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(54) Electronic connector having flexible region

(57) An electronic connector (100) includes a hous-
ing (102) and a plug (104) extending from the housing
(102). The plug (104) includes at least one flexible region
(130) that provides flexing of the plug (104). In some ex-
ample embodiments, the plug (104) also includes at least
one rigid region. The plug (104) has at least one inter-

connect. Each interconnect includes a lead (105) and a
contact (106). The contacts (106) are exposed on an ex-
terior surface of the plug (104), such exposure being pro-
vided so as to enable electrical coupling between the
plug (104) and an electronic receptacle into which the
plug (104) may be removably inserted.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit
of U.S. Patent Application No. 13/841,122, filed March
15, 2013, which prior application is incorporated by ref-
erence herein in its entirety and made part hereof.

TECHNICAL FIELD

[0002] The invention relates generally to an electronic
connector and, more specifically, to a USB or other elec-
tronic connector that has at least one flexible region to
provide flexing of the connector.

BACKGROUND

[0003] Electronic connectors, such as Universal Serial
Bus (USB) connectors, are used in a variety of ways for
connecting electronic devices to computer systems or
other types of processing systems. For example, USB
connectors and other electronic connectors are used in
the connection of computer peripherals, such as key-
boards, mice, digital cameras, printers, portable media
players, disk drives, etc., and have also become com-
monplace on devices such as smartphones, PDAs, and
video game consoles. New applications for electronic
connectors continue to emerge as new electronic devices
of different size, shape, and functionality begin to imple-
ment the use of such connectors.
[0004] Because of the wide-spread use of electronic
connectors, there has been a need to improve many of
their features. For example, the standard USB specifica-
tions, which can be found at http://www.usb.org/devel-
opers/docs/ and are incorporated herein by reference,
require the USB connector to have a metal shell. One
purpose of the metal shell is that it serves to protect the
signals of the metal contacts from electromagnetic inter-
ference ("EMI"). The metal shell also facilitates insertion
and secure connection of the USB connector into a USB
receptacle. Furthermore, the metal shell tends to improve
the durability of the USB connector, such as under cir-
cumstances of frequent use by users who may not exer-
cise adequate care in the handling of the connector.
[0005] Although a metal shell contributes to the rigidity
of the USB connector, rigid USB connectors can be lim-
iting and lack versatility in use. For example, rigid USB
connectors can be challenging to insert into a USB re-
ceptacle, including if the receptacle’s access is in any
way constrained. Challenging insertion may arise, e.g.
in a laptop computer, in connection with the USB recep-
tacle’s placement in the computer’s back side or, if the
laptop computer has a thin profile, by the USB recepta-
cle’s placement in an edge such that the receptacle is
closely adjacent to any surface on which the computer
might be placed. Additionally, rigid USB connectors may
not be optimal for uses in which the connectors may be

subject to, and endangered by, external forces that may
be applied directly or indirectly to the USB connector.
Such external forces may arise variously, including dur-
ing and/or in connection with insertion (e.g., a challenging
insertion) of the USB connector into the USB receptacle,
or during use of the device employing the USB connector
(e.g., while inserted in the receptacle). Thus, it is desir-
able to have a USB connector that addresses either/both
challenges arising with insertion of the USB connector
into a USB receptacle and/or dangers associated with
external forces. It is also desirable to have electronic con-
nectors other than USB connectors that respond to such
challenges and/or dangers. Accordingly, a need exists
for electronic connectors that overcome the foregoing
and other problems and deficiencies associated with ex-
isting connectors.
[0006] The present device and method are provided
to address the problems discussed above and other
problems, and to provide advantages and aspects not
provided by prior electronic connectors of this type. A full
discussion of the features and advantages of the present
invention is deferred to the following detailed description,
which proceeds with reference to the accompanying
drawings.

BRIEF SUMMARY

[0007] The following presents a general summary of
aspects of the invention in order to provide a basic un-
derstanding of the invention. This summary is not an ex-
tensive overview of the invention. It is not intended to
identify key or critical elements of the invention or to de-
lineate the scope of the invention. The following summary
merely presents some concepts of the invention in a gen-
eral form as a prelude to the more detailed description
provided below.
[0008] Aspects of the invention relate to electronic con-
nectors, being configured for removable insertion into
electronic receptacles, including a housing and a plug
extending from the housing. The plug includes a flexible
region wherein the flexible region is configured to provide
flexing of the plug up to an angle of at least +/- 10 degrees
from a natural state.
[0009] According to one aspect, the flexible region is
configured to provide flexing of the plug up to an angle
of at least +/- 30 degrees from the natural state. In other
aspects, the flexible region is configured to provide flex-
ing of the plug up to an angle of at least +/- 60 degrees,
or +/- 90 degrees from the natural state.
[0010] According to another aspect, the plug includes
a rigid region in association with the flexible region.
[0011] According to another aspect, the flexible region
includes a flexible beam and the rigid region includes a
contact carrier. The flexible beam extends between the
housing and the contact carrier.
[0012] According to a further aspect, the plug includes
one or more leads, at least one of such leads being at
least partially embedded within the flexible beam..
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[0013] According to a further aspect, the plug is further
configured for insertion into a non-electronic receptacle
having a curved insertion path.
[0014] According to a further aspect, the flexible region
is formed of one or more materials having a hardness of
between 60-100 Shore A.
[0015] According to a still further aspect, the contact
carrier comprises a plurality of platforms separated by a
plurality of recesses that are recessed with respect to the
platforms, and wherein the plug further comprises a flex-
ible material forming the flexible region, and the flexible
material at least partially fills the recesses.
[0016] According to a still further aspect, the rigid re-
gion is formed of one or more materials having a hard-
ness of at least 70 Shore D.
[0017] Other aspects of this invention relate to elec-
tronic devices including a housing, a printed circuit board
at least partially within the housing, a plurality of leads in
communication with the printed circuit board and extend-
ing from the housing, and a connector as described here-
in. The connector may further include any of the features
of the connectors described herein.
[0018] According to one aspect, the electronic device
is a portable memory storage (e.g. flash memory) drive.
In other aspects, the electronic device is a USB cable, a
USB adapter, an athletic performance monitoring device,
or an electronic watch having a controller and a user in-
terface and a plurality of user inputs operably associated
with the controller.
[0019] Other aspects of this invention relate to a meth-
od for manufacturing an electronic connector including
assembling a housing, a plurality of conductive members,
and a contact carrier, such that the conductive members
extend from the housing and are engaged with the con-
tact carrier. The method further includes molding a flex-
ible polymer material around the conductive members
and the contact carrier to connect the contact carrier to
the housing and to form a plug extending from the hous-
ing. The plug includes a flexible region including the flex-
ible polymer material and a rigid region including the con-
tact carrier. The conductive members have exposed por-
tions forming contacts on an outer surface of the plug to
form contacts on the outer surface and embedded por-
tions forming leads extending from the contacts to the
housing through the flexible polymer material. The plug
is configured for insertion into a receptacle to enable elec-
tronic coupling between the plug and the receptacle. The
connector may further be manufactured to include any
of the features of the connectors described herein.
[0020] According to one aspect, the flexible polymer
material connects the housing and the contact carrier
and extends between the housing and the contact carrier.
[0021] According to a further aspect, the contact carrier
includes a plurality of platforms separated by a plurality
of recesses that are recessed with respect to the plat-
forms, wherein the contacts are engaged with the plat-
forms, and wherein the flexible polymer material at least
partially fills the recesses

[0022] Other features and advantages of the invention
will be apparent from the following description taken in
conjunction with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] To allow for a more full understanding of the
present invention, it will now be described by way of ex-
ample, with reference to the accompanying drawings in
which:

FIG. 1 is a perspective view of an illustrative embod-
iment of an electronic connector according to the
present invention;
FIG. 2 is a top view of the electronic connector of
FIG. 1;
FIG. 3 is a bottom view of the electronic connector
of FIG. 1;
FIG. 4 is a side view of the electronic connector of
FIG. 1;
FIG. 5 is a side view of the electronic connector of
FIG. 1, with the broken lines illustrating the connector
in possible flexed states;
FIG. 6 is a cross-sectional view of the electronic con-
nector of FIG. 1, taken along lines 6-6 of FIG. 1;
FIG. 7 is a cross-sectional view of the electronic con-
nector of FIG. 2, taken along lines 7-7 of FIG. 2;
FIG. 8 is a partial cross-sectional view of an example
embodiment of an electronic device that can be used
in connection with an electronic connector according
to aspects of the present invention;
FIG. 9 is an exploded perspective view of the elec-
tronic connector of FIG. 1, with portions removed to
show detail;
FIG. 10 is a cross-sectional side view of the elec-
tronic connector of FIG. 1, prior to molding;
FIG. 11 is a cross-sectional side view of the elec-
tronic connector of FIG. 1, during molding;
FIG. 12 is a partial cross-sectional side view of the
electronic connector of FIG. 1, after molding;
FIG. 13 is a perspective view of the electronic con-
nector of FIG. 1, with broken lines indicating portions
shown as transparent to illustrate internal detail;
FIG. 14 is a partial cross-sectional side view of ex-
ample embodiments of a locking structure that can
be used in connection with an electronic connector
according to aspects of the present invention;
FIG. 15 is a perspective view of an example embod-
iment of an electronic device that can be used in
connection with an electronic connector according
to aspects of the present invention;
FIG. 16 is a perspective view of an example embod-
iment of an electronic device that can be used in
connection with an electronic connector according
to aspects of the present invention;
FIG. 17 is a perspective view of an example embod-
iment of an electronic device that can be used in
connection with an electronic connector according
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to aspects of the present invention;
FIG. 18 is a perspective view of an example embod-
iment of an electronic device that can be used in
connection with an electronic connector according
to aspects of the present invention;
FIG. 19 is a perspective view of another illustrative
embodiment of an electronic connector according to
the present invention;
FIG. 20 is a cross-sectional view of the electronic
connector of FIG. 19, taken along lines 20-20 of FIG.
19;
FIG. 21 is a cross-sectional view of another illustra-
tive embodiment of an electronic connector accord-
ing to the present invention;
FIG. 22 is a cross-sectional view of another illustra-
tive embodiment of an electronic connector accord-
ing to the present invention;
FIG. 23 is a cross-sectional view of the electronic
connector of FIG. 22, taken along lines 23-23 of FIG.
22;
FIG. 24 is a cross-sectional view of another illustra-
tive embodiment of an electronic connector accord-
ing to the present invention;
FIG. 25 is a cross-sectional view of another illustra-
tive embodiment of an electronic connector accord-
ing to the present invention;
FIG. 26 is a cross-sectional view of the electronic
connector of FIG. 22, taken along lines 26-26 of FIG.
25;
FIG. 27 is a cross-sectional view of another illustra-
tive embodiment of an electronic connector accord-
ing to the present invention;
FIG. 28 is a cross-sectional view of another illustra-
tive embodiment of an electronic connector accord-
ing to the present invention;
FIG. 29 is a cross-sectional view of another illustra-
tive embodiment of an electronic connector accord-
ing to the present invention; and
FIG. 30 is a cross-sectional view of another illustra-
tive embodiment of an electronic connector accord-
ing to the present invention.

DETAILED DESCRIPTION

[0024] In the following description of various example
structures according to the invention, reference is made
to the accompanying drawings, which form a part hereof,
and in which are shown by way of illustration various
example devices, systems, and environments in which
aspects of the invention may be practiced. It is to be un-
derstood that other specific arrangements of parts, ex-
ample devices, systems, and environments may be uti-
lized and structural and functional modifications may be
made without departing from the scope of the present
invention. Also, while the terms "top," "bottom," "front,"
"back," "side," "rear," and the like may be used in this
specification to describe various example features and
elements of the invention, these terms are used herein

as a matter of convenience, e.g., based on the example
orientations shown in the figures or the orientation during
typical use. Additionally, the term "plurality," as used
herein, indicates any number greater than one, either
disjunctively or conjunctively, as necessary, up to an in-
finite number. Nothing in this specification should be con-
strued as requiring a specific three dimensional orienta-
tion of structures in order to fall within the scope of this
invention. Also, the reader is advised that the attached
drawings are not necessarily drawn to scale.
[0025] In general, aspects of this invention relate to
electronic connectors, such as, in example embodi-
ments, USB connectors. In example embodiments, elec-
tronic connectors may include a housing and a plug ex-
tending from the housing. The plug includes at least one
flexible region. Some aspects of this invention relate to
electronic devices that implement electronic connectors,
wherein such connectors have at least one flexible region
and which electronic devices may include, e.g., a mem-
ory storage device (e.g., a USB thumb drive), a USB ca-
ble, a USB adapter, an electronic watch, an athletic per-
formance monitoring device, and the like.
[0026] The various figures in this application illustrate
examples of electronic connectors. When the same ref-
erence number appears in more than one drawing, that
reference number is used consistently in this specifica-
tion and the drawings refer to the same or similar parts
throughout.
[0027] Referring to FIGS. 1-7, an example electronic
connector 100 is shown, which connector comprises a
housing 102 and a plug 104 extending from the housing
102. The plug 104 comprises at least one flexible region
130. In some example embodiments, the plug 104 may
comprise at least one rigid region and/or at least one
flexible region.
[0028] The plug 104 comprises at least one intercon-
nect. In example embodiments, the plug 104 comprises
a plurality of interconnects. In some example embodi-
ments, the plug 104 comprises interconnects in number
(and, in some cases, placement, materials, etc.) as pre-
scribed by the electronic connector’s connector type
(e.g., the connector type may have, among other, pre-
scriptions per a technology standard, such as, for exam-
ple USB2.0). Each interconnect includes a lead 105 and
a contact 106. The contacts 106 are exposed on an ex-
terior surface of the plug 104, distally disposed relative
to the housing, such exposure and disposition being pro-
vided so as to enable electrical coupling between the
plug 104 and an electronic receptacle into which the plug
104 may be removably inserted (herein, the terms "elec-
trical coupling", "electrically coupled" and derivatives of
either, are employed to reference any connection that
enables communication of signals and/or transmission
of electrical power, either or both of which are understood
as to electronic connectors).
[0029] The leads 105 are electrically coupled with the
contacts 106. The leads 105 extend from the housing
102 along the length of the plug 104. In some example
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embodiments, one or more leads 105 may extend into
the housing 102 (e.g., via a hole 103, as described herein
and shown in Fig. 7), i.e., in a direction away from the
contacts 106. In example embodiments, one or more
leads 105 may extend through the housing 102 (e.g.,
through a hole 103, as described herein and shown in
Fig. 7). In example embodiments, one or more leads 105
may be electrically coupled, directly or indirectly, with one
or more components (not shown) associated with the
connector’s electronic device (herein, the term "electron-
ic components" is employed to reference electronic, elec-
trical, electro-mechanical or other similar components
generally, including whether associated with the connec-
tor’s electronic device or with a receptacle’s electronic
apparatus, whether active or passive, and whether pro-
vided individually or in any group, assembly, module or
other arrangement, and including, as examples, circuit
boards (populated or otherwise), modules, assemblies,
integrated circuits, transistors, diodes, capacitors, induc-
tors, resistors, sensors, actuators, display technologies,
crystals, power sources, wiring, connectors, antenna,
protection technologies, etc.). In example embodiments,
via leads 105, contacts 106 are electrically coupled to
the device’s electronic components. In some example
embodiments, including in the example embodiment
shown in FIGS. 1-7, the leads 105 are at least partially
embedded, enclosed or concealed within the plug 104,
as described in greater detail herein.
[0030] The housing 102 may be variously implement-
ed. In the example embodiment illustrated in FIG. 1, the
housing 102 is depicted generally, i.e., without depicting
any electronic device with which the electronic connector
may be associated. In various example embodiments,
some of which are depicted in FIGS. 8 and 15-18, the
housing 102 may be implemented in, as a portion of, or
otherwise in association with, as examples, a memory
storage device (e.g., a USB thumb drive), a USB cable,
a USB adapter, an electronic watch, or an athletic per-
formance monitoring device. Notwithstanding the fore-
going example embodiments, the housing 102 may be
implemented in, as a portion of, or otherwise in associ-
ation with, any other electronic device with which the elec-
tronic connector may be associated. In example embod-
iments, the housing 102 may be any part of an electronic
device from which extends the plug 104. In example em-
bodiments, the housing 102 may be understood as the
demarcation, or as substantially the demarcation, be-
tween the plug 104 and the electronic device with which
the electronic connector is associated. In example em-
bodiments, the housing 102 may have one or more ap-
erture(s), via(s), cavity(ies), recess(es), interior(s) or oth-
er similar structure(s) (such as interior 90 as illustrated
in FIG. 7) so as, e.g., to accommodate (i) one or more
leads 105 extending thereinto or therethrough, as herein
described and/or (ii) one or more electronic, mechanical,
structural or other component(s) (not shown) associated
with the connector’s electronic device. In some example
embodiments, some or all of such aperture(s), via(s),

cavity(ies), recess(es) or other similar structure(s) may
be filled, e.g. via potting, molding or other fabrication pro-
cedures, such as after the leads or any such components
have been assembled with respect to the housing 102
per the accommodation purposes of any such struc-
ture(s).
[0031] The plug 104 of the example electronic connec-
tor 100 of FIG. 1 is implemented having a top 114, a
bottom 116, sides 118 and 120, a front 122, and a back
or rear 124. In the example embodiment shown in FIGS.
1-7, and particularly as shown via FIG. 6, the plug 104
may be substantially rectangular in cross-sectional
shape along at least some portion of its length (i.e., as
depicted via the cross-section taken along line 6-6 shown
in FIG. 1). In other example embodiments, the plug 104
may be shaped differently or variably, e.g., cross-sec-
tions may be circular, elliptical, triangular, hexagonal,
combinations of these or other shapes, etc. The cross-
sectional shape of the plug 104, as well as other physical
characteristics (e.g., dimensions, shapes, etc.), may be
configured responsive to, among other factors, the in-
tended use of the electronic connector 100, including, as
examples, one or more of the shape, size, location, ori-
entation or other physical characteristics of the electronic
receptacle into which the plug 104 is configured for re-
movable insertion.
[0032] In example embodiments, the plug 104 is con-
figured for removable insertion into compatible electronic
receptacles. In example embodiments wherein the plug
104 is configured in accordance with prescriptions of its
connector type, compatible electronic receptacles will
similarly be configured in accordance with the type’s pre-
scriptions. For example, the plug 104 as illustrated in
FIGS. 1-7 is configured for removable insertion into USB-
type receptacles (e.g., where the USB type is USB2.0,
the USB2.0 technology standard prescribes configura-
tions as to both the plug and the receptacle, so as to
ensure compatibility, e.g., for electrical coupling there-
between). In some example embodiments, the plug 104
may additionally be configured for removable insertion
into one or more non-electronic receptacles (i.e., recep-
tacles that have no electronic components). With such
non-electronic receptacles, the plug 104 engages with
the receptacles mechanically. FIG. 14 illustrates an ex-
ample of such a non-electronic receptacle 1490 that the
electronic connector 1400 engages mechanically, as de-
scribed in greater detail below. It is understood that any
desired receptacle may be used without departing from
this invention.
[0033] As described herein, the plug 104 has at least
one flexible region 130 that provides flexing of the plug
104. In some example embodiments, one or more flexible
region(s) may be implemented toward providing selected
flexibility characteristics. In other example embodiments,
one or more flexible region(s) may be implemented to-
gether with one or more rigid region(s) toward providing
selected flexibility characteristics. Such flexibility charac-
teristics may include angular flexing of the plug, e.g.,
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greater than a selected angle, at least of a selected angle,
or at least up to a selected angle, or a combination of
these angular characteristics. Such flexibility character-
istics may also include radii of curvature associated with
the plug’s flexing, e.g., for respective radii, the radius
length and the location for the flex axis to which the radius
applies. Such flexibility characteristics may also include
directional flexing of the plug, e.g., flex component(s) in
one or more selected directions, flex component(s) in
one or more selected planes, or the like. Such flexibility
characteristics may also include physical parameters,
such as resiliency and the like. Such flexibility character-
istics may also include radii of curvature associated with
the plug’s flexing, e.g., for respective radii, the radius
length and the location for the flex axis to which the radius
applies. Such flexibility characteristics may also be oth-
erwise provided. Such flexibility characteristics may also
be provided via plural flexible region(s), which plural flex-
ible regions may be variously implemented.
[0034] In example embodiments, the plug’s flexible re-
gion provides flexing of the plug to a selected angle with
respect to a natural state. The "natural state" refers to
the state of the plug 104 when it is not acted on by an
external force. The selected angle of flexing may be var-
iously implemented, including, in various example em-
bodiments: at least +/- 10 degrees from a natural state,
at least +/- 30 degrees, at least +/- 60 degrees, or at least
+/- 90 degrees. In the illustrative embodiment shown in
FIG. 5, the flexible region 130 provides flexing of the plug
104 to an angle of at least +/- 60 degrees from a natural
state. The flexible region 130 allows for the plug’s inser-
tion into a receptacle, in the event that the receptacle is
curved along the insertion path it provides to a connector.
For example, FIG. 8 shows an example of where the plug
804 flexes when inserted into the non-electronic recep-
tacle 890 of apparatus 800, which receptacle 890 curves
along the path of connector insertion. Also, the flexible
region 130 allows for insertion of the plug 104 when ac-
cessing a USB receptacle, particularly wherein the ac-
cessibility is in any way constrained (e.g. in a laptop com-
puter, by placement of the USB receptacle in the com-
puter’s back side or, if the laptop computer has a thin
profile, by placement of the USB receptacle in an edge
such that the receptacle is closely adjacent to any surface
on which the computer might be placed). The flexible
region 130 may also improve the durability of an elec-
tronic connector by helping absorb external forces that
may act on the electronic connector. The flexible region
130 may also improve the aesthetics of an electronic de-
vice by eliminating design constraints associated with a
rigid, or more rigid, electronic connector.
[0035] In example embodiments, the plug 104 may flex
elastically to a selected angle within the ranges herein
described such that the plug 104 does not fracture or
undergo any substantial permanent deformation. In ex-
ample embodiments, the plug 104 can return to its natural
state after flexing. In other example embodiments, flexing
of the plug 104 to the selected angle within the ranges

herein described may result in at least some permanent
deformation, but without fracture. Flexing of the plug 104
may decrease the maximum potential insertion distance.
In example embodiments, the length of the plug 104, e.g.
measured from the housing 102 to the front of the plug
122, may be increased when used with a plug 104 having
one or more flexible regions. In example embodiments,
the length of the plug 104 may be greater than the length
of a standard USB (e.g., where the USB type is USB2.0,
the USB2.0 technology standard prescribes configura-
tions as to both the plug and the receptacle, so as to
ensure compatibility, e.g., length of the plug). In one ex-
ample, the plug 104 may be longer than a standard USB
plug by 1 millimeter.
[0036] In example embodiments, such as the example
embodiment illustrated in FIG. 5, the plug 104 is illustrat-
ed as flexing vertically, with a flex axis disposed or sub-
stantially disposed in a direction lateral to and along the
central/neutral axis of the plug 104. Indeed, in FIG. 5, the
plug’s vertical flexing may be provided via the flex axis
being disposed not only along the central/neutral axis,
but also along the vertical axis. It is understood that in
example embodiments, the flexible region 130 may pro-
vide flexing of the plug 104 along multiple different flex
axes. In example embodiments, flexing may be along
one or more flex axes, any which axis may have compo-
nents along one or more of the central/neutral axis N, the
lateral axis L, and/or the vertical axis V, as shown in FIG.
1. In various example embodiments, the flexible region
130 may provide vertical, horizontal, and/or rotational
flexing of the plug 104. Such flexing may be, in some
example embodiments, so as to provide angular flex
characteristics, as described herein. In other embodi-
ments, the flexible region 130 may provide flexing of the
plug 104 in any or all of the six degrees of freedom of the
plug 104. The flexing of the plug 104 along these different
axes and degrees of freedom may be similar to the flexing
herein described.
[0037] In example embodiments, the flexible region
130 may be an identifiable portion of the length of the
plug 104. In some example embodiments, the entire plug
104 may be flexible, and therefore the entire plug 104
may be referred to as the flexible region 130. In such an
embodiment, the plug 104 may be made from a material
that provides flexing of the plug 104 to a selected angle
with respect to a natural state, while also having sufficient
hardness to resist damage, while also having a sufficient-
ly low coefficient of friction for ease of insertion and for
minimal wear and tear. In other embodiments, the plug
104 may have multiple flexible regions 130 with the same
or different flexibilities. In example embodiments, a flex-
ible region 130 may have varying flexibility throughout.
[0038] The plug 104 may contain portions made of sev-
eral different materials, including polymeric materials, re-
inforced polymeric materials or other composites, and
other types of materials. The plug’s flexible region 130
may be formed, at least in part, of flexible materials such
as thermoplastic polyurethane (TPU), thermoset elas-
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tomers such as polyurethane or natural rubber, silicone
materials, cast silicone, cast urethanes, epoxies, ther-
moplastic elastomers (TPE), or any other moldable elas-
tomer or other polymeric and/or composite materials with
properties that meet the specifications as described here-
in. In example embodiments, the flexible region 130 may
be formed of one or more materials having a hardness
of about 60-100 Shore A, such as around 80 Shore A for
example. It is further understood that such materials may
be selected for properties such as strength, resilience,
flexibility, bonding capability, compatibility with other ma-
terials, among others. Such materials may be formed in
one of a variety of configurations and/or using a variety
of different forming methods, without departing from the
scope of the invention.
[0039] In example embodiments, the plug 104 may
omit any rigid region 140, such that the entirety or sub-
stantial entirety of the plug 104 may be flexible. In other
example embodiments as described herein, the plug 104
may comprise at least one rigid region 140. In some ex-
ample embodiments, the plug 104 may comprise plural
rigid regions. In general, a rigid region 140 has a flexibility
that is less than the flexibility of the flexible region 130.
In some example embodiments, the rigid region 140 has
a flexibility that is substantially less than the flexibility of
the flexible region 130, or some portion of the flexible
region 130. In some example embodiments, the rigid re-
gion 140 may be an identifiable portion of the length of
the plug 104. To illustrate, as to the example embodiment
shown in FIGS. 1-7, the rigid region 140 extends from
the flexible region 130 to the front of the plug 122. In
another embodiment, the plug 104 may omit any or sub-
stantially any readily identifiable rigid region 140, but
wherein the rigid region, in use, exhibits no, or substan-
tially no, or otherwise insignificant, flexibility, at least rel-
ative to the flex associated with the one or more flexible
regions. The rigid region 140 may have a constant flex-
ibility, or varying flexibility in different portions, in various
example embodiments. In example embodiments, the
plug 104 may have multiple rigid regions 140 with the
same or different flexibilities. For example, FIGS. 19 and
20 show a plug 1904 having a similar structure to the
plug 104 herein described, with an additional rigid region.
The plug 1904 includes a flexible region 1930 that is lo-
cated between a first rigid region 1940a and a second
rigid region 1940b. The first rigid region 1940a in this
example embodiment is located between the housing
1902 and the flexible region 1930 and is connected to
one end of the flexible region 1930. The second rigid
region 1940b in this example embodiment is connected
to an opposite end of the flexible region 1930 and forms
the end of the plug 1904. In example embodiments, the
rigid material of the rigid region 1940a may extend or
penetrate into the flexible region 1930, and/or the flexible
material of the flexible region 1930 may penetrate into
the rigid region 1940a. This extension of rigid region
1940a may provide a structure for the leads 1905 to pass
through in the flexible region 1930. In other example em-

bodiments, the plug 1904 may include additional flexible
or rigid regions throughout, including, e.g., various se-
quences of flexible regions and rigid regions, such as
having selected alternations from the housing to the front
of the plug. As an example, a sequence of flexible regions
and rigid regions may be implemented wherein: starting
adjacent the housing 102, plural rigid regions may be
provided, with each such region in sequence having de-
creasing rigidity; followed by plural flexible regions,
through to the contacts 106, each region in sequence
having increasing flexibility (or, as an alternative, having
such increases, followed by one or more latter regions
having decreasing flexibility); followed by one rigid re-
gion, which region has a fixed, relatively high rigidity (e.g.,
potentially accompanied by a relatively low friction coef-
ficient).
[0040] In example embodiments, the rigid region 140
is formed at least partially of a low friction, high strength
material, such as glass filled polypropylene, acetal ma-
terials, polycarbonates (PC), acrylonitrile butadiene sty-
rene (ABS), and nylon, to allow for easy insertion into a
receptacle. The material of the rigid region 140 may also
be selected to bond with the material of the flexible region
used during the overmolding process that forms plug 104,
as herein described. Such materials may be formed in
one of a variety of configurations and/or using a variety
of different forming methods, without departing from the
scope of the invention. In example embodiments, the rig-
id region 140 may be formed of one or more materials
having a hardness of at least 70 Shore D.
[0041] In example embodiments, the plug 104 includes
a contact carrier 150. In the example embodiment illus-
trated in FIG. 7, the contact carrier 150 is located within
the rigid region 140 and provides rigidity to the rigid region
140. In this example embodiment, a portion of the length
of the rigid region 140 includes at least some of the flex-
ible material of the flexible region 130. However, in this
example embodiment, the rigidity of the contact carrier
150 prevents the rigid region 140 from flexing to the de-
gree of the flexible region 130 as herein described. As
seen in FIGS. 2 and 4, the contact carrier 150 in this
embodiment has a nose 156 that is beveled at the front
of the plug 122. The length and angle of the bevel may
differ without departing from this invention. The beveled
nose 156 helps to ease insertion of the plug 104 into a
receptacle and avoid forces that can cause buckling of
the connector 100, as well as helps prevent damage to
the contacts 106 and the flexible region 130. The contact
carrier 150, as seen in FIGS. 1-3, also has curved sur-
faces on the sides 118, 120 at the front of the plug 122.
In other embodiments, there may also or alternatively be
beveled and/or curved surfaces on the bottom and/or
sides of the front of the plug 122.
[0042] As seen in FIG. 6, the contact carrier 150 may
include a plurality of platforms 152 separated by a plu-
rality of recesses 154 that are recessed with respect to
the platforms 152. In the example embodiment illustrated
in FIG. 6, the contact carrier 150 comprises four platforms
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152 that conform to the length, width and depth of the
contacts 106, such that the contacts 106 will be imple-
mented on the top surface of the plug 114 enabled to
electrically couple with an associated electronic recep-
tacle. In other embodiments, the number of platforms 152
and dimensions of the platforms 152 may be different
without departing from the invention. The contacts 106
may be mounted on, engaged with, and/or otherwise sup-
ported by the platforms 152, as shown in FIGS. 6-7 and
13. Also, the flexible material (as herein described in ref-
erence to the flexible region 130) may at least partially
fill the recesses 154, as shown in FIG. 6. This interlocking
between the flexible material and the contact carrier 150
improves the bonding between the components. In other
embodiments, the contact carrier 150 may have a differ-
ent structure or different dimensions. For example, the
carrier 150 may have platforms 152 that each support
multiple contacts 106, or a single platform or other sur-
face that supports all of the contacts 106.
[0043] In example embodiments, the contact carrier
150 may include a locking component. FIG. 14 shows a
contact carrier 1450 having a locking component 1460
configured to engage a complementary structure in a
non-electronic receptacle 1490. In FIG. 14 the locking
component 1460 includes a notch 1470 in the bottom
surface of the contact carrier 1450. When electronic con-
nector 1400 is inserted into the non-electronic receptacle
1490, the notch 1470 engages a complementary struc-
ture 1480 in the receptacle 1490, whereby the connector
1400 may be removably retained in such receptacle
1490. In the example embodiment depicted in FIG. 14,
the connector 1400 is removable from the receptacle
1490, e.g., by pulling with sufficient force. In example
embodiments, the locking structure on the receptacle
1490 and/or the connector 1400 may include a moving
component that can be mechanically actuated to release
(and/or effect) the engagement. It is understood that oth-
er types of receptacles, including electronic receptacles,
may include structure for engaging the locking compo-
nent 1460 of the plug 104.
[0044] In example embodiments, as shown in FIGS.
29 and 30, the contact carrier 150 may be partially en-
closed by a shell 180. It is understood that e.g., where
the USB type is USB2.0, the USB2.0 technology stand-
ard prescribes configurations as to the metal shell en-
closing the plug. In example embodiments, a partial shell
180 encloses at least a portion of the contact carrier 150
and is configured to prevent incorrect insertion of the plug
104 into a receptacle. For example, in FIGS. 29-30, the
plug 104 has a metal shell 180 contacting the underside
and sides of the contact carrier 150, with metal exten-
sions 181 extending above the top of the contact carrier
150. The metal extensions 181 of the shell 180 may strike
or abut portions of the receptacle during attempted in-
correct insertion of the plug 104, thereby preventing in-
correct insertion of the plug 104. The metal extensions
181 and the shell 180 generally will enhance ease of
insertion due to the low coefficient of friction of the me-

tallic material, while also resisting wear and tear.
[0045] The plug 104 as shown in FIGS. 1-8 and other
embodiments herein includes a beam 132 that extends
from the housing 102 to the contacts 106 and/or to the
contact carrier 150 and/or to the plug’s front. In example
embodiments, the beam 132 at least partially embeds
the leads 105. The beam 132 may provide the plug’s
shape, e.g., from the housing 102 to the contacts 106
and/or contact carrier 150 and/or the plug’s front. In the
embodiment illustrated in FIG. 7, the beam 132 has a
thickness that is the same, or substantially the same, as
the maximum thickness of the plug Tp, over at least a
portion of the length of the plug Lp. In example embodi-
ments, the beam 132 may have a variable thickness
and/or other structural features. For example, as shown
in FIGS. 21-24, the beam 132 has a thickness Tb that is
less than the thickness of the plug Tp. The width of the
beam Wb may also be less than the maximum width of
the plug Wp, as seen in FIG. 23. The thickness Tb and/or
the width Wb of the beam 132 may also be tapered, as
seen in FIG. 25 and 26. The example embodiment of
FIGS. 25 and 26 illustrates the top, bottom, and side sur-
faces of the beam 132 being angled inwardly to create
the tapered thickness Tb and width Wb. In other embod-
iments, some of these surfaces may be straight (parallel
to the centerline of the beam 132), and one or more of
the surfaces may be angled to create a tapered thickness
Tb and/or width Wb. In further embodiments, the tapered
beam 132 may have a circular, elliptical or other curved
cross-section, with a conical or curvilinear taper. In fur-
ther embodiments, the tapered beam 132 may have var-
ying cross-sections along the length of the beam 132,
which cross-sections may include various sequences,
transitions, or combinations of rectangles, ellipses, cir-
cles, and/or other shapes, with tapers variously provided
among any such cross-sections.
[0046] In example embodiments, the beam 132 may
be formed with joints 136, as seen in FIG. 28. The joints
136 in FIG. 28 are formed by recesses or reduced thick-
ness portions of the beam 132, although other embodi-
ments may include joints formed by different structure.
Joints 136 may increase the flexibility of the beam 132.
Joints may improve the beam’s ability to resist substantial
permanent deformation. It is understood that the joints
136 being formed by recesses in the top and bottom sur-
faces of the beam 132 increases the vertical flexibility of
the beam 132. In other embodiments, the beam 132 may
additionally or alternately include joints 136 in other sur-
faces, and/or among, across or otherwise involving plural
surfaces, and/or in other configurations, which may in-
crease the flexibility of the beam 132 in other directions,
including horizontally, diagonally, and/or rotationally. In
example embodiments, it is understood that the beams
132 as illustrated in FIGS. 25-28 may be surrounded by
additional structure 134, such as a shell or coating of
another material, including a material that has greater or
less flexibility than the material of the flexible region 130
as herein described (e.g., such that the plug’s cross-sec-
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tion may be provided by the combination of the beam
and such covering material), or may be uncovered. Struc-
ture 134 may be a part of the flexible region 130, having
the same or different flexibility of beam 132. Alternatively,
structure 134 may be a part of the rigid region 140 (e.g.,
where the USB type is USB2.0, the USB2.0 technology
standard prescribes configurations as to the material of
the plug). In example embodiments, the beam 132 may
form or otherwise provide one or more flexible region(s)
130 of the plug 104. In example embodiments, the beam
132 may form or otherwise provide one or more rigid
region(s) 140 of the plug 104. In example embodiments,
the flexible portion 130 and the leads 105 together form
the entire thickness of the beam 132 over at least a por-
tion of the length of the beam, which permits the beam
132 to flex at least at the flexible portion 130, e.g., in FIG.
7.
[0047] In the embodiment shown in FIGS. 1-7, the
leads 105 are embedded within and extend through the
flexible region 130 and connect to the contacts 106. As
illustrated in FIG. 5, the leads 105 are positioned gener-
ally along the central/neutral axis of the plug 104. It is
understood that in other embodiments, the leads 105
may be positioned along different axes and not along the
central/neutral axis of the plug 104. The positions of the
leads 105 may influence the flexibility of the flexible por-
tion 130 and/or the amount of stress acting on the leads
105 during flexing. Additionally, the length of the leads
105 may change respectively with the length of the con-
tacts 106. The contacts 106 are shaped and arranged in
a specific pattern, such as to engage other contacts that
have a specified pattern. For example, the contacts 106
in FIGS. 1-7 are shaped and arranged to engage the
contacts of a USB receptacle. However, the contacts 106
may be shaped and arranged in other patterns without
departing from this invention, such as if a different type
of connection is desired. Any desired contacts and/or
electrical coupling structure may be used without depart-
ing from this invention, including conventional contacts
and/or electrical coupling structures as are known and
used in the art. The leads 105 and contacts 106 may be
made of a resilient metal or other conductive material
having low electrical resistance / high conductivity and
capable of multiple flexures without substantial perma-
nent deformation or breakage that may disrupt the oper-
ation of the leads 105 or contacts 106. Examples of such
materials include, hardened stainless steel (e.g., Full
Hard Stainless Steel 302/304), spring tempered steel
(e.g., Blue Temper 1095 spring steel), or beryllium cop-
per. In example embodiments wherein combinations of
metals are employed, e.g., as alloys or otherwise, the
combinations may be so employed so as to achieve var-
ious performance requirements, targets, or other goals.
Such goals may include, alone or in combination, e.g.,
optimizing corrosion resistance, obtaining a selected
flexibility, obtaining a selected resilience, and/or provid-
ing a selected electrical conductivity/resistance. The
leads 105 and/or contacts 106 may also have a coating

such as gold or nickel to achieve various performance
requirements, targets, or other goals, as herein de-
scribed. An example embodiment of a method for fabri-
cating an electronic connector 100 using overmolding
techniques is illustrated in FIGS. 9-13. The housing 102
and the contact carrier 150 are separately manufactured
to include various selected structural features. Such se-
lected structural features may include one or more of
those herein described, including, for example, an open-
ing 103 in the housing 102 and the nose 156, platforms
152 and recesses 154 of the contact carrier 150. In ex-
ample embodiments, the contact carrier 150 is molded,
e.g., injection molded. The contact carrier 150 may be
manufactured using different techniques in other embod-
iments, such as, e.g., machining. The metal intercon-
nects (having integrated leads 105 and contacts 106) are
formed of one or more respective conductive members,
such as by stamping, machining welding or other con-
struction technique.
[0048] During fabrication, as seen in FIG. 10, the hous-
ing 102, the interconnects (as to leads 105 and contacts
106), and the contact carrier 150 are placed in their re-
spective locations within an overmold tool. The leads 105
are inserted into the housing 102 such that they extend
from the opening 103, toward contact carrier 150. The
opening 103 provides access to the interior 90 of the
housing 102. In some example embodiments, the open-
ing 103 may be rectangular (or generally rectangular) in
shape; in other example embodiments, the opening 103
may be shaped or configured other than rectangular, e.g.,
circular, elliptical, triangular, hexagonal, etc. In some ex-
ample embodiments, in this fabrication of the electronic
connector, or in some other fabrication, the leads 105
may be electrically coupled to one or more electronic
components, which components may be disposed in the
housing’s interior 90 or otherwise associated with the
connector’s electronic device. The contacts 106 are
placed in engagement with respective platforms 152 of
the contact carrier 150, so as to become mounted on
such platforms 152 via the over-molding process. In ex-
amples of fabrication, the contacts 106 may be engaged
and held in place with the contact carrier 150, such as
by a bonding material or an engaging structure on the
carrier 150, so that the contacts 106 do not move out of
position during the over-molding process.
[0049] The overmold tool is used to hold the housing
102, the interconnects (as to leads 105 and contacts
106), and the contact carrier 150 in their respective po-
sitions during the overmolding process. To illustrate with
reference to FIG. 11, the housing 102, the leads 105, the
contacts 106, and the contact carrier 150 are held in their
respective positions, while a flexible polymer material is
injection molded, filling the spaces around the housing
102, the leads 105, the contacts 106, and the contact
carrier 150. The over-mold flexible polymer material
forms a beam 132 that connects the contact carrier 150
to the housing 102. The combination of the flexible ma-
terial, the leads 105, the contacts 106, and the contact
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carrier 150 forms a flexible plug 104 that extends from
the housing 102. The over-mold flexible polymer material
may also hold all of the foregoing components together,
including the housing 102, the leads 105, the contacts
106, and the contact carrier 150. In example embodi-
ments, such as the example embodiment depicted in
FIG. 6, the over-mold flexible polymer material fills in the
recesses 154 of the contact carrier 150 which enhances
bonding as herein described. Additionally, the flexible
polymer material may penetrate between the rearmost
end of the contact carrier 150 (i.e. the leftmost end in
FIG. 7) and the leads 105, such that the downward bend
105a of the leads 105 is spaced from the rear edge of
the contact carrier 150 in one embodiment. This config-
uration may reduce forces on the contact carrier 150 and
the contacts 106 and/or leads 105 during flexing of the
plug 104, by absorbing and/or dissipating compressive
forces that may be exerted on the flexible region 130 by
the rear edge of the contact carrier 150 during flexing. In
example embodiments, such as the embodiment depict-
ed in FIG. 12, the over-mold flexible polymer material
extends or penetrates into the opening 103, which may
enhance bonding, e.g., between the plug 104 and the
housing 102. Additionally, in example embodiments, the
over-mold flexible polymer material may create a water
tight seal between the housing 102 and the plug 104.
[0050] As seen in FIGS. 12 and 13, the plug 104 re-
sulting from this manufacturing process has (i) a flexible
region 130 formed by the flexible polymer over-mold ma-
terial and (ii) a rigid region 140 formed at least partially
by the contact carrier 150, as herein described. The over-
mold process leaves the contacts 106 exposed. Other
overmolding techniques and other types of techniques,
may be utilized to form the plug 104 in the configuration
illustrated, as well as other configurations, in other em-
bodiments. For example, in an alternate example em-
bodiment, the flexible material may be formed by a cast-
ing or potting process, which may be done at room tem-
perature. In other example fabrications, the housing 102
and plug 104 may be connected other than via overmo-
lding the housing 102, leads 105, contacts 106 and con-
tact carrier 150. As examples, the housing 102 and the
plug 104 may be separately constructed and, thereafter,
connected, e.g., via use of fasteners, via use of adhesives
or other bonding materials, via welding (e.g., ultrasonic
welding). In still other example fabrications, the plug 104
and housing 102 may be integrally formed via overmo-
lding the interconnect, the interconnect thereby providing
leads 105 and contacts 106. In other example fabrica-
tions, the plug 104 and housing 102 may be integrally
formed via machining or molding, with leads and contact
being provided thereafter (e.g., via insertion of intercon-
nect into predetermined channels, or via deposition tech-
niques of otherwise, or via some combination of these
techniques, with or without other techniques). In other
example embodiments, the beam 132 and contact carrier
150 may be integrally formed together, and structure 134
thereafter formed via overmolding the structure 134 to

the beam 132 and contact carrier 150.
[0051] Various electrical devices may incorporate var-
ious embodiments of the electronic connector 100. For
example, FIG. 15 illustrates an embodiment of an elec-
tronic connector 1500 (as herein described) used in con-
nection with a computerized athletic performance moni-
toring device 1501, which device 1501 includes housing
1502, and where the connector 1500 is configured for
insertion into a USB receptacle. In this example embod-
iment, during physical activity, the connector 1500 is en-
gaged by a non-electronic receptacle 1590, i.e., so as to
retain the device 1501 on the user’s arm. Thus, the con-
nector 1500 in this example embodiment may benefit
from flexibility in certain directions so as to provide easier
insertion and better fit into the receptacle 1590 and also
to better absorb anticipated and consequential forces en-
countered in active/athletic use. Examples of an athletic
performance monitoring device as shown in FIG. 15,
used in connection with an electronic connector are de-
scribed in U.S. Patent Application Serial No. 13/287,047,
filed November 1, 2011, and published as U.S. Patent
Application Publication No. 2012/0253485, which is in-
corporated by reference herein and made part hereof.
[0052] FIG. 16 illustrates an embodiment of an elec-
tronic connector 1600 as herein described used in con-
nection with an electronic watch 1601 that includes hous-
ing 1602 having a controller 1620 and a user interface
1630 with a plurality of user inputs operably associated
with the controller. The watch 1601 includes a receptacle
1690 that receives the connector 1600 during use of the
watch, which receptacle 1690 may be either an electronic
or non-electronic receptacle. The plug 1604 may be fur-
ther configured for being disconnected and plugged into
a USB receptacle of a separate apparatus, e.g., a com-
puter, such as for data upload/download. The watch 1601
may also include athletic performance monitoring capa-
bility, and may include various electronic components to
enable that capability. Thus, the connector 1600 in this
example embodiment may also benefit from flexibility to
provide easier insertion and better fit into the receptacle
1690 and to better absorb forces encountered in ac-
tive/athletic use. Examples of a watch having a controller
and a user interface and a plurality of user inputs operably
associated with the controller used in connection with an
electronic connector, as shown in FIG. 16, are described
in U.S. Patent Application Serial No. 12/767,288, filed
April 26, 2010, and published as U.S. Patent Application
Publication No. 2011/0003665, which is incorporated by
reference herein and made part hereof.
[0053] FIGS. 17 and 18 illustrate additional embodi-
ments. FIG. 17 illustrates an embodiment of an electronic
connector 1700 as herein described used in connection
with a portable memory storage (e.g. USB thumb drive)
device 1701 that includes a housing 1702. The connector
1700 in FIG. 17 is configured to be received in a USB
port. FIG. 18 illustrates an embodiment of an electronic
connector 1800 as herein described used in connection
with a connection (e.g., USB) cable 1801 that includes a
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housing 1802. The electronic connector 1800 is config-
ured to be received in a USB port. Although not shown
in FIG. 18, the connection cable 1801 in this example
embodiment may be attached to a variety of apparatuses,
via a receptacle of each respective apparatus, such ap-
paratuses including, e.g., computer peripherals(such as
keyboards, mice, and displays),digital cameras, printers,
portable media players, storage units (e.g., disk drives),
smartphones, PDAs, and video game consoles, among
other apparatuses, and may be used to connect such
apparatuses to other apparatuses, devices and/or power
sources. The memory drive 1701 and the connection ca-
ble 1801 may benefit from the increased flexibility pro-
vided by the connectors 1700, 1800, to create a wider
range of applications and uses. Still other uses and ap-
plications of the electronic connector 100 are contem-
plated within the scope of the invention and are recog-
nizable to those skilled in the art.
[0054] Several different embodiments have been here-
in described, including the example embodiments shown
in FIGS. 1-18. It is understood that any of the features of
these various embodiments may be combined and/or in-
terchanged. For example, in the embodiments herein de-
scribed and shown in FIGS. 15-18, the plug 104 may
remain straight or partially flexed during use as herein
described with respect to FIGS. 5 and 8. Additionally, the
electronic connectors in the example embodiments here-
in described and shown in FIGS. 8 and 15-18 may have
any other configuration or variation herein described with
respect to FIGS. 1-7, 9 ,13 and 14. Further, all of the
embodiments illustrated in FIGS. 1-18 contain contacts
106 on the top of the plug 114. However, in other em-
bodiments, the bottom 116, the sides 118, 120, and/or
the front of the plug 122 may additionally or alternatively
contain contacts 106 with similar structure and function
to those described herein. In example embodiments, one
or more of the contacts 106 may not extend along a linear
path and may be curvilinear.
[0055] The electronic connectors and plugs as de-
scribed herein provide many benefits and advantages
over existing products. For example, the flexible region
130 allows for insertion of the plug 104 when the recep-
tacle’s access is in any way constrained (e.g., neutral
axis of the plug is offset from the neutral axis of the re-
ceptacle). Also, flexible region 130 allows for the plug’s
insertion into a receptacle (electronic or non-electronic)
that may have a non-linear internal configuration. There-
fore, this provides greater possible applications of elec-
tronic connectors in electronic devices that may require
differently shaped, sized, and/or oriented electronic con-
nectors. As one example, the flexible region 130 provides
flexing of the plug 104 to better match the shape, size,
orientation, and/or conditions of use of certain electronic
devices and/or certain parts of such devices. One such
configuration is shown in FIG. 15, in which the device is
used in athletic activity monitoring, and wherein the plug
provides not only for electronic coupling with an electron-
ic receptacle, but also provides a locking engagement

during the device’s use. In such a configuration, a flexible
plug may present some benefits over the use of a rigid
straight plug, such as providing easier insertion and bet-
ter fit into the receptacle and better absorbing anticipated
and consequential forces encountered in active/athletic
use. As another example, the size and shape of the flex-
ible region 130 can be customized to correspond to par-
ticular receptacles. As a further example, the size and
shape of the flexible region 130 can be designed to im-
prove the performance of the electronic connector, such
as by improving the durability of the connector by helping
absorb external forces and impacts near or around the
area of connection. Such impacts may often occur with
certain electrical devices, and a flexible plug can often
absorb such impacts better than a rigid straight plug. The
flexible region 130 may also improve the aesthetics of
an electronic device by eliminating the design constraints
associated with a rigid electronic connector. Further ben-
efits and advantages are recognized by those skilled in
the art.
[0056] While the invention has been described with re-
spect to specific examples including presently preferred
modes of carrying out the invention, those skilled in the
art will appreciate that there are numerous variations and
permutations of the above described systems and meth-
ods. Thus, the spirit and scope of the invention should
be construed broadly as set forth in the appended claims.
[0057] For the avoidance of doubt, the present appli-
cation extends to the subject-matter described in the fol-
lowing numbered paragraphs (referred to as "Para" or
"Paras"):"

1. An electronic connector, the electronic connector
being configured for removable insertion into an
electronic receptacle, comprising:

a housing; and
a plug extending from the housing,
the plug including a flexible region wherein the
flexible region is configured to provide flexing of
the plug up to an angle of at least +/- 10 degrees
from a natural state.

2. An electronic connector as claimed in Para 1,
wherein the flexible region is configured to provide
flexing of the plug up to an angle of at least +/- 30
degrees from the natural state.
3. An electronic connector as claimed in Para 1,
wherein the flexible region is configured to provide
flexing of the plug up to an angle of at least +/- 60
degrees from the natural state.
4. An electronic connector as claimed in Para 1,
wherein the flexible region is configured to provide
flexing of the plug up to an angle of at least +/- 90
degrees from the natural state.
5. An electronic connector as claimed in Para 1,
wherein the plug includes a rigid region in associa-
tion with the flexible region..
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6. An electronic connector as claimed in Para 5,
wherein the flexible region comprises a flexible beam
and the rigid region comprises a contact carrier, the
flexible beam extending between the housing and
the contact carrier.
7. An electronic connector as claimed in Para 6, fur-
ther comprising one or more leads, at least one of
such leads being at least partially embedded within
the flexible beam.
8. An electronic connector as claimed in Para 5,
wherein the plug is further configured for insertion
into a non-electronic receptacle having a curved in-
sertion path.
9. An electronic connector as claimed in Para 5,
wherein the flexible region is formed of one or more
materials having a hardness of between 60-100
Shore A.
10. An electronic connector as claimed in Para 5,
wherein the rigid region is formed of one or more
materials having a hardness of at least 70 Shore D.
11. An electronic connector as claimed in Para 6,
wherein the contact carrier comprises a plurality of
platforms separated by a plurality of recesses that
are recessed with respect to the platforms, and
wherein the plug further comprises a flexible material
forming the flexible region, and the flexible material
at least partially fills the recesses.
12. An electronic device comprising:

a housing;
a printed circuit board at least partially within the
housing;
a plurality of leads in communication with the
printed circuit board and extending from the
housing; and
a connector comprising:

a plug connected to the housing and extend-
ing from the housing and having a plurality
of exposed contacts connected to the leads,
wherein the plug is configured for insertion
into a receptacle to place the contacts in
communication with the receptacle and en-
able electronic communication between the
plug and the receptacle;
wherein the plug comprises a flexible region
and a rigid region, wherein the flexible re-
gion is configured to provide flexing of the
plug up to an angle of at least +/- 10 degrees
from a natural state.

13. An electronic device claimed in Para 12, wherein
the electronic device is a flash memory drive.
14. An electronic device claimed in Para 12, wherein
the electronic device is a USB plug.
15. An electronic device claimed in Para 12, wherein
the electronic device is an athletic performance mon-
itoring device.

16. An electronic device claimed in Para 12, wherein
the electronic device is a watch having a controller
and a user interface and a plurality of user inputs
operably associated with the controller.
17. An electronic device claimed in Para 12, wherein
the flexible region is configured to provide flexing of
the plug up to an angle of at least +/- 30 degrees
from the natural state.
18. An electronic device claimed in Para 12, wherein
the flexible region is configured to provide flexing of
the plug up to an angle of at least +/- 60 degrees
from the natural state.
19. An electronic device claimed in Para 12, wherein
the flexible region is configured to provide flexing of
the plug up to an angle of at least +/- 90 degrees
from the natural state.
20. An electronic device claimed in Para 12, wherein
the rigid region comprises a contact carrier connect-
ed to the flexible region and extending from the flex-
ible region, wherein the contacts are at least partially
mounted on the contact carrier.
21. An electronic device claimed in Para 20, wherein
the flexible region comprises a beam connected to
the housing and the contact carrier and extending
between the housing and the contact carrier.
22. An electronic device claimed in Para 21, wherein
the leads are at least partially embedded within the
beam.
23. An electronic device claimed in Para 12, wherein
the electronic device further includes a non-electron-
ic receptacle, wherein the plug is configured to be
removably received within the non-electronic recep-
tacle.
24. An electronic device claimed in Para 12, wherein
the flexible region is formed of one or more materials
having a hardness of between 60-100 Shore A.
25. A method for manufacturing an electronic con-
nector comprising:

assembling a housing, a plurality of conductive
members, and a contact carrier, such that the
conductive members extend from the housing
and are engaged with the contact carrier;
molding a flexible polymer material around the
conductive members and the contact carrier to
connect the contact carrier to the housing and
to form a plug extending from the housing, the
plug comprising a flexible region including the
flexible polymer material and a rigid region in-
cluding the contact carrier;
wherein the conductive members have exposed
portions forming contacts on an outer surface of
the plug to form contacts on the outer surface
and embedded portions forming leads extend-
ing from the contacts to the housing through the
flexible polymer material, and wherein the plug
is configured for insertion into a receptacle to
place the contacts in communication with the

21 22 



EP 2 779 329 A1

13

5

10

15

20

25

30

35

40

45

50

55

receptacle and enable electronic coupling be-
tween the plug and the receptacle.

26. A method for manufacturing an electronic con-
nector as claimed in Para 25, wherein the flexible
polymer material connects the housing and the con-
tact carrier and extends between the housing and
the contact carrier.
27. A method for manufacturing an electronic con-
nector as claimed in Para 25, wherein the contact
carrier comprises a plurality of platforms separated
by a plurality of recesses that are recessed with re-
spect to the platforms, wherein the contacts are en-
gaged with the platforms, and wherein the flexible
polymer material at least partially fills the recesses.

Claims

1. An electronic connector, the electronic connector be-
ing configured for removable insertion into an elec-
tronic receptacle, comprising:

a housing; and
a plug extending from the housing,
the plug including a flexible region wherein the
flexible region is configured to provide flexing of
the plug up to an angle of at least +/- 10 degrees
from a natural state.

2. An electronic connector as claimed in claim 1, where-
in the flexible region is configured to provide flexing
of the plug up to an angle of at least +/- 30 degrees
from the natural state , or wherein the flexible region
is configured to provide flexing of the plug up to an
angle of at least +/- 60 degrees from the natural state,
or wherein the flexible region is configured to provide
flexing of the plug up to an angle of at least +/- 90
degrees from the natural state.

3. An electronic connector as claimed in claim 1 or 2,
wherein the plug includes a rigid region in associa-
tion with the flexible region..

4. An electronic connector as claimed in claim 3, where-
in the flexible region comprises a flexible beam and
the rigid region comprises a contact carrier, the flex-
ible beam extending between the housing and the
contact carrier.

5. An electronic connector as claimed in claim 4, further
comprising one or more leads, at least one of such
leads being at least partially embedded within the
flexible beam.

6. An electronic connector as claimed in any preceding
claim, wherein the plug is further configured for in-
sertion into a non-electronic receptacle having a

curved insertion path.

7. An electronic connector as claimed in any preceding
claim, wherein the flexible region is formed of one or
more materials having a hardness of between
60-100 Shore A.

8. An electronic connector as claimed in any preceding
claim, wherein the rigid region is formed of one or
more materials having a hardness of at least 70
Shore D.

9. An electronic connector as claimed in claim 4 or 5,
or any of claims 6-8 when appended to claim 4 or 5,
wherein the contact carrier comprises a plurality of
platforms separated by a plurality of recesses that
are recessed with respect to the platforms, and
wherein the plug further comprises a flexible material
forming the flexible region, and the flexible material
at least partially fills the recesses.

10. An electronic device comprising:

a housing;
a printed circuit board at least partially within the
housing;
a plurality of leads in communication with the
printed circuit board and extending from the
housing; and
an electronic connector in accordance with any
preceding claim, wherein the plug has a plurality
of exposed contacts connected to the leads,
wherein the plug is configured for insertion into
a receptacle to place the contacts in communi-
cation with the receptacle and enable electronic
communication between the plug and the recep-
tacle; and wherein the plug further comprises a
rigid region.

11. An electronic device claimed in claim 10, wherein
the electronic device is a flash memory drive and/or
wherein the electronic device is a USB plug and/or
wherein the electronic device is an athletic perform-
ance monitoring device and/or wherein the electron-
ic device is a watch having a controller and a user
interface and a plurality of user inputs operably as-
sociated with the controller.

12. An electronic device claimed in claim 10 or 11,
wherein the electronic device further includes a non-
electronic receptacle, wherein the plug is configured
to be removably received within the non-electronic
receptacle.

13. A method for manufacturing an electronic connector
comprising:

assembling a housing, a plurality of conductive
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members, and a contact carrier, such that the
conductive members extend from the housing
and are engaged with the contact carrier;
molding a flexible polymer material around the
conductive members and the contact carrier to
connect the contact carrier to the housing and
to form a plug extending from the housing, the
plug comprising a flexible region including the
flexible polymer material and a rigid region in-
cluding the contact carrier;
wherein the conductive members have exposed
portions forming contacts on an outer surface of
the plug to form contacts on the outer surface
and embedded portions forming leads extend-
ing from the contacts to the housing through the
flexible polymer material, and wherein the plug
is configured for insertion into a receptacle to
place the contacts in communication with the
receptacle and enable electronic coupling be-
tween the plug and the receptacle.

14. A method for manufacturing an electronic connector
as claimed in claim 13, wherein the flexible polymer
material connects the housing and the contact carrier
and extends between the housing and the contact
carrier.

15. A method for manufacturing an electronic connector
as claimed in claim 13 or 14, wherein the contact
carrier comprises a plurality of platforms separated
by a plurality of recesses that are recessed with re-
spect to the platforms, wherein the contacts are en-
gaged with the platforms, and wherein the flexible
polymer material at least partially fills the recesses.

25 26 



EP 2 779 329 A1

15



EP 2 779 329 A1

16



EP 2 779 329 A1

17



EP 2 779 329 A1

18



EP 2 779 329 A1

19



EP 2 779 329 A1

20



EP 2 779 329 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 2 779 329 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 2 779 329 A1

23

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 84112213 A [0001]
• US 28704711 A [0051]
• US 20120253485 A [0051]

• US 76728810 A [0052]
• US 20110003665 A [0052]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

