, 1504 formed in the substrate.
Securing units 1506 are positioned in each opening 1504 on a top of bottom surface of the
substrate 1502. A plurality of pins 1508 are positioned on an end of the substrate 1502 and two
openings 1510 are formed on an end of the substrate 1502 opposite the pins 1508. Ground strips
1512 are formed on opposite sides of the substrate 1502 near the pins 1508.

[0060] FIG. 16A depicts a top layer of the substrate of the high speed communication plug
1500 of FIG. 15. The top layer of the substrate 1502 includes vias 1600 that are sized to
accommodate pins 1508. A trace 1602 connects each via 1600 and connection pad 1604
positioned near an associated opening 1504 to a corresponding pin 1508 on an opposite end of
the substrate 1502. The connection pads 1604 are identical to the connection pads in FIG. 1B.
The top surface includes traces 1602 connecting a portion of the connection pads 1614 to
corresponding pins 1508 and the bottom surface includes traces (not shown) for connecting the
other connections pads 1614 to corresponding pins 1508 by traces. Grounding surfaces 1614 are
positioned on opposite sides of the substrate 1502 near the vias 1600. The grounding surface
1614 engages the grounding strips 1512 when plug is assembled.

[0061] FIG. 16B depicts a sub layer of the substrate that is poisoned adjacent to the top layer.
The sub layer includes a grounding plane 1606 extending from an area adjacent to the vias 1600
to an area adjacent the side of the substrate 1502 opposite the vias 1600. The grounding plane
1606 may formed of any conductive material including copper and copper alloys. Vias 1608 are
positioned near each opening 1504 to connect the connection pad 1604 to the back surface of the
substrate 1600. FIG. 16C depicts a middle layer of the substrate having the same configuration

as the sub layer. The grounding planes 1606 in the sub layer and middle layer both include
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portions that are in electrical contact with the grounding surface 1614. Each of the vias 1600 and
1608 are concentrically aligned in each layer to provide a passageway from the top surface to the
bottom surface of the substrate 1502.

[0062] FIG. 16C depicts the bottom layer of the substrate. The bottom layer includes vias
1608 that connect the top layer or the substrate 1502 to the bottom layer of the substrate 1502
such that pins 1508 inserted into the vias 1600 electrically connect the top surface to the bottom
surface. A plurality of traces 1612 connect the vias 1600 to the connection pads 1604 on the
surface of the back layer. Each connection pad 1604 on the top layer and bottom layer of the
substrate 1502 is positioned over a corresponding via 1608 such that each via 1608 connects the
top layer to the bottom layer. The top layer and bottom layer of the substrate 1502 include
grounding surfaces 1614 positioned on an end of the substrate 1602 near the vias 1600. The
grounding surfaces 1614 are electrically connected to the grounding planes 1606 in the sub layer
and middle layer of the substrate 1502 to provide a connection between the grounding strips
1614 and the ground planes 1606. In one embodiment, the traces 1612 on the bottom surface are
formed for vias 1600 and connection pads 1604 not connected to traces 1602 on the top layer of
the substrate 1502.

[0063] FIG. 17 depicts the substrate inserted into a plug housing. The plug housing 1700
may be made of any known material used for making communication plugs including plastic or
metal. Each side of the plug housing 1700 includes wire openings 1702 with each wire opening
1704 being aligned to an opening 1504 on the substrate. Each wire opening 1702 is sized to
accommodate a solid core or stranded wire. In one embodiment, the wire is a #24 wire. In
another embodiment, the wire is a #22 wire. The plug can accept any number of wires based on

the size and density of the substrate. In one embodiment, the substrate accepts a single pair of

10
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wires. In another embodiment, the substrate accepts twelve pairs of wires. When a wire (not
shown) is inserted into the wire opening 1702 the wire is guided by the wire opening 1702 into a
securing unit 1506 positioned in the opening 1502 corresponding to the wire opening 1702 such
that the wire engages the securing unit 1506 to secure the wire in the opening 1502 and to
provide an electrical connection between the wire and the connection pad 604 via the securing
unit 1506.

[0064] The plug housing 1700 includes grounding openings 1704 on each side of the plug
with the grounding openings 1704 aligning with the grounding strips 1512 such that the
grounding strips 1512 extend through the opening when the substrate 1502 is inserted into the
plug housing 1700. By exposing the grounding strips 1512 through the plug housing 1700, the
plug can be grounded to a high speed communication jack without any additional crimping or
wiring thereby increasing the reliability of the ground connection, and reducing the labor
required to install and ground the plug. The plug housing 1700 includes a plurality of pin
openings 1706 one the end of the plug hosing 1700 opposite the substrate 1502 with each pin
housing aligning with a pin 1508 on the substrate 1502 when the substrate 1502 is inserted into
the plug housing 1700.

[0065] FIG. 18 depicts a view of the substrate inserted into the plug housing. The securing
unit 1506 is inserted into each opening 1504 such that a pin 1800 on an end of the securing unit
1506 is inserted into the via 1608. The securing unit 1506 is positioned over a connection pad
1604 with the connection pad 1604 extending around the periphery of the via 1608. The
securing units 1506 are inserted into openings 1504 on the top surface and bottom surface of the

substrate 1502. The securing units 1504 may be made of any conductive material including

11
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copper and copper allows. Traces 1602 connect the each connection pads 1604 to the pins 1508.
The traces 1602 may connect the pins 1800 of a securing unit 1506 to the pins 1508.

[0066] FIG. 19 depicts a break away view of the high speed communication plug. The plug
includes the substrate 1502 having a plurality of vias 1608 with each via 1608 having a
connection pad 1614 extending around the periphery of the via 1608 and forming a triangular
shape on the side of the via 1608 closest to the opening 1502. Securing units 1506 include pins
1800 on one end of the securing unit 1506 with each pin 1800 being sized to engage a
corresponding via 1608. Each securing unit 1506 is inserted into a respective opening 1502 by
inserting the pin 1800 into the via 1608 and positioning the back portion of the securing unit
1506 parallel to the surface of the substrate 1502 such that the securing unit 1506 covers the
connection pad 1614. Traces 1602 and 1612 extend from each connection pad 1614 to a
corresponding pin 1508 at the opposite end of the substrate 1502. By positioning traces 1602
and 1612 on both on the top surface and bottom surface of the substrate 1502, the signals
transferred on the traces are better isolated thereby reducing interference. Grounding surfaces
1614 are positioned on opposite sides of the substrate 1502 near the pins 1508 and provide a
grounding connection between the connection jack and the plug.

[0067] In the present disclosure, the words “a” or “an” are to be taken to include both the
singular and the plural. Conversely, any reference to plural items shall, where appropriate,
include the singular.

[0068] It should be understood that various changes and modifications to the presently
preferred embodiments disclosed herein will be apparent to those skilled in the art. Such

changes and modifications can be made without departing from the spirit and scope of the

12
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present disclosure and without diminishing its intended advantages. It is therefore intended that

such changes and modifications be covered by the appended claims.

13
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CLAIMS

1. A communication plug including:
a substrate having a top surface, a bottom surface, opposing side surfaces and
opposing end surfaces;
a grounding plane in the substrate;
a grounding strip on a side surface of the substrate in electrical communication
with the grounding plane,
wherein the grounding strip is electrically connected to the ground plane in the
substrate.
2. The communication plug of claim 1 including a plurality of openings in the sides

of the substrate.

3. The communication plug of claim 1 including a plurality of pin vias in one of the
substrate.
4. The communication plug of claim 1 including a plurality of wire vias in the

substrate, the wire vias being located adjacent to each opening.

5. The communication plug of claim 1, including a connection pad formed on the
surface of the substrate around each wire via.

6. The communication plug of claim 5, wherein the connection pad includes a
circular portion extending around the periphery of the wire vias and a triangular portion
extending from the circular portion towards an opening in the substrate.

7. The communication plug of claim 5 including a plurality of traces on the top

surface of the substrate, each trace extending from a pin via to a connection pad.

14
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8. The communication plug of claim 7, wherein at least two of the plurality of traces
are on the bottom of the substrate.
9. The communication plug of claim 5 including a securing unit having a portion
inserted into the wire via and a portion covering the connection pad.
10. The communication plug of claim 1 including a second grounding adjacent to the
grounding plane in the substrate.
11. A method of forming a communication plug including the steps of’
forming a bottom layer of a substrate;
forming a sub layer on the bottom layer, the sub layer including a first grounding
plane;
forming a middle layer on the grounding layer, the middle layer having a
grounding plane;
forming a top layer on the substrate;
forming pin vias in the substrate;
forming openings in opposing sides of the substrate;
forming wire vias adjacent to each opening in the substrate;
forming a grounding surface on opposite sides of the substrate on the top layer
and bottom layer of the substrate, the grounding surface being in electrical communication with
the first grounding layer and the second grounding layer;
forming traces on the top layer and bottom layer between the wire vias and pin
vias.

12. The method of claim 11 including the step of inserting a pin in each pin via..

15
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13. The method of claim 11 including the step of forming a connection pad around
each wire via.

14. The method of claim 13, wherein the step of forming the connection pad includes
the step of forming a circular portion extending around the periphery of the wire vias and
forming a triangular portion extending from the circular portion towards an opening in the
substrate.

15. The method of claim 14 wherein the step of forming the traces includes forming
the traces from each pin via to a corresponding connection pad.

16. The method of claim 11 including the step of inserting the substrate into a plug
housing, the plug housing having openings in side surface so of the housing that correspond to
the openings formed in the substrate.

17. The method of claim 11 wherein the method of forming the traces includes
forming a first group of traces on the top surface of the substrate and a second group of traces on
the bottom surface of the substrate.

18. The method of claim 11 including the step of inserting a pin on a from portion of
a securing into each wire via and positioning a lower portion of the securing unit over the
connection pad corresponding to the wire via accepting the pin.

19. The method of claim 16 wherein the housing includes a plurality of openings over
the pin vias, each opening being sized to accommodate a pin.

20. The method of claim 17 wherein each securing unit secures one wire in electrical

communication with a connection pad.

16
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