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Description

Background of the Invention

[0001] Traditional audio plugs (i.e., male connectors)
can have structural limitations. Each contact of an audio
plug is typically a ring of metal with a thin lead. During
manufacture, the rings are assembled so that each ring’s
lead extends through the center of other rings towards
the plug’s base and plastic is then injection-molded into
the center of the rings. This manufacturing technique cre-
ates a plug core consisting of several thin leads separat-
ed by injection-molded plastic. While such a core insu-
lates the leads from each other and the other contacts,
this structure may have a limited resistance to bending
or other forces applied to the plug.
[0002] Documents US 3 318 785 A and JP S61 138178
disclose audio plugs traditionally known in this field.

Summary of the Invention

[0003] Improved plugs and methods for manufacturing
improved plugs are provided. A plug can include a struc-
tural member that may increase the structural integrity
of the plug. The plug can further include contact pads
and traces, and each trace can electrically couple with
one of the contact pads and extend along a plug axis
towards the proximal end (e.g., base section) of the plug.
In orientation-specific embodiments, the traces may be
disposed on the surface of the plug. However, in other
embodiments, the traces may be disposed below but
near the surface of the plug. The plug may also include
one or more insulating layers to prevent contact pads
and traces from shorting.

Brief Description of the Drawings

[0004] The above and other features of the present
invention, its nature and various advantages will be more
apparent upon consideration of the following detailed de-
scription, taken in conjunction with the accompanying
drawings in which:

FIG. 1A is a perspective view of an illustrative male
connector in accordance with one embodiment of
the invention;
FIG. 1B is a perspective view of an illustrative male
connector inserted into a cross-section of a female
connector in accordance with one embodiment of
the invention;
FIG. 2A is a perspective view of an illustrative plug
in accordance with one embodiment of the invention;
FIG. 2B is a cross-sectional view of an illustrative
plug in accordance with one embodiment of the in-
vention;
FIG. 3 is a cross-sectional view of an illustrative plug
in accordance with one embodiment of the invention;
FIG. 4 is a cross-sectional view of an illustrative plug

in accordance with one embodiment of the invention;
FIG. 5 is a perspective view of an illustrative plug in
accordance with one embodiment of the invention;
FIG. 6A is a perspective view of an illustrative plug
in accordance with one embodiment of the invention;
FIG. 6B is a cross-sectional view of an illustrative
plug in accordance with one embodiment of the in-
vention;
FIG. 7 is a cross-sectional view of an illustrative plug
in accordance with one embodiment of the invention;
FIG. 8 is a perspective view of an illustrative plug in
accordance with one embodiment of the invention;
FIG. 9 is a perspective view of an illustrative connec-
tor incorporating a plug in accordance with one em-
bodiment of the invention;
FIG. 10 is a perspective view of an illustrative con-
nector incorporating a plug in accordance with one
embodiment of the invention;
FIG. 11A is a perspective view of an illustrative plug
in accordance with one embodiment of the invention;
FIG. 11B is a cross-sectional view of an illustrative
plug in accordance with one embodiment of the in-
vention;
FIG. 11C is a cross-sectional view of an illustrative
plug in accordance with one embodiment of the in-
vention;
FIG. 11D is a cross-sectional view of an illustrative
plug in accordance with one embodiment of the in-
vention;
FIG. 12 is a cross-sectional view of an illustrative
plug in accordance with one embodiment of the in-
vention;
FIG. 13 is a cross-sectional view of an illustrative
plug in accordance with one embodiment of the in-
vention;
FIG. 14 is a perspective view of an illustrative plug
in accordance with one embodiment of the invention;
FIG. 15 is a flowchart of an illustrative process for
forming a plug in accordance with one embodiment
of the invention; and
FIG. 16 is a flowchart of an illustrative process for
forming a plug in accordance with one embodiment
of the invention.

Detailed Description

[0005] FIG. 1 includes male connector 100 in accord-
ance with one example. Male connector 100 may, for
example, include functionality related to audio signals,
visual signals, data signals, or other electrical signals.
Male connector 100 may include an elongated plug 101
that extends axially from a proximal to distal end along
axis 105. Plug 101 may include one or more contacts
150 that are spaced apart axially between the proximal
and distal ends. While the example shown in FIG. 1 in-
cludes four contacts, any number of contacts may be
used depending on the needs of the male connector. For
example, the number of contacts included in a plug may
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be based on how many electrical signals will be trans-
mitted through the plug. In an example for coupling with
audio headsets with integrated microphones, four con-
tacts may be used to provide outgoing audio signals in
stereo, receive an incoming microphone signal, and form
a ground circuit. In an audio/video connector example,
the four contacts may be used to form a group circuit and
provide or receive audio signals in stereo as well as com-
posite video. In a Universal Serial Bus (USB) example,
four contacts may be used to form a ground and power
circuit and provide and receive a differential data signal.
In a Firewire example, six contacts may be used to form
a group and power circuit and provide and receive two
differential data signals.
[0006] In some examples, a connector can include a
housing with a mating surface. For example, connector
100 can include housing 190 with mating surface 192 for
abutting a corresponding mating surface in a female con-
nector when the two connectors are coupled together.
Referring to FIG. 1B, male connector 100 can couple with
female connector 102 by inserting plug 101 into jack 103
(e.g., an aperture) in the female connector. When the two
connectors are coupled together, mating surface 192 on
male connector 100 abuts mating surface 194 on female
connector 102. Moreover, when the two connectors are
coupled together, contacts 151 disposed within jack 103
may couple with contacts 150 on plug 101. Contacts 151
may, for example, be electrical contacts configured to
extend into jack 103 (e.g., coupled with a spring) so that
contacts 151 engage contacts 150 on plug 101. Contacts
151 may be spaced apart so that each contact will only
couple with a single contact on plug 101. Contacts in a
female connector may be coupled with a cable, printed
circuit board, or any other similar device. For example,
contacts 151 may be coupled with printed circuit board
159, and an electronic device that includes female con-
nector 102 can receive electrical signals from another
device that includes male connector 100.
[0007] Referring back to FIG. 1A, male connector 100
may include termination point 180 where plug 101 may
be operatively and structurally coupled to a cable, printed
circuit board, or any other similar device. For example,
plug 101 may couple with cable 189 at termination point
180. In some examples, a connector may include a strain
relief to make a structurally robust connection between
a plug and a cable, printed circuit board, or other similar
device. For example, termination point 180 may include
a strain relief to strengthen the connection between plug
101 and cable 189. In some examples, a termination point
may be covered by a housing, body, or enclosure. For
example, termination point 180 may be covered by hous-
ing 190. In examples including a cable (e.g., connector
100), a housing may form a portion of the strain relief. A
more detailed description of suitable connector housings
and strain reliefs can be found in U.S. Patent Application
No. 12/218,450, entitled "Audio Plug with Cosmetic Hard
Shell" and filed on July 14, 2008.
[0008] In some examples, plug 101 can be configured

with core structural member 110 (shown in dotted lines)
to provide an extremely robust male connector 100. For
example, core structural member 110 may prevent plug
101 from bending. Structural member 110 may be dis-
posed entirely or partially along the length of elongated
plug 101. For example, a structural member can be a
cylindrical component extending through the center of
the plug. In some embodiments, structural member 110
may extend proximally past at least the distal end of hous-
ing 190 (e.g., mating surface 192) and further proximate
towards, and possibly abutting, terminal point 180. In one
particular embodiment, structural member 110 may sub-
stantially extend from the distal end of plug 101 to at least
termination point 180.
[0009] In order to provide connections between con-
tacts and the termination point, a plug may include one
or more conductive paths (e.g., traces) that extend be-
tween the contacts and the termination point. In order to
accomplish this, the outer surface of the plug may be
configured with a dielectric material so that the conduc-
tive paths can run through or on the plug while being
electrically separated from the contacts and, potentially,
the core structural member.
[0010] In one example, a core structural member may
be formed from a metal such as steel, and the metal
structural member may be substantially encapsulated by
an insulating dielectric layer. In such an example, the
contacts may be disposed on the outer surface of the
insulating layer. Accordingly, the plug may be a compos-
ite plug that includes multiple materials. For example, a
conductive material may be deposited onto the surface
of the insulating dielectric layer to form one or more con-
tacts. Moreover, traces may be disposed on the insulat-
ing layer, within the insulating layer, underneath the in-
sulating layer, or any combination thereof. The contacts
and/or the traces may be insulated from the core struc-
tural member and each other by the insulating dielectric
layer.
[0011] FIGS. 2A and 2B include plug 200 with traces
on the outer surface of the plug in accordance with one
embodiment. Plug 200 can be provided on any male con-
nector (e.g., connector 100 of FIG. 1A) for coupling with
a female connector (e.g., connector 102 of FIG. 1B). For
example, plug 200 can be provided on a connector for a
pair of headphones, a pair of earbuds, an external speak-
er, a charging device, a cable that couples a personal
computer with an electronic device (e.g., a Universal Se-
rial Bus cable), a cable that couples a video display with
an electronic device, or any other suitable male connec-
tor that couples with a female connector. Moreover, plug
200 can be provided for transmitting audio signals, video
signals, data signals, or any other suitable types of elec-
trical signal. Plug 200 can be used to couple with a female
connector on any suitable electronic device, including,
for example, a digital music player or a communications
device (e.g., a cellular telephone).
[0012] Plug 200 can be sized and shaped to mate with
a jack in an electronic device. Plug 200 can have an elon-
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gated shape extending along plug axis 205. Along plug
axis 205, plug 200 can include proximal end 202 (e.g., a
base section) and distal end 204 (e.g., a tip section).
While the plug example shown in FIG. 2 may have an
elongated shape, it is understood that a plug can have
any suitable shape for mating with a jack in an electronic
device. For example, a plug (e.g., plug 200) can have a
shape similar to plug 101 of FIGS. 1A and 1B. Moreover,
while the distal end of the plug example shown in FIG. 2
may have a relatively smooth surface, it is understood
that the distal end of a plug can have any suitable shape.
For example, the distal end of a plug (e.g., distal end 204)
can have a shape similar to the distal end of plug 101 of
FIGS. 1A and 1B.
[0013] As seen in the cross-section view of FIG. 2B,
plug 200 includes core structural member 210 extending
along plug axis 205. Structural member 210 can be
formed from a rigid material. In some examples, struc-
tural member 210 can be formed from a metal. For ex-
ample, structural member 210 can be formed from steel,
aluminum, titanium, or any other suitable metal or alloy.
In some examples, structural member 210 may be a solid
piece of rigid material that is formed by turning, machin-
ing, forging, casting, any other suitable manufacturing
technique, or any combination thereof. In some exam-
ples, structural member 210 may be shaped to increase
its structural integrity. For example, structural member
210 may have a length, width, length-to-width ratio, or
any other dimension or characteristic that provides struc-
tural integrity. Structural member 210 can add structural
integrity to plug 200.
[0014] Plug 200 can include insulating layer 220 that
may be formed from a dielectric material. Insulating layer
220 may surround, encapsulate or cover core structural
member 210. In some examples, insulating layer 220
may be formed by coating structural member 210 with a
dielectric material. Insulating layer 220 may be formed
from ceramic, polycarbonate, polyethylene, polystyrene,
or any other suitable dielectric material. Insulating layer
220 can, for example, insulate any contact pads or traces
on the outer surface of the plug from each other. In some
examples, the insulating layer 220 can be a relatively
large portion of the outer surface of plug 200.
[0015] Plug 200 can include one or more contact pads
(e.g., contact pads 251, 252, 253, and 254). Contacts
pads 251-254 can be located on or disposed over the
outer surface of insulating layer 220. Contact pads
251-254 can be spaced along axis 205 so that each con-
tact pad is located at a different point along the axis.
Contact pads 251-254 can extend circumferentially
around axis 205 to cover a portion of the circumference
of plug 200. For example, contact pads 251-254 may
extend 20% around the circumference of plug 200. In
another example, contact pads 251-254 may extend up
to 50% around the circumference of plug 200. In yet an-
other example, contact pads 251-254 may extend up to
75% around the circumference of plug 200. In yet a fur-
ther example, contact pads 251-254 may extend up to

90% around the circumference of plug 200.
[0016] Contact pads 251-254 can be formed from a
conductive material. For example, contact pads 251-254
may be formed by depositing a conductive material onto
insulating layer 220. Contact pads 251-254 may be suf-
ficiently thick enough to withstand forces from mating with
a female connector (e.g., frictional forces from inserting
plug 200 in a jack and withdrawing plug 200 from a jack).
In some examples, contact pads 251-254 may protrude
from the outer surface of insulating layer 220.
[0017] Each of contact pads 251-254 can be sized and
shaped to mate with a corresponding contact in a female
connector. Moreover, the array of contact pads 251-254
may be arranged to mate with an array of contacts in a
female connector (e.g., contacts 151 in connector 102 of
FIG. 1B). In some examples, contact pads 251-254 may
be arranged in a straight line along one side of plug 200
that corresponds to an array of contacts along one side
of a female connector. In another example, contact pads
may be arranged on different sides of plug 200 so that
the contact pads correspond to an array of contacts on
different sides of a female connector.
[0018] Plug 200 can include traces 261, 262, 263, and
264 formed from a conductive material. Traces 261-264
can be located on or disposed over the outer surface of
insulating layer 220. Insulating layer 220 may insulate
each of traces 261-264 from the other traces and struc-
tural member 210. Each of traces 261-264 may electri-
cally couple with one of contact pads 251-254. For ex-
ample, trace 261 may electrically couple with contact pad
251, trace 262 may electrically couple with contact pad
252, and so forth. Each of traces 261-264 may be directly
coupled with one of contact pads 251-254 by overlapping
the contact pad, either above or below the contact pad,
or abutting against the edge of the contact pad. In some
embodiments, traces 261-264 and contact pads 251-254
may be integral parts of a single layer and, therefore,
inherently coupled.
[0019] In some examples, traces 261-264 may be
formed in the same manner as contact pads 251-254.
For example, traces 261-264 and contact pads 251-254
may be formed in a single manufacturing step (e.g., de-
positing conductive material on the outer surface of in-
sulating layer 220). In such examples, traces 261-264
may be formed from the same material as contact pads
251-254. In other examples, traces 261-264 may be
formed in a different manner and/or at a different time
than contact pads 251-254. For example, traces 261-264
may be formed from a different material than contact pads
251-254. Moreover, traces 261-264 may be formed be-
fore or after contact pads 251-254 are formed.
[0020] In some examples, traces 261-264 may be the
same thickness as contact pads 251-254. For example,
traces 261-264 may be formed using the same process
used to form contact pads 251-254 and both the traces
and contact pads may have the same thickness. In other
embodiments, traces 261-264 may be thinner than con-
tact pads 251-254. For example, traces 261-264 may not
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necessarily be as thick as contact pads 251-254 because
traces 261-264 do not undergo the same forces when
mating with a female connector (e.g., frictional forces) as
contact pads 251-254.
[0021] In some examples, each of traces 261-264 can
be located the same distance from axis 205 (e.g., at the
same radius or radial layer) as the other traces. For ex-
ample, insulating layer 220 may be centered around plug
axis 205 so that traces 261-264 are the same radial dis-
tance from plug axis 205 when deposited on insulating
layer 220. In other words, traces 261-264 may all be on
the same radial layer. In some examples, each of traces
261-264 can be located the same distance from axis 205
(e.g., at the same radius or radial layer) as contact pads
251-254 as well as the other traces.
[0022] While an array of contact pads may be arranged
to mate with an array of contacts in a female connector,
the corresponding traces may be arranged so that they
will not couple with any of the contacts in the female con-
nector. For example, contact pads 251-254 and traces
261-264 may be arranged on the surface of plug 200 so
that each of contact pads 251-254 mates with a different
contact in a female connector while none of traces
261-264 couple with the contacts. In some examples the
traces on a plug may be less thick than the contact pads
on the plug so that, when the plug is inserted into a female
connector, the traces will not touch the connector.
[0023] In some examples, contact pads and traces
may be substantially flush with the outer surface of a
plug. FIGS. 3A and 3B include plug 300 with contact pads
and traces substantially flush with the outer surface of
the plug in accordance with one example. Plug 300 can
be substantially similar to plug 200 of FIGS. 2A and 2B.
For example plug 300 can include core structural mem-
ber 310 extending along plug axis 305, and structural
member 310 may be substantially similar to structural
member 210 of plug 200. Plug 300 may also include in-
sulating layer 320 that is similar to insulating layer 220
of plug 200 but, unlike insulating layer 220 and the contact
pads and traces disposed thereon, the outer surface of
insulating layer 320 may be substantially flush with con-
tact pads 351-354 and traces 361-364. In some exam-
ples, one or more indentations can be provided in insu-
lating layer 320 (e.g., by chemical or laser etching), and
conductive material can be deposited in the indentations
to create contact pads 351-354 and traces 361-364 that
are substantially flush with the outer surface of insulating
layer 320. In other examples, contact pads 351-354 and
traces 361-364 may be deposited onto insulating layer
320, and then additional dielectric material may be de-
posited over insulating layer 320 to make it substantially
flush with the contact pads and traces.
[0024] In some examples, a plug may include a struc-
tural member with insulating properties rather than a
structural member and an insulating layer covering the
structural member. FIG. 4 includes plug 400 with struc-
tural member 410 in accordance with one example. Plug
400 can be provided on any male connector for coupling

with a female connector. Plug 400 can be similar to plug
200 of FIGS. 2A and 2B, and plug 400 may include many
of the same elements as plug 200. For example, plug
400 can include contact pads 451-254 (see, e.g., contact
pads 251-254 of plug 200) and traces (see, e.g., traces
261-264 of plug 200). While only trace 464 is shown in
FIG. 4, it is understood that plug 400 can include other
traces on the outer surface of plug 400. For example,
plug 400 may include three other traces and each of the
traces may electrically couple with one of contact pads
451-453 (see, e.g., traces 261-263 provided on plug
200).
[0025] Unlike plug 200, plug 400 may not include a
separate core structural member and insulating layer
covering the structural member. For example, plug 400
may include core structural member 410 that can provide
structural integrity while also forming the outer surface
of plug 400. A separate insulating layer may not be nec-
essary if structural member 410 is formed from a dielec-
tric material. For example, structural member 410 may
be formed from ceramic, polycarbonate, polyethylene,
polystyrene, or any other suitable dielectric material. In
some embodiments, structural member 410 may be
formed from a rigid dielectric material that will increase
the structural integrity of plug 400. In some examples,
structural member 410 may be a solid piece of rigid die-
lectric material that is formed by any suitable manufac-
turing technique. In some examples, structural member
410 may be shaped to increase its structural integrity.
For example, structural member 410 may have a length,
width, length-to-width ratio, or any other dimension or
characteristic that provides structural integrity. Structural
member 410 may also provide structural integrity by act-
ing as the core or inner member of plug 400.
[0026] While the example shown in FIG. 4 includes a
core structural member formed from a single dielectric
material, it is understood that an structural member can
be formed from multiple dielectric materials depending
on the needs of the system. For example, a structural
member can include an inner core with dielectric and
structural characteristics and an outer layer with a texture
that is advantageous for receiving conductive material to
form contact pads and traces.
[0027] To couple plug contacts pads with a cable, print-
ed circuit board, or other suitable device, conductive
paths (e.g., traces) may extend at least partially along a
plug’s axis towards the proximal end of the plug. In some
examples, traces can be spaced around the plug’s axis
so that each trace is located at a different position around
the axis. For example, one or more of the traces can
extend circumferentially around a plug’s axis to avoid
contact pads and the other traces. Referring to plug 200
in FIG. 2A, trace 264 may couple with contact pad 254
and extend directly along plug axis 205 towards proximal
end 202, while trace 263 may couple with contact pad
253, extend at least partially around plug axis 205 to avoid
contact pad 254, and then extend along plug axis 205
towards proximal end 202.
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[0028] A plug’s traces can extend beyond the plug’s
proximal end for coupling with a cable, printed circuit
board, or other suitable device (e.g., cable 189 of FIG.
1A). For example, referring to FIG. 2A, each of traces
261-264 may extend beyond proximal end 202 and end
in a terminating contact pad (e.g., a solder pad) for elec-
trically coupling with a line in a cable or a circuit board in
an accessory. FIG. 5 includes plug 500 with termination
point 580 in accordance with one example. Plug 500 can
be provided on any male connector for coupling with a
female connector. Plug 500 can be similar to plug 200 of
FIGS. 2A and 2B, plug 300 of FIG. 3 and plug 400 of FIG.
4. Plug 500 may include many of the same elements as
plugs 200, 300, and 400. For example, plug 500 can in-
clude contact pads 551-554 (see, e.g., contact pads
251-254 of plug 200) and traces 561-564 (see, e.g., trac-
es 261-264 of plug 200). Each of traces 561-564 can
extend along plug axis 505 towards proximal end 502 of
plug 500. Plug 500 may include termination point 580 at
proximal end 502 of the plug, and each of traces 561-564
may end at the termination point. At termination point
580, each of traces 561-564 can couple with a line in a
cable, a trace on a printed circuit board, or any other
suitable electrical line. For example, termination point
580 can include multiple solder pads 581-584 for cou-
pling with various lines in cable 589. While the example
shown in FIG. 5 include solder pads for coupling with
lines in a cable, it is understood that any other suitable
connection technique can be used to couple a termina-
tion point with a cable, printed circuit board, or other suit-
able device.
[0029] In some examples, a plug may include a struc-
tural member that functions as a conductive path for a
contact pad. FIGS. 6A and 6B include plug 600 with struc-
tural member 610 in accordance with one example. Plug
600 can be provided on any male connector for coupling
with a female connector. Plug 600 can be similar to plug
200 of FIGS. 2A and 2B, and plug 600 may include many
of the same elements as plug 200. For example, plug
600 can include contact pads 652-654 (see, e.g., contact
pads 252-254 of plug 200) and traces 662-664 (see, e.g.,
traces 262-264 of plug 200).
[0030] Unlike plug 200, plug 600 may include structural
member 610 that functions as a conductive path for con-
tact pad 651. Structural member 610 may be formed from
a rigid material with conductive properties. For example,
structural member 610 may be formed from steel or any
other suitable metal or alloy with conductive properties.
Beyond proximal end 602, structural member 610 may
electrically couple with a cable or an accessory (not
shown). For example, the proximal end of structural
member 610 may include a terminating contact pad (e.g.,
a solder pad) for electrically coupling with a line in a cable
or a circuit board in an accessory. Moreover, structural
member 610 may include protrusion 612 extending radi-
ally away from plug axis 605.
[0031] In the example shown in the cross-section view
of FIG. 6B, the tip of protrusion 612 may form contact

pad 651. In such an example, insulating layer 620 may
cover structural member 610 except for the end of pro-
trusion 612, which may extend past the outer surface of
insulating layer 620. Accordingly, the end of protrusion
612 may form contact pad 651 that may be flush with
contact pads 652-654.
[0032] In other examples, contact pad 651 may be
formed on top of the tip of protrusion 612. For example,
the tip of protrusion 612 may be substantially flush with
the outer surface of insulating layer 620 and a conductive
material can be applied over the tip of protrusion 612 and
a surrounding section of insulating layer 620 to form con-
tact pad 651. In such examples, once the tip of protrusion
612 is substantially flush with the outer surface of insu-
lating layer 620, contact pads 651-654 may be formed
using the same process (see, e.g., discussion of contact
pads 251-254).
[0033] In the example shown in FIGS. 6A and 6B, struc-
tural member 610 may be a conductive path for contact
pad 651 near distal end 604 of plug 600 but, in other
embodiments, it is understood that a structural member
may be a conductive path for any other contact pad on
plug 600, including contact pads closer to proximal end
602. Moreover, in other examples, a structural member
may not include a protrusion, and a plug may include one
or more conductive vias extending through an insulating
layer and electrically coupling a contact pad with a struc-
tural element.
[0034] FIG. 7 includes plug 700 with conductive path
771 coupling structural member 710 and contact pad 751
in accordance with one embodiment. Plug 700 can be
provided on any male connector for coupling with a fe-
male connector. Plug 700 can be similar to plug 600 of
FIGS. 6A and 6B, and plug 700 may include many of the
same elements as plug 600. For example, plug 700 can
include contact pads 752-754 (see, e.g., contact pads
652-654 of plug 600) and trace 764 (see, e.g., traces 664
of plug 600).
[0035] Unlike plug 600, plug 700 may include contact
pad 751 that is a separate element from core structural
member 710 (see, e.g., contact pad 651 which is a pro-
trusion of structural member 650). However, even though
contact pad 751 is a separate element from core struc-
tural member 710, contact pad 751 is coupled with struc-
tural member 710 through conductive path 771. Conduc-
tive path 771 can, for example, be a conductive via
through insulating layer 720. Conductive path 771 can
be formed from conductive material. In some examples,
conductive path 771 can be formed from the same con-
ductive material as contact pads and traces. For exam-
ple, after insulating layer 720 is applied, through-holes
can be created at specific points in layer 720 (e.g., by
chemical or laser etching) and conductive material can
be applied to fill the through-holes and create conductive
path 771. Conductive path 771 can be any suitable struc-
ture for conducting electrical current through specific
points in layer 720, and conductive path 771 can be
formed using any suitable process.
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[0036] In embodiments where a plug’s core structural
member serves as a conductive path, the plug’s termi-
nating point may include one or more conductive paths
for coupling a cable, printed circuit board, or other suit-
able device (e.g., cable 189 of FIG. 1A) with the structural
member. FIG. 8 includes plug 800 with termination point
880 in accordance with one example. Plug 800 can be
provided on any male connector for coupling with a fe-
male connector. Plug 800 can be similar to plug 600 of
FIGS. 6A and 6B and plug 700 of FIG. 7. Plug 800 may
include many of the same elements as plugs 600 and
700. For example, plug 800 can include contact pads
851-854 (see, e.g., contact pads 651-654 of plug 600)
and traces 862-864 (see, e.g., traces 661-664 of plug
600). Each of traces 862-864 can extend along plug axis
805 towards proximal end 802 of plug 800. Plug 800 may
include termination point 880 at proximal end 802 of the
plug, and each of traces 862-864 may end at the termi-
nation point. Plug 800 may also include a core structural
member that serves as a conductive path for contact pad
851 (see, e.g., conductive structural member 610 of FIG.
6B and conductive structural member 710 of FIG. 7). Ter-
mination point 880 may include a conductive path
through insulating layer 820 to electrically couple the
structural member of plug 800, and therefore contact pad
851, with a cable, printed circuit board, or other suitable
device. The conductive path through insulating layer 820
may be substantially similar to conductive path 771 of
plug 700, and the description of the latter can be applied
to the former. In some examples, termination point 880
may include a conductive via and solder pad 881 to cou-
ple the conductive structural member of plug 800 with a
line in cable 889. In some examples, rather than providing
a conductive path through an insulating layer, a conduc-
tive structural member may simply extend beyond an in-
sulating layer, and a line in a cable, printed circuit board,
or other suitable device can be directly coupled with the
exposed structural element. Similar to termination point
580 and traces 581-584 of plug 500, each of traces
862-864 on the surface of plug 800 can couple with a line
in a cable, a trace on a printed circuit board, or any other
suitable electrical line at termination point 880. For ex-
ample, termination point 880 can include multiple solder
pads 882-884 for coupling with various lines in cable 889.
While the example shown in FIG. 8 includes solder pads
for coupling with lines in a cable, it is understood that any
other suitable connection technique can be used to cou-
ple a termination point with a cable, printed circuit board,
or other suitable device.
[0037] In some embodiments, a plug may electrically
couple with a female connector when the plug is inserted
into the female connector in the proper orientation. For
example, contact pads 251-254 of plug 200 may be ar-
ranged in a straight line along one side of plug 200 and,
for plug 200 to properly couple with a female connector,
plug 200 may need to be inserted into the female con-
nector so that the side of the plug with contact pads
251-254 is adjacent to an array of contacts in the female

connector. Continuing the example, if plug 200 is inserted
into the female connector in the wrong orientation, the
plug may be unable to properly couple with the female
connector because a contact in the female connector
may overlap both a contact pad and a nearby trace on
the plug (e.g., contact pad 254 and trace 263). Such ex-
amples are referred to herein as "orientation-specific" ex-
amples because the plug may need to be in a specific
orientation to properly couple with a female connector.
Plug 200, plug 400, and plug 600 may each be consid-
ered orientation-specific examples.
[0038] In some orientation-specific examples, a plug
may be provided on a male connector with a mating sur-
face having a feature (e.g., a key) to ensure that the plug
inserts into a female connector in the proper orientation.
For example, female connectors on electronic devices
or the electronic devices themselves may have a partic-
ular geometry and a male connector may include a mat-
ing surface with a feature that correspondence to the
particular geometry.
[0039] FIG. 9 includes plug 900 provided on a male
connector with a key in accordance with one example.
Plug 900 may include protuberance 994 that can serve
as a key to prevent plug 900 from coupling with a female
connector in an improper orientation. Plug 900 may be
any orientation-specific plug. For example, plug 900 may
be substantially similar to plug 200 and may include con-
tact pads 951-954 (see, e.g., contact pads 251-254).
[0040] Plug 900 may be provided on connector 990 for
coupling connector 990 with a female connector. Con-
nector 990 can include mating surface 992 adjacent to
proximal end 902 of plug 900. When connector 990 cou-
ples with a female connector, mating surface 992 may
connector. Accordingly, mating surface 992 may include
protuberance 994 that may be any shape or size suitable
for interfacing with a corresponding feature on a mating
surface of a female connector. For example, protuber-
ance 994 may be a raised ridge extending radially from
plug axis 905 and a mating surface on a female connector
may include a corresponding indentation extending ra-
dially from an aperture for receiving plug 900. With re-
spect to the location of contact pads 951-954, protuber-
ance 994 may be located in a specific location on mating
surface 992 so that, when protuberance 994 interfaces
with an indentation in a female connector, contact pads
951-954 may couple with an array of contacts in the fe-
male connector. Accordingly, plug 900 may only couple
with a female connector in the proper orientation.
[0041] FIG. 10 includes plug 1000 provided on a male
connector with a key in accordance with one example.
Plug 1000 may include protuberance 1094 and rim 1096
that can serve as a key to prevent plug 1000 from coupling
with a female connector in an improper orientation. Plug
1000 may be any orientation-specific plug. For example,
plug 1000 may be substantially similar to plug 200 and
may include contact pads 1051-1054 (see, e.g., contact
pads 251-254).
[0042] Plug 1000 may be provided on connector 1090
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for coupling connector 1090 with a female connector.
Connector 1090 may be substantially similar to connector
990 of FIG. 9. For example, connector 1090 may include
mating surface 1092 adjacent to proximal end 1002 of
plug 1000. However, connector 1090 may include protu-
berance 1094 and rim 1096 for preventing plug 1000 from
coupling with a female connector in an improper orien-
tation. When connector 1090 couples with a female con-
nector included in an electronic device, mating surface
1092 may abut a surface of the electronic device that
includes the female connector. Accordingly, mating sur-
face 1092 may include protuberance 1094 and rim 1096
that may be any shape or size suitable for interfacing with
a surface of the electronic device that includes a female
connector. For example, protuberance 1094 may inter-
face with an indentation in the surface of an electronic
device that includes a female connector and the edge of
the surface may fit within rim 1096.
[0043] In some situations, it may be desirable to have
a plug that is not orientation specific. For example, an
example that is not orientation specific may be easier
and quicker to couple because the connectors may not
need to be aligned in order to couple together. In some
examples a connector that is not orientation specific may
include circumferential contacts. For example, a contact
could be a ring of conductive material around a circum-
ference of a connector. In such examples, each contact
can be coupled to a conductive path located below the
outer surface of the plug so that it does not couple with
any other contacts. For example, traces can be located
below the outer surface of the plug and each trace can
electrically couple with a single contact pad on the outer
surface of the plug. In some examples, even though such
conductive paths are below the outer surface, the paths
may be near the outer surface to allow for a large core
structural member.
[0044] FIGS. 11A-11D include plug 1100 with traces
below but near the outer surface of the plug in accordance
with one embodiment. Plug 1100 can be provided on any
male connector for coupling with a female connector.
Compared to plug 200 of FIGS. 2A and 2B, plug 1100
can have a similar shape and size and can perform similar
functions (e.g., coupling with a female connector). Plug
1100 can include structural member 1110 that may be
substantially similar to structural member 210 of plug
200, although structural member 1110 may be smaller
than structural member 210. However, plug 1100 can
include different insulating layers, contact pads and trac-
es. For example, plug 1100 can include, in order from
inner core to outer surface, a core structural member, an
inner insulating layer, one or more conductive paths, an
outer insulating layer, and contact pads.
[0045] Plug 1100 can include outer insulating layer
1130 that can be formed from a dielectric material. Outer
insulating layer 1130 may be formed from ceramic, poly-
carbonate, polyethylene, polystyrene, or any other suit-
able dielectric material. Outer insulating layer 1130 can,
for example, insulate any contact pads on the outer sur-

face of plug 1100 from each other as well as any con-
ductive paths below the surface of plug 1100.
[0046] Plug 1100 can include contact pads 1151, 1152,
1153, and 1154 on the outer surface of plug 1100. Each
of contact pads 1151-1154 may have a ring or cylindrical
shape that extends completely around the circumference
of plug 1100. Contact pads 1151-1154 can be formed
from a conductive material. For example, contact pads
1151-1154 may be formed by depositing a conductive
material onto outer insulating layer 1130. Contact pads
1151-1154 may be sufficiently thick enough to withstand
forces from mating with a female connector (e.g., friction-
al forces from inserting plug 1100 in a jack and withdraw-
ing plug 1100 from a jack). In some embodiments, contact
pads 1151-1154 may protrude from the outer surface of
outer insulating layer 1130. In other embodiments, con-
tact pads 1151-1154 may be substantially flush with the
outer surface of outer insulating layer 1130. For example,
one or more indentations can be provided in outer insu-
lating layer 1130 (e.g., by chemical or laser etching), and
conductive material can be deposited in the indentations
to create contact pads 1151-1154 substantially flush with
the outer surface of outer insulating layer 1130. Each of
contact pads 1151-1154 can be sized and shaped to
mate with a corresponding contact in a female connector
(e.g., a jack). Moreover, the array of contact pads
1151-1154 may be arranged to mate with an array of
contacts in a female connector. For example, contact
pads 1151-1154 may be arranged in an order along plug
axis 1105 that corresponds to an array of contacts in a
female connector.
[0047] Plug 1100 may not be an orientation-specific
embodiment. All of contacts pads 1151-1154 extend
completely around the circumference of plug 1100 at a
particular location on plug axis 1105. Therefore, each of
contact pads 1151-1154 will electrically couple with a par-
ticular contact in a female connector regardless of the
orientation of plug 1100 when it is inserted into the female
connector. Because plug 1100 may not be an orientation-
specific embodiment, plug 1100 may be provided on a
connector without any special features to ensure that
plug 1100 is inserted into a female connector in a partic-
ular orientation (see, e.g., connector 990 with protuber-
ance 994 and connector 1090 with protuberance 1094
and rim 1096).
[0048] As seen in the cross-section views of FIG. 11B-
11D, plug 1100 may include an inner insulating layer
1120 between structural member 1110 and outer insu-
lating layer 1130. Inner insulating layer 1120 may be
formed from dielectric material. For example, inner insu-
lating layer 1120 may be formed from ceramic, polycar-
bonate, polyethylene, polystyrene, or any other suitable
dielectric material. In some embodiments, inner insulat-
ing layer 1120 may be formed from the same material as
outer insulating layer 1130. Inner insulating layer 1120
can, for example, provide a platform for one or more con-
ductive paths below the surface of plug 1100 (e.g., below
outer insulating layer 1130) but above structural member
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1110.
[0049] Plug 1100 may include traces below the outer
surface of plug 1100. For example, as seen in FIG. 11D,
plug 1100 may include traces 1161-1164 between inner
insulating layer 1120 and outer insulating layer 1130. In-
ner insulating layer 1120 may insulate each of traces
1161-1164 from other traces and structural member
1110. Traces 1161-1164 can be formed from a conduc-
tive material. For example, traces 1161-1164 can be
formed by depositing a conductive material onto inner
insulating layer 1120 before outer insulating layer 1130
is applied. After outer insulating layer 1130 is in place,
traces 1161-1164 may electrically couple with contact
pads above layer 1130 through one or more conductive
paths extending through layer 1130. For example, as
seen in FIG. 11B, trace 1161 may electrically couple with
contact pad 1151 through conductive path 1171, and
trace 1163 may electrically couple with contact pad 1153
through conductive path 1173. Continuing the example,
as seen in FIG. 11C, trace 1162 may electrically couple
with contact pad 1152 through conductive path 1172 and,
as seen in FIG. 11D, trace 1164 may electrically couple
with contact pad 1154 through conductive path 1174.
Like contact pads 1151-1154 and traces 1161-1164, con-
ductive paths 1171-1174 can be formed from conductive
material. For example, after outer insulating layer 1130
is applied, through-holes can be created at specific points
in layer 1130 (e.g., by chemical or laser etching) and
conductive material can be applied to fill the through-
holes and create conductive paths 1171-1174. Conduc-
tive paths 1171-1174 can be any suitable structures for
conducting electrical current through specific points in
layer 1130, and conductive paths 1171-1174 can be
formed using any suitable process. Outer insulating layer
1130 may insulate each of traces 1161-1164 from other
traces and any of conductive paths 1171-1174 or any of
contact pads 1151-1154 to which the traces are not in-
tentionally coupled.
[0050] In some embodiments, each of traces
1161-1164 can be located the same distance from axis
1105 (e.g., at the same radius or radial layer) as the other
traces. For example, insulating layer 1120 may be cen-
tered around plug axis 1105 so that traces 1161-1164
are the same radial distance from plug axis 1105 when
deposited on insulating layer 1120. In other words, traces
1161-1164 may all be on the same radial layer.
[0051] In some embodiments, a plug with conductive
paths below but near the surface of the plug may include
a structural member with insulating properties (see, e.g.,
dielectric structural member 410 of plug 400) rather than
a structural member and an inner insulating layer cover-
ing the structural member (see, e.g., structural member
1110 and insulating layer 1120 of plug 1100). FIG. 12
includes plug 1200 with dielectric structural member
1210 in accordance with one embodiment. Plug 1200
can be provided on any male connector for coupling with
a female connector. Plug 1200 can be similar to plug
1100 of FIGS. 11A-D, and plug 1200 may include many

of the same elements as plug 1100. For example, plug
1200 can include contact pads 1251-1254 (see, e.g., con-
tact pads 1151-1154 of plug 1100), traces 1261 and 1263
(see, e.g., traces 1161 and 1163 of plug 1100), and con-
ductive paths 1271 and 1273 (see, e.g., conductive paths
1171 and 1173 of plug 1100).
[0052] Unlike plug 1100, plug 1200 may not include a
separate core structural member and inner insulating lay-
er covering the structural member. For example, plug
1200 may include core structural member 1210 that can
provide structural integrity while also forming an insulat-
ing surface for receiving conductive material. A separate
insulating layer may not be necessary if structural mem-
ber 1210 is formed from a dielectric material. For exam-
ple, structural member 1210 may be formed from ceram-
ic, polycarbonate, polyethylene, polystyrene, or any oth-
er suitable dielectric material. In some embodiments,
structural member 1210 may be formed from a rigid di-
electric material that will increase the structural integrity
of plug 1200. In some embodiments, structural member
1210 may be a solid piece of rigid dielectric material that
is formed by any suitable manufacturing technique. In
some embodiments, structural member 1210 may be
shaped to increase its structural integrity. For example,
structural member 1210 may have a length, width, length-
to-width ratio, or any other dimension or characteristic
that provides structural integrity. Structural member 1210
may also provide structural integrity by acting as the core
or inner member of plug 1200.
[0053] In some embodiments, a plug with conductive
paths below but near the surface of the plug may include
a structural member that functions as a conductive path
for a contact pad. For example, a conductive path through
multiple insulating layers can electrically couple a contact
pad with a structural element (see, e.g., protrusion 612
of plug 600 and conductive path 771 of plug 700), and
conductive paths through the outermost insulating layer
(see, e.g., conductive paths 1172-1174 of plug 1100) can
electrically couple each of the more proximal contact
pads with a different trace below the outer surface of the
plug that extends towards the proximal end of the plug.
FIG. 13 includes plug 1300 with structural member 1310
functioning as a conductive path in accordance with one
embodiment. Plug 1300 can be provided on any male
connector for coupling with a female connector. Plug
1300 can be similar to plug 1100 of FIGS. 11A-D, and
plug 1300 may include many of the same elements as
plug 1100. For example, plug 1200 can include contact
pads 1351-1354 (see, e.g., contact pads 1151-1154 of
plug 1100), trace 1363 (see, e.g., trace 1163 of plug
1100), and conductive path 1373 (see, e.g., conductive
path 1173 of plug 1100).
[0054] Unlike plug 1100, plug 1300 may include a con-
ductive path coupling the core structural member of the
plug with a contact. For example, plug 1300 may include
conductive path 1371 through outer insulating layer 1330
and inner insulating layer 1320. Accordingly, plug 1300
may not include a conductive path for contact pad 1351
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between inner insulating layer 1320 and outer insulating
layer 1330 because that electrical signal is being routed
through conductive structural member 1310.
[0055] Traces 1161-1164 may extend at least partially
along plug axis 1105 towards proximal end 1102 of plug
1100. For example, trace 1161 may couple with contact
pad 1151, through conductive path 1171, and extend di-
rectly along plug axis 1105 towards proximal end 1102.
In the embodiment shown in FIGS. 11B-11D, each of
traces 1161-1164 may extend directly along plug axis
1105 towards proximal end 1102 because conductive
paths 1171-1174 are each on different sides of plug 1100.
However, in embodiments, where two or more conduc-
tive paths are on the same side of a plug, the trace cou-
pled with the more distal conductive path may extend at
least partially around the plug axis to avoid the other con-
ductive path and trace before extending along the plug
axis towards the proximal end of the plug.
[0056] In embodiments where conductive paths are lo-
cated below the surface of the plug, the plug’s terminating
point may include one or more conductive paths for cou-
pling a cable, printed circuit board, or other suitable de-
vice (e.g., cable 189 of FIG. 1A) with the conductive paths
below the surface. FIG. 14 includes plug 1400 with ter-
mination point 1480 in accordance with one example.
Plug 1400 can be provided on any male connector for
coupling with a female connector. Plug 1400 can be sim-
ilar to plug 1100 of FIGS. 11A-11D, plug 1200 of FIG.
12, and plug 1300 of FIG. 13. Plug 1400 may include
many of the same elements as plugs 1100, 1200, and
1300. For example, plug 1400 can include contact pads
1451-1454 (see, e.g., contact pads 1151-1154 of plug
1100) and traces underneath the outer surface of the
plug (see, e.g., traces 1161-1164 of plug 1100, traces
1261 and 1263 of plug 1200, and traces 1363 of plug
1300). Each of the traces underneath the surface of plug
1400 can extend along plug axis 1405 towards proximal
end 1402 of plug 1400. Plug 1400 may include termina-
tion point 1480 at proximal end 1402 of the plug. Termi-
nation point 1480 may include conductive paths through
insulating layer 1430 to electrically couple the traces un-
derneath the surface of plug 1400 with a cable, printed
circuit board, or other suitable device. The conductive
paths through insulating layer 1430 may be substantially
similar to conductive path 771 of plug 700, and the de-
scription of the latter can be applied to the former. In
some examples, termination point 1480 may include con-
ductive vias and solder pads 1481-1483 to couple traces
under the surface of plug 1400 with lines in cable 1489.
In examples where a plug’s core structural member
serves as a conductive path (see, e.g., structural member
1310 of plug 1300), termination point 1480 can include
a conductive path through all insulating layers (see, e.g.,
outer insulating layer 1330 and inner insulating layer
1320 of plug 1300) to electrically couple the conductive
structural member with a cable, printed circuit board, or
other suitable device. Moreover, rather than providing a
conductive path through an insulating layer, the structural

member, inner insulating layer and traces may simply
extend beyond the outer insulating layer in some exam-
ples, and a line in a cable, printed circuit board, or other
suitable device can be directly coupled with the exposed
traces. While the example shown in FIG. 14 include sol-
der pads for coupling with lines in a cable, it is understood
that any other suitable connection technique can be used
to couple a termination point with a cable, printed circuit
board, or other suitable device.
[0057] FIG. 15 includes process 1500 for manufactur-
ing a plug in accordance with one example. Process 1500
can be used to form an orientation-specific plug such as,
for example, plug 200 of FIGS. 2A and 2B, plug 400 of
FIG. 4, or plug 600 of FIGS. 6A and 6B. Prior to perform-
ing process 1500, a structural member (see, e.g., struc-
tural member 210 of plug 200 or structural member 610
of plug 600) can be formed. For example, a structural
member can be formed by turning, machining, forging,
casting, any other suitable manufacturing technique, or
any combination thereof.
[0058] At block 1510, a layer of dielectric material may
be applied to an outer surface of a structural member to
cover a portion of the structural member that extends
along a plug axis. For example, a layer of dielectric ma-
terial (see, e.g., insulating layer 220) can be applied to
the outer surface of a structural member (see, e.g., struc-
tural member 210) to cover the portion of the member
that extends along the plug axis towards the distal end
of the plug (see, e.g., plug axis 205 and distal end 204).
In some examples, a layer of dielectric material can be
applied to the entire outer surface of a structural member
to cover the entire structural member. A layer of dielectric
material may be applied to an outer surface of a structural
member using any suitable technique at block 1510. For
example, dielectric material may be sprayed or painted
onto the outer surface of the structural member to create
a layer. In another example, the structural member may
be at least partially dipped into a pool of liquid dielectric
material and then, after the member is removed from the
pool, heat may be applied to harden the liquid coating
and form a layer.
[0059] At block 1520, a conductive material may be
applied to the layer of dielectric material to form contact
pads and traces. For example, a conductive material can
be applied to the surface of the layer of dielectric material
(see, e.g., insulating layer 220) to form contact pads for
coupling with a female connector (see, e.g., contact pads
251-254) and traces that serve as conductive paths (see,
e.g., traces 261-264). At least one of the traces formed
at block 1520 can electrically couple with one of the con-
tact pads and extend along the plug axis (see, e.g., trace
261 coupling with contact pad 251 and extending along
plug axis 205). In some examples, at least one of the
traces formed at block 1520 may extend at least partially
around the plug in addition to extending along the plug
axis (see, e.g., trace 261 extending partially around plug
200 to avoid the other contact pads and traces).
[0060] Any suitable technique for applying a conduc-
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tive material can be used to form contact pads and traces
at block 1520. For example, a conductive material can
be applied using a technique that includes depositing,
sputtering, painting, gluing, adhering, spray-coating,
emersion-coating, any other suitable technique, or any
combination thereof. Moreover, in some embodiments,
contact pads may be formed at block 1520 using a tech-
nique different from the technique used to form traces at
block 1520.
[0061] In some examples, a conductive material can
be applied to the layer of dielectric material to form con-
tact pads and/or traces by sputter deposition or physical
vapor deposition (PVD). In some examples, the layer of
dielectric material can be selectively etched in locations
for contact pads and/or traces and the etched areas can
be plated with conductive material (e.g., a metal or an
alloy) at block 1520. For example, the layer of dielectric
material can be selectively etched using a laser. In some
examples, one or more indentations may be created in
the layer of dielectric material before applying conductive
material at block 1520. For example, one or more inden-
tations may be etched into the dielectric material at the
locations for contact pads and traces and conductive ma-
terial can be applied to fill in the indentations and form
contact pads and traces.
[0062] In some examples, a mask with apertures cor-
responding to the locations for contact pads and/or traces
can applied to the layer of dielectric material at block
1520. Conductive material can then be applied over the
mask, and the mask can be removed to form contact
pads and/or traces. In other examples, a uniform coat of
conductive material can be applied to the layer of dielec-
tric material at block 1520, and then sections of the con-
ductive material can be removed (e.g., using chemical
or laser etching) to form contact pads and/or traces. In
some examples, conductive ink can be printed in a pat-
tern on the layer of dielectric material to form contact
pads and/or traces at block 1520. For example, a printer
can print conductive ink onto the layer of dielectric ma-
terial and an oven can be used to heat the structural
member and harden the conductive ink.
[0063] In some examples, the contact pads and traces
formed at block 1520 may have the same thickness. For
example, the contact pads (see, e.g., contact pads
251-254) and traces (see, e.g., traces 261-264) may pro-
trude the same distance from the dielectric material (see,
e.g., insulating layer 220). In other embodiments, the
contact pads may be thicker than the traces because the
contact pads may need to withstand forces from mating
with a female connector (e.g., frictional forces from in-
serting plug 200 in a jack and withdrawing plug 200 from
a jack).
[0064] In some examples, process 1500 can include
applying multiple layers of material to form contact pads
and/or traces. For example, process 1500 can include
providing multiple layers of the same conductive material
to form contact pads and/or traces. In some embodi-
ments, process 1500 can include providing multiple lay-

ers of different materials to form contact pads and/or trac-
es. For example, process 1500 can include applying a
first type of material to form a bottom layer of contact
pads and/or traces and then applying a second type of
material to form a top layer of contact pads and/or traces.
In one example, the first type of material can be a material
that forms a texture for receiving the second type of ma-
terial that serves as the primary conductor. In another
example, the first type of material can be a primary con-
ductor and the second type of material can be relatively
smooth to reduce frictional forces when the plug is in-
serted and removed from jacks.
[0065] A trace formed at block 1520 may electrically
couple with one of the contact pads using any suitable
physical connection. In some examples, a trace may be
a continuous extension of a contact pad and may, there-
fore, be electrically coupled with the contact pad. In some
examples, a trace may abut the edge of a contact pad to
electrically couple with the contact pad. In some exam-
ples, a contact pad may overlap at least a portion of a
trace to electrically couple with the trace. For example,
conductive material may be applied to form the trace be-
fore conductive material is applied to form the contact
pad, and the contact pad may overlap at least a portion
of the trace.
[0066] In some examples, a plug can include a struc-
tural member with insulating properties (see, e.g., struc-
tural member 410 of plug 400). Accordingly, a process
for forming a plug in accordance with such examples may
not include applying a layer of dielectric material to an
outer surface of a structural member (see, e.g., block
1510). For example, a process for forming a plug with a
structural member having insulating properties (see, e.g.,
structural member 410 of plug 400) may simply include
applying a conductive material to the structural member
to form contact pads and traces. At least one of the traces
may be electrically coupled with one of the contact pads
and extend along a plug axis.
[0067] FIG. 16 includes process 1600 for manufactur-
ing a plug in accordance with one embodiment. Process
1600 can be used to form a plug that is not orientation-
specific. For example, process 1600 can be used to form
plug 1100 of FIGS. 11A-11D. Prior to performing process
1600, a structural member (see, e.g., structural member
210 of plug 200 or structural member 1110 of plug 1100)
can be formed. For example, a structural member can
be formed by turning, machining, forging, casting, any
other suitable manufacturing technique, or any combina-
tion thereof.
[0068] At block 1610, a first layer of dielectric material
(see, e.g., layer 1120 of plug 1100) may be applied to an
outer surface of a structural member to cover a portion
of the structural member that extends along a plug axis.
Block 1610 may be substantially similar to block 1510 of
process 1500 and the previous description of the latter
can be applied to the former.
[0069] At block 1620, a conductive material can be ap-
plied to the first layer of dielectric material to form traces.
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At least one of the traces formed at block 1620 may ex-
tend along the plug axis. For example, a conductive ma-
terial can be applied on top of the first layer of dielectric
material (see, e.g., layer 1120 of plug 1100) to form traces
that serve as conductive paths along the plug axis (see,
e.g., traces 1161-1164 extending along plug axis 1105).
In some embodiments, at least one of the traces formed
at block 1620 may extend at least partially around the
plug in addition to extending along the plug axis. Any
suitable method for applying a conductive material can
be used to form traces at block 1620 (see, e.g., discus-
sion related to applying a conductive material to form
contact pads and traces at block 1520 of process 1500).
[0070] At block 1630, a second layer of dielectric ma-
terial (see, e.g., layer 1130 of plug 1100) can be applied
over the first layer and the traces. In some embodiments,
the second layer of dielectric material can be applied in
block 1630 using a method substantially similar to the
method used to apply dielectric material in block 1510 of
process 1500. Accordingly, the previous description of
applying dielectric material in block 1510 can be applied
to applying a second layer of dielectric material in block
1630. After block 1630, the traces formed at block 1620
may be below the surface of the plug (see, e.g., traces
1161-1164 below layer 1130).
[0071] At block 1640, a conductive material can be ap-
plied to the second layer of dielectric material to form
contact pads (see, e.g., contact pads 1151-1154 of plug
1100). For example, a conductive material can be applied
on top of the second layer of dielectric material (see, e.g.,
layer 1130) to form contact pads for coupling with a fe-
male connector (see, e.g., contact pads 1151-1151). Any
suitable method for applying a conductive material can
be used to form contact pads at block 1640 (see, e.g.,
discussion related to applying a conductive material to
form contact pads and traces at block 1520 of process
1500).
[0072] At least one of the contact pads formed at block
1640 can electrically couple with one of the traces formed
at block 1620 through the second layer of dielectric ma-
terial. For example, one or more conductive paths (see,
e.g., conductive paths 1171-1174) may extend through
the second layer of dielectric material to electrically cou-
ple a contact pad with one of the traces. Like the traces
formed at block 1620 and the contact pads formed at
block 1640, conductive paths through the second layer
of dielectric material can be formed from conductive ma-
terial. For example, after a second layer of dielectric ma-
terial is applied at block 1630, through-holes can be cre-
ated at specific points in the second layer (e.g., by chem-
ical or laser etching) and conductive material can be ap-
plied to fill the through-holes and create conductive
paths. At block 1640, conductive material can be applied
to create contact pads on top of such conductive paths
through the second layer of dielectric material. It is un-
derstood that any suitable structure for conducting elec-
trical current through specific points in a dielectric layer
can function as a conductive path through the second

layer of dielectric material. Moreover, such conductive
paths can be formed using any suitable process.
[0073] While the above description occasionally refers
to embodiments of audio plugs and methods for manu-
facturing audio plugs, it is understood that the plug and
methods of manufacture can be applied to any type of
plug for transmitting any type of electrical signal. For ex-
ample, the above description can be applied to plugs for
transmitting electrical power, data, audio, or any combi-
nation of the above between electronic devices.
[0074] The previously described embodiments are
presented for purposes of illustration and not of limitation.
It is understood that one or more features of an embod-
iment can be combined with one or more features of an-
other embodiment to provide systems and/or methods
without deviating from the scope of the invention as de-
fined by the appended claims.
[0075] The above described embodiments are pre-
sented for purposes of illustration and not of limitation,
and the present invention is limited only by the claims
which follow.

Claims

1. An elongated plug (1100) extending from a proximal
end to a distal end, the plug comprising:

a structural member (1110) extending along a
plug axis (1105);
a first insulating layer (1120) disposed over an
outer surface of the structural member (1110);
traces (1161, 1162, 1163, 1164) disposed on
the first insulating layer (1120), at least one of
the traces (1161, 1162, 1163, 1164) extending
along the plug axis (1105);
a second insulating layer (1130) disposed over
the first insulating layer (1120) and the traces;
and
characterised in that:

contact pads (1151, 1152, 1153, 1154) are
disposed on the second insulating layer
(1130), and that at least one of the contact
pads (1151, 1152, 1153, 1154) electrically
couples with one of the traces (1161, 1162,
1163, 1164) through the second insulating
layer (1130).

2. The plug (1100) of claim 1, wherein:

the structural member (1110) is conductive; and
one of the contact pads (1151, 1152, 1153,
1154) is electrically coupled with the structural
member (1110).

3. The plug (1100) of claims 1 and 2, wherein:
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the traces (1161, 1162, 1163, 1164) include a
first trace located at a radial distance from the
plug axis (1105); and
all other traces are located at the same radial
distance from the plug axis (1105).

4. The plug (1100) of any preceding claim, wherein the
at least one of the contact pads (1151, 1152, 1153,
1154) electrically couples with one of the traces
(1161, 1162, 1163, 1164) through a conductive path
(1171, 1172, 1173, 1174) extending radially from the
plug axis (1105) through the second insulating layer
(1130).

5. The plug (1100) of any preceding claim, wherein the
contact pads (1151, 1152, 1153, 1154) protrude from
the second insulating layer.

6. The plug (1100) of any preceding claim, wherein the
contact pads (1151, 1152, 1153, 1154) have a thick-
ness that is greater than a thickness of the traces
(1161, 1162, 1163, 1164).

7. The plug (1100) of claim 1, wherein each of the con-
tact pads (1151, 1152, 1153, 1154) has an outer sur-
face that is flush with an outer surface of the second
insulating layer (1130).

8. A method (1600) for manufacturing a plug (1100),
the method comprising:

applying (1610) a first layer (1120) of dielectric
material to an outer surface of a structural mem-
ber (1110) to cover a portion of the structural
member (1110) that extends along a plug axis
(1105);
applying (1620) a conductive material to the first
layer (1120) to form traces (1161, 1162, 1163,
1164), at least one of the traces (1161, 1162,
1163, 1164) extending along the plug axis
(1105);
applying (1630) a second layer (1130) of dielec-
tric material to the first layer (1120) and traces
(1161, 1162, 1163, 1164); and
applying (1640) a conductive material to the sec-
ond layer (1130) to form contact pads (1151,
1152, 1153, 1154), at least one of the contact
pads (1151, 1152, 1153, 1154) electrically cou-
pling with one of the traces (1161, 1162, 1163,
1164) through the second layer (1130).

9. The method (1600) of claim 8, wherein applying the
first layer (1120) of dielectric material comprises
spraying a layer of dielectric material onto the outer
surface of the structural member (1110).

10. The method (1600) of claims 8 and 9, wherein ap-
plying the second layer (1130) of dielectric material

comprises spraying a layer of dielectric material onto
the first layer of dielectric material (1120) and the
traces (1161, 1162, 1163, 1164).

11. The method (1600) of any of claims 8 to 10, further
comprising creating through-holes at specific points
in the second layer (1130) before applying the con-
ductive material to the second layer (1130) to form
contact pads (1151, 1152, 1153, 1154), wherein ap-
plying the conductive material fills the through-holes
and creates conductive paths (1171, 1172, 1173,
1174) through the second layer (1130) that electri-
cally couple each of the contact pads (1151, 1152,
1153, 1154) with one of the traces (1161, 1162, 1163,
1164).

12. The method (1600) of any of claims 8 to 11, wherein
the contact pads (1151, 1152, 1153, 1154) protrude
from the second insulating layer (1130).

13. The method (1600) of any of claims 8 to 12, wherein
the contact pads (1151, 1152, 1153, 1154) have a
thickness that is greater than a thickness of the trac-
es (1161, 1162, 1163, 1164).

14. The method (1600) of any of claims 8 to 11, wherein
each of the contact pads (1151, 1152, 1153, 1154)
has an outer surface that is flush with an outer sur-
face of the second insulating layer (1130).

15. A system for manufacturing a plug, the system com-
prising:

means for applying a first layer (1120) of dielec-
tric material to an outer surface of a structural
member (1110) to cover a portion of the struc-
tural member (1110) that extends along a plug
axis (1105);
means for applying a conductive material to the
first layer (1120) to form traces (1161, 1162,
1163, 1164), at least one of the traces (1161,
1162, 1163, 1164) extending along the plug axis
(1105);
means for applying a second layer (1130) of di-
electric material to the first layer (1120) and trac-
es (1161, 1162, 1163, 1164); and
means for applying a conductive material to the
second layer (1130) to form contact pads (1151,
1152, 1153, 1154), at least one of the contact
pads (1151, 1152, 1153, 1154) electrically cou-
pling with one of the traces (1161, 1162, 1163,
1164) through the second layer (1130).

Patentansprüche

1. Länglicher Stecker (1100), der sich von einem pro-
ximalen Ende zu einem distalen Ende erstreckt, wo-
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bei der Stecker umfasst:

ein strukturelles Element (1110), das sich ent-
lang einer Steckerachse (1105) erstreckt;
eine erste isolierende Schicht (1120), die über
einer äußeren Oberfläche des strukturellen Ele-
ments (1110) angeordnet ist;
Leiterbahnen (1161, 1162, 1163, 1164) die auf
der ersten isolierenden Schicht (1120) angeord-
net sind, wobei zumindest eine der Leiterbah-
nen (1161, 1162, 1163, 1164) sich entlang der
Steckerachse (1105) erstreckt;
eine zweite isolierende Schicht (1130), die über
der isolierenden Schicht (1120) und den Leiter-
bahnen angeordnet ist; und
dadurch gekennzeichnet, dass
Kontaktfelder (1151, 1152, 1153, 1154) auf der
zweiten isolierenden Schicht (1130) angeordnet
sind, und, dass
zumindest eines der Kontaktfelder (1151, 1152,
1153, 1154) elektrisch mit einer der Leiterbah-
nen (1161, 1162, 1163, 1164) durch die zweite
isolierende Schicht (1130) koppelt.

2. Stecker (1100) nach Anspruch 1, wobei:

das strukturelle Element (1110) leitend ist; und
eines der Kontaktfelder (1151, 1152, 1153,
1154) elektrisch mit dem strukturellen Element
(1110) gekoppelt ist.

3. Stecker (1100) nach Anspruch 1 und 2, wobei:

die Leiterbahnen (1161, 1162, 1163, 1164) eine
erste Leiterbahn beinhalten, die bei einer radi-
alen Entfernung von der Steckerachse (1105)
platziert ist; und
alle anderen Leiterbahnen bei derselben radia-
len Entfernung von der Steckerachse (1105)
platziert sind.

4. Stecker (1100) nach einem der vorangegangenen
Ansprüche, wobei das zumindest eine der Kontakt-
felder (1151, 1152, 1153, 1154) elektrisch mit einer
der Leiterbahnen (1161, 1162, 1163, 1164) durch
einen leitenden Pfad (1171, 1172, 1173, 1174) kop-
pelt, der sich radial von der Steckerachse (1105)
durch die zweite isolierende Schicht (1130) er-
streckt.

5. Stecker (1100) nach einem der vorangegangenen
Ansprüche, wobei die Kontaktfelder (1151, 1152,
1153, 1154) von der zweiten isolierenden Schicht
herausragen.

6. Stecker (1100) nach einem der vorangegangenen
Ansprüche, wobei die Kontaktfelder (1151, 1152,
1153, 1154) eine Dicke aufweisen, die größer ist als

eine Dicke der Leiterbahnen (1161, 1162, 1163,
1164).

7. Stecker (1100) nach Anspruch 1, wobei jedes der
Kontaktfelder (1151, 1152, 1153, 1154) eine äußere
Oberfläche aufweist, die mit einer äußeren Oberflä-
che der zweiten isolierenden Schicht (1130) bündig
ist.

8. Verfahren (1600) zum Herstellen eines Steckers
(1100), wobei das Verfahren umfasst:

Aufbringen (1610) einer ersten Schicht (1120)
aus dielektrischem Material auf einer äußeren
Oberfläche eines strukturellen Elements (1110),
um einen Anteil des strukturellen Elements
(1110) zu bedecken, der sich entlang einer Ste-
ckerachse (1105) erstreckt;
Aufbringen (1620) eines leitenden Materials auf
der ersten Schicht (1120), um Leiterbahnen
(1161, 1162, 1163, 1164) zu bilden, wobei sich
zumindest eine der Leiterbahnen (1161, 1162,
1163, 1164) entlang der Steckerachse (1105)
erstreckt;
Aufbringen (1630) einer zweiten Schicht (1130)
aus dielektrischem Material auf der ersten
Schicht (1120) und auf den Leiterbahnen (1161,
1162, 1163, 1164); und
Aufbringen (1640) eines leitenden Materials auf
der zweiten Schicht (1130), um Kontaktfelder
(1151, 1152, 1153, 1154) zu bilden, wobei zu-
mindest eines der Kontaktfelder (1151, 1152,
1153, 1154) elektrisch mit einer der Leiterbah-
nen (1161, 1162, 1163, 1164) durch die zweite
Schicht (1130) koppelt.

9. Verfahren (1600) nach Anspruch 8, wobei das Auf-
bringen der ersten Schicht (1120) aus dielektri-
schem Material ein Sprühen einer Schicht aus die-
lektrischem Material auf die äußere Oberfläche des
strukturellen Elements (1110) umfasst.

10. Verfahren (1600) nach Anspruch 8 und 9, wobei das
Aufbringen der zweiten Schicht (1130) aus dielekt-
rischem Material ein Sprühen einer Schicht aus di-
elektrischem Material auf die erste Schicht aus die-
lektrischem Material (1120) und auf die Leiterbah-
nen (1161, 1162, 1163, 1164) umfasst.

11. Verfahren (1600) nach einem der Ansprüche 8 bis
10, weiter umfassend ein Erzeugen von Durch-
gangslöchern an spezifischen Punkten in der zwei-
ten Schicht (1130) vor dem Aufbringen des leitenden
Materials auf der zweiten Schicht (1130), um Kon-
taktfelder (1151, 1152, 1153, 1154) zu bilden, wobei
das Aufbringen des leitenden Materials die Durch-
gangslöcher füllt und leitende Pfade (1171, 1172,
1173, 1174) durch die zweite Schicht (1130) erzeugt,
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die elektrisch jedes der Kontaktfelder (1151, 1152,
1153, 1154) mit einer der Leiterbahnen (1161, 1162,
1163, 1164) koppeln.

12. Verfahren (1600) nach einem der Ansprüche 8 bis
11, wobei die Kontaktfelder (1151, 1152, 1153,
1154) von der zweiten isolierenden Schicht (1130)
herausragen.

13. Verfahren (1600) nach einem der Ansprüche 8 bis
12, wobei die Kontaktfelder (1151, 1152, 1153,
1154) eine Dicke aufweisen, die größer ist als eine
Dicke der Leiterbahnen (1161, 1162, 1163, 1164).

14. Verfahren (1600) nach einem der Ansprüche 8 bis
11, wobei jedes der Kontaktfelder (1151, 1152, 1153,
1154) eine äußere Oberfläche aufweist, die mit einer
äußeren Oberfläche der zweiten isolierenden
Schicht (1130) bündig ist.

15. System zum Herstellen eines Steckers, wobei das
System umfasst:

Mittel zum Aufbringen einer ersten Schicht
(1120) aus dielektrischem Material auf einer äu-
ßeren Oberfläche eines strukturellen Elements
(1110), um einen Anteil des strukturellen Ele-
ments (1110) zu bedecken, der sich entlang ei-
ner Steckerachse (1105) erstreckt;
Mittel zum Aufbringen eines leitenden Materials
auf der ersten Schicht (1120), um Leiterbahnen
(1161, 1162, 1163, 1164) zu bilden, wobei zu-
mindest eine der Leiterbahnen (1161, 1162,
1163, 1164) sich entlang der Steckerachse
(1105) erstreckt;
Mittel zum Aufbringen einer zweiten Schicht
(1130) aus dielektrischem Material auf der ers-
ten Schicht (1120) und auf den Leiterbahnen
(1161, 1162, 1163, 1164); und
Mittel zum Aufbringen eines leitenden Materials
auf der zweiten Schicht (1130), um Kontaktfel-
der (1151, 1152, 1153, 1154) zu bilden, wobei
zumindest eines der Kontaktfelder (1151, 1152,
1153, 1154) elektrisch mit einer der Leiterbah-
nen (1161, 1162, 1163, 1164) durch die zweite
Schicht (1130) koppelt.

Revendications

1. Fiche allongée (1100) s’étendant d’une extrémité
proximale à une extrémité distale, la fiche
comprenant :

un élément structural (1110) s’étendant le long
d’un axe de la fiche (1105) ;
une première couche isolante (1120) disposée
sur une surface extérieure de l’élément structu-

ral (1110) ;
des pistes (1161, 1162, 1163, 1164) disposées
sur la première couche isolante (1120), au
moins une des pistes (1161, 1162, 1163, 1164)
s’étendant le long de l’axe de la fiche (1105) ;
une seconde couche isolante (1130) disposée
sur la première couche isolante (1120) et sur les
pistes ; et
caractérisée en ce que
des plots de contact (1151, 1152, 1153, 1154)
sont disposés sur la seconde couche isolante
(1130), et en ce que
au moins un des plots de contact (1151, 1152,
1153, 1154) est couplé électriquement à une
des pistes (1161, 1162, 1163, 1164) à travers
la seconde couche isolante (1130).

2. Fiche (1100) selon la revendication 1, dans laquelle :

l’élément structural (1110) est conducteur ; et
un des plots de contact (1151, 1152, 1153,
1154) est couplé électriquement à l’élément
structural (1110).

3. Fiche (1100) selon les revendications 1 et 2, dans
laquelle :

les pistes (1161, 1162, 1163, 1164) compren-
nent une première piste située à une distance
radiale par rapport à l’axe de la fiche (1105) ; et
toutes les autres pistes sont situées à la même
distance radiale par rapport à l’axe de la fiche
(1105).

4. Fiche (1100) selon l’une quelconque des revendica-
tions précédentes, dans laquelle au moins un des
plots de contact (1151, 1152, 1153, 1154) est couplé
électriquement à une des pistes (1161, 1162, 1163,
1164) par l’intermédiaire d’un chemin conducteur
(1171, 1172, 1173, 1174) s’étendant radialement de-
puis l’axe de la fiche (1105) à travers la seconde
couche isolante (1130).

5. Fiche (1100) selon l’une quelconque des revendica-
tions précédentes, dans laquelle les plots de contact
(1151, 1152, 1153, 1154) dépassent de la seconde
couche d’isolation.

6. Fiche (1100) selon l’une quelconque des revendica-
tions précédentes, dans laquelle les plots de contact
(1151, 1152, 1153, 1154) ont une épaisseur qui est
supérieure à une épaisseur des pistes (1161, 1162,
1163, 1164).

7. Fiche (1100) selon la revendication 1, dans laquelle
chacun des plots de contact (1151, 1152, 1153,
1154) a une surface extérieure qui affleure une sur-
face extérieure de la seconde couche isolante
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(1130).

8. Procédé (1600) de fabrication d’une fiche (1100), le
procédé comprenant :

l’application (1610) d’une première couche
(1120) de matériau diélectrique sur une surface
extérieure d’un élément structural (1110) de fa-
çon à recouvrir une partie de l’élément structural
(1110) qui s’étend le long d’un axe de la fiche
(1105) ;
l’application (1620) d’un matériau conducteur
sur la première couche (1120) pour former des
pistes (1161, 1162, 1163, 1164), au moins une
des pistes (1161, 1162, 1163, 1164) s’étendant
le long de l’axe de la fiche (1105) ;
l’application (1630) d’une seconde couche
(1130) de matériau diélectrique sur la première
couche (1120) et sur les pistes (1161, 1162,
1163, 1164) ; et
l’application (1640) d’un matériau conducteur
sur la seconde couche (1130) pour former des
plots de contact (1151, 1152, 1153, 1154), au
moins un des plots de contact (1151, 1152,
1153, 1154) étant couplé électriquement à une
des pistes (1161, 1162, 1163, 1164) à travers
la seconde couche (1130).

9. Procédé (1600) selon la revendication 8, dans lequel
l’application de la première couche (1120) de maté-
riau diélectrique consiste à pulvériser une couche
de matériau diélectrique sur la surface extérieure de
l’élément structural (1110).

10. Procédé (1600) selon les revendications 8 et 9, dans
lequel l’application de la seconde couche (1130) de
matériau diélectrique consiste à pulvériser une cou-
che de matériau diélectrique sur la première couche
de matériau diélectrique (1120) et sur les pistes
(1161, 1162, 1163, 1164).

11. Procédé (1600) selon l’une quelconque des reven-
dications 8 à 10, comprenant en outre la création de
trous traversants à des endroits spécifiques dans la
seconde couche (1130) avant l’application du maté-
riau conducteur sur la seconde couche (1130) pour
former des plots de contact (1151, 1152, 1153,
1154), dans lequel l’application du matériau conduc-
teur remplit les trous traversants et crée des chemins
conducteurs (1171, 1172, 1173, 1174) à travers la
seconde couche (1130) qui couplent électriquement
chacun des plots de contact (1151, 1152, 1153,
1154) à une des pistes (1161, 1162, 1163, 1164).

12. Procédé (1600) selon l’une quelconque des reven-
dications 8 à 11, dans lequel les plots de contact
(1151, 1152, 1153, 1154) dépassent de la seconde
couche isolante (1130).

13. Procédé (1600) selon l’une quelconque des reven-
dications 8 à 12, dans lequel les plots de contact
(1151, 1152, 1153, 1154) ont une épaisseur qui est
supérieure à une épaisseur des pistes (1161, 1162,
1163, 1164).

14. Procédé (1600) selon l’une quelconque des reven-
dications 8 à 11, dans lequel chacun des plots de
contact (1151, 1152, 1153, 1154) a une surface ex-
térieure qui affleure une surface extérieure de la se-
conde couche isolante (1130).

15. Système de fabrication d’une fiche, le système
comprenant :

des moyens pour appliquer une première cou-
che (1120) de matériau diélectrique sur une sur-
face extérieure d’un élément structural (1110)
de façon à recouvrir une partie de l’élément
structural (1110) qui s’étend le long d’un axe de
la fiche (1105) ;
des moyens pour appliquer un matériau conduc-
teur sur la première couche (1120) pour former
des pistes (1161, 1162, 1163, 1164), au moins
une des pistes (1161, 1162, 1163, 1164) s’éten-
dant le long de l’axe de la fiche (1105) ;
des moyens pour appliquer une seconde cou-
che (1130) de matériau diélectrique sur la pre-
mière couche (1120) et sur les pistes (1161,
1162, 1163, 1164) ; et
des moyens pour appliquer un matériau conduc-
teur sur la seconde couche (1130) pour former
des plots de contact (1151, 1152, 1153, 1154),
au moins un des plots de contact (1151, 1152,
1153, 1154) étant couplé électriquement à une
des pistes (1161, 1162, 1163, 1164) à travers
la seconde couche (1130).
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