US 20180345023A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2018/0345023 Al

Shah et al.

43) Pub. Date: Dec. 6, 2018

(54)

(71)

(72)

(73)

1)
(22)

(60)

HYBRID IMPLANTABLE CONNECTORS

Applicant: Verily Life Sciences LL.C, South San
Francisco, CA (US)

Inventors: Kedar Shah, San Francisco, CA (US);
Shivkumar Sabesan, San Mateo, CA
(US); Brian Pepin, San Francisco, CA
(US); Jared Floyd, Ferndale, WA (US)

Assignee: Verily Life Sciences LLC, South San
Francisco, CA (US)

Appl. No.: 15/995,933
Filed: Jun. 1, 2018

Related U.S. Application Data

Provisional application No. 62/514,190, filed on Jun.
2, 2017.

100 112\
118

Publication Classification

(51) Int. CL
AGIN 1/372 (2006.01)
AGIB 5/00 (2006.01)
(52) US.CL
CPC .. AGIN 1/372 (2013.01); A6IN 1/05
(2013.01); A61B 5/0031 (2013.01)
(57) ABSTRACT

A hybrid connector for connecting a bulk conductor to a
planar strand of a flexible circuit is described. The hybrid
connector can include a connector body, a first connector
end, and a second connector end. The first connector end can
be attached to the connector body and can define a first
opening having a first cross-sectional shape that corresponds
to a first distal end of the strand. The second connector end
can be attached to the connector body opposite the first
connector end and can define a second opening having a
second cross-sectional shape that corresponds to a second
distal end of the bulk conductor.

(1068 4085~ \ 11631Vr12°a
118 M N/~
106 O\ 116by 200N~
J A (N W g
/N N X AN 114b
L\I /l1
A0 yggS N\ Hbey (120 =
102 /Il\ NX SN 4c
— 118d —"1
060 4535~ N\ 00) JE\T
L\ A




Patent Application Publication  Dec. 6,2018 Sheet 1 of 9 US 2018/0345023 A1

-

106¢ 108¢ _\ 11166} r1200 AN
S e

1060 o o0\ 116d) 120

[ 1k
110 118}@’4‘. =~ 104
/ /e g\ 11y NS
s 114
K[
[

NS =

FIG. 3 2243\ - 2265 / 224b [206

v AV AY 1

, /5 S
216J \
208




Patent Application Publication

Dec. 6,2018 Sheet 2 of 9

US 2018/0345023 A1

400

/ 424

Y4

FIG. 5
424a 126
416\ \ (B
Z‘/\/ i /)j >\ [v4 \/ \/ Z ;
L426b

\406



Patent Application Publication  Dec. 6,2018 Sheet 3 of 9 US 2018/0345023 A1

616 FIG. 6

618

606

FIG.7 /600
608
624a 624b
\ 628 \ 632 / 606

/618 7T
b

(S g //J 83322753
6262 6260




Patent Application Publication  Dec. 6,2018 Sheet 4 of 9 US 2018/0345023 A1




Patent Application Publication  Dec. 6,2018 Sheet 5 of 9 US 2018/0345023 A1

FIG. 10
1018 /1000
N> N
. N 1028
' 1024a IR /
Lo
SO 1030
- - N

1008
/ \\\ \
| -

N 1006
\




Patent Application Publication  Dec. 6, 2018 Sheet 6 of 9 US 2018/0345023 A1

1200 A

7220 2L 7T 77777
K== A A
11216 12262/ ) L
1234 1222



Patent Application Publication  Dec. 6,2018 Sheet 7 of 9 US 2018/0345023 A1

T 1424b




Patent Application Publication  Dec. 6,2018 Sheet 8 of 9 US 2018/0345023 A1

FlG. 17 1640

}‘/r1600

1616 1606
[ [ZF f

1626b / 1608

H
\1522 \1624b

1800
e ya

1846
4 ~ 7 ] 009
1305) L\1846b

J
1816f 1818J
1808

V'l

<



Patent Application Publication  Dec. 6,2018 Sheet 9 of 9 US 2018/0345023 A1

1916
FIG. 19 \

2000
FIG. 20 /

2002
Place a conducfive planar region of a planar strand of a flexible circuit /
into a first opening of a connector

+ f 2004
Place an end of a bulk conductor into a second opening of the connector

!

2006
Deform the connector to form an electrical connection between the /
conductive planar region and the bulk conductor

2100
FIG. 21 /

2102
Align a set of openings formed in a conductive planar region of a /
planar strand of a flexible circuit with a set of tabs of a connector

* / 2104
Place an end of a bulk conductor into an opening of the connector

!

2106
Deform the connector to form an electrical connection between the f
conductive planar region and the bulk conductor




US 2018/0345023 A1

HYBRID IMPLANTABLE CONNECTORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Provi-
sional Application No. 62/514,190, filed on Jun. 2, 2017, and
entitled “Hybrid Implantable Connectors,” the entirety of
which is hereby incorporated by reference herein.

BACKGROUND

[0002] Implantable medical devices can be used for moni-
toring (e.g., ongoing glucose monitoring) and for stimula-
tion (e.g., to regulate the beating of a heart). An example
device can include an electronics package connected to one
or more leads via a connector. The one or more leads can be
placed at a target location for monitoring or stimulation. In
a monitoring scenario, the leads gather information from the
target location and the electronics package processes the
information. In a stimulation scenario, the electronics pack-
age generates electrical signals that are delivered to the
target location via the leads.

SUMMARY

[0003] Various examples are described relating to hybrid
connectors, connection systems including hybrid connec-
tors, and methods for forming connections using hybrid
connectors.

[0004] In an example, a system is described. The system
includes a connector defining a cavity and a flexible circuit.
A first opening is formed at a first end of the connector and
a second opening is formed at a second end of the connector.
The first opening defines a first connector cross-sectional
shape. The flexible circuit defines a neural interface and
includes an elongate planar strand. The elongate planar
strand includes a conductive region disposed at a distal end
of the elongate planar strand. The distal end includes a strand
cross-sectional shape. A portion of the conductive region of
the elongate planar strand is disposed within the first open-
ing.

[0005] In another example, a hybrid connector is
described. The hybrid connector includes a connector body,
a first connector end attached to the connector body, and a
second connector end attached to the connector body oppo-
site the first connector end. The first connector defines a first
opening defining a first cross-sectional shape that corre-
sponds to a first distal end of a planar flexible circuit. The
second connector end defines a second opening defining a
second cross-sectional shape that corresponds to a second
distal end of a bulk conductor.

[0006] In yet another example, a hybrid connector is
described. The hybrid connector includes a connector body,
a first connector end attached to the connector body, and a
second connector end attached to the connector body oppo-
site the first connector end. The first connector end includes
a set of raised tabs corresponding to a set of openings formed
in a distal region of a planar flexible circuit. The second
connector end defines an opening defining a cross-sectional
shape that corresponds to a distal end of a bulk conductor.
[0007] In yet another example, a system is described. The
system includes a neural interface comprising an elongate
planar strand. The elongate planar strand includes a conduc-
tive region disposed at a first distal end of the elongate
planar strand. The first distal end includes a first cross-
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sectional shape. The system also includes a bulk conductor
including a second distal end that includes a second cross-
sectional shape. The system also includes a connector dis-
posed between the elongate planar strand and the bulk
conductor. The connector includes a first end in which is
formed a first opening corresponding to the first cross-
sectional shape. The first distal end is held within the first
opening. The connector also includes a second end in which
is formed a second opening corresponding to the second
cross-sectional shape. The second distal end is held within
the second opening. An electrical connection is formed
between the conductive region and the bulk conductor via
the connector.

[0008] Inyet another example, a method is described. The
method includes placing a conductive planar region of a
planar strand of a flexible circuit into a first opening of a
connector. The method also includes placing an end of a bulk
conductor into a second opening of the connector. The
method also includes deforming the connector to form an
electrical connection between the conductive planar region
and the bulk conductor.

[0009] Inyet another example, a method is described. The
method includes aligning a set of openings formed in a
conductive planar region of a planar strand of a flexible
circuit with a set of tabs of a connector. The set of tabs is
disposed at a first end of the connector. The method includes
placing an end of a bulk conductor into an opening of the
connector. The opening is disposed at a second end of the
connector. The method also includes deforming the connec-
tor to form an electrical connection between the conductive
planar region and the bulk conductor.

[0010] These illustrative examples are mentioned not to
limit or define the scope of this disclosure, but rather to
provide examples to aid understanding thereof. Illustrative
examples are discussed in the Detailed Description, which
provides further description. Advantages offered by various
examples may be further understood by examining this
specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorpo-
rated into and constitute a part of this specification, illustrate
one or more certain examples and, together with the descrip-
tion of the example, serve to explain the principles and
implementations of the certain examples.

[0012] FIG. 1 illustrates a top view of a neurostimulation
system including example connection systems, according to
at least one example.

[0013] FIG. 2 illustrates an exploded view of an example
connection system including a hybrid connector, according
to at least one example.

[0014] FIG. 3 illustrates a profile view of the connection
system of FIG. 2, according to at least one example.
[0015] FIG. 4 illustrates an exploded view of an example
connection system including a hybrid connector, according
to at least one example.

[0016] FIG. 5 illustrates a profile view of the connection
system of FIG. 4, according to at least one example.
[0017] FIG. 6 illustrates an exploded view of an example
connection system including a hybrid connector, according
to at least one example.

[0018] FIG. 7 illustrates a profile view of the connection
system of FIG. 6, according to at least one example.
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[0019] FIG. 8 illustrates an exploded view of an example
connection system including a hybrid connector, according
to at least one example.

[0020] FIG. 9 illustrates a profile view of the connection
system of FIG. 8, according to at least one example.
[0021] FIG. 10 illustrates an exploded view of an example
connection system including a hybrid connector, according
to at least one example.

[0022] FIG. 11 illustrates a profile view of the connection
system of FIG. 10, according to at least one example.
[0023] FIG. 12 illustrates an exploded view of an example
connection system including a hybrid connector, according
to at least one example.

[0024] FIG. 13 illustrates a profile view of the connection
system of FIG. 12, according to at least one example.
[0025] FIG. 14 illustrates an exploded view of an example
connection system including a hybrid connector, according
to at least one example.

[0026] FIG. 15 illustrates a profile view of the connection
system of FIG. 14, according to at least one example.
[0027] FIG. 16 illustrates an exploded view of an example
connection system including a hybrid connector, according
to at least one example.

[0028] FIG. 17 illustrates a profile view of the connection
system of FIG. 16, according to at least one example.
[0029] FIG. 18 illustrates a side view of an example
connection system including a hybrid connector and a
tension member, according to at least one example.

[0030] FIG. 19 illustrates a perspective view of an
example flexible circuit including a series of curves, accord-
ing to at least one example.

[0031] FIG. 20 illustrates an example flow diagram illus-
trating a process of forming a connection system, according
to at least one example.

[0032] FIG. 21 illustrates an example flow diagram illus-
trating a process of forming a connection system, according
to at least one example.

DETAILED DESCRIPTION

[0033] Examples are described herein in the context of
connection systems including hybrid connectors for use in
neurostimulation devices and/or monitoring devices. Those
of ordinary skill in the art will realize that the following
description is illustrative only and is not intended to be in
any way limiting. For example, the connection systems
described herein can also be used for other applications in
which connections are made between flexible circuits and
bulk conductors. In some examples, the connection systems
can be used in applications that are not implanted in human
tissue. Reference will now be made in detail to implemen-
tations of examples as illustrated in the accompanying
drawings. The same reference indicators will be used
throughout the drawings and the following description to
refer to the same or like items.

[0034] In the interest of clarity, not all of the routine
features of the examples described herein are shown and
described. It will, of course, be appreciated that in the
development of any such actual implementation, numerous
implementation-specific decisions must be made in order to
achieve the developer’s specific goals, such as compliance
with application- and business-related constraints, and that
these specific goals will vary from one implementation to
another and from one developer to another.
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[0035] 1In an illustrative example, hybrid connectors are
used to connect electrical traces of a neural interface with
bulk conductors (e.g., leads). The bulk conductors transport
electrical signals between the neural interface and an elec-
tronics package. The neural interface is microfabricated as a
flexible circuit with a set of elongate planar strands extend-
ing away from a main body of the neural interface. Each
elongate planar strand includes a bond pad, and the number
of elongate planar strands corresponds to the number of bulk
conductors. To form a connection, a single bulk conductor is
aligned with a single strand of the flexible circuit. A hybrid
connector formed as a metal sleeve is provided between the
single bulk conductor and the single strand of the flexible
circuit. The hybrid connector is adapted to receive the bulk
conductor, which may have a circular cross section, and the
strand of the flexible circuit, which may have a rectangular
cross section. An end of the single bulk conductor and an end
of the single strand of the flexible circuit are inserted into
opposing ends of the hybrid connector. An electrical con-
nection is made between the hybrid connector and the bulk
conductor and the strand by deforming the hybrid connector
(e.g., mechanically crimping). The remaining bulk conduc-
tors can be independently connected to the remaining elon-
gate planar strands in a similar manner using independent
hybrid connectors.

[0036] This illustrative example is given to introduce the
reader to the general subject matter discussed herein and the
disclosure is not limited to this example. The following
sections describe various additional non-limiting examples
of connection systems using hybrid connectors.

[0037] Referring now to FIG. 1, FIG. 1 illustrates a
neurostimulation system 100, according to at least one
example. The neurostimulation system 100 includes a neu-
rostimulation device 102, a neural interface 104, and a set of
bulk conductors (e.g., electrode leads) 106 extending
between the neurostimulation device 102 and the neural
interface 104. As described in detail herein, the set of bulk
conductors 106 is electrically connected to the neural inter-
face 104 via a set of hybrid connectors 108.

[0038] The neurostimulation device 102 can be any suit-
able active implantable device such as those for neuromodu-
lation or neurostimulation. Examples of such devices
include deep brain stimulators, cochlear implants, cardiac
pacemakers, bioelectric devices, peripheral nerve stimula-
tion systems, and other similar devices. In some examples,
a monitoring device is used in place of the neurostimulation
device 102. In this example, the monitoring device can be
attached to the neural interface 104 in order to monitor
conditions of a patient’s health. Examples of such devices
include those used for glucose monitoring. Such devices
may also include those used for glucose monitoring and
delivery.

[0039] Insome examples, all or a portion of the set of bulk
conductors 106 is carried within a flexible cable between the
neurostimulation device 102 and the neural interface 104.
First distal ends 110 of the bulk conductors 106 (e.g., those
located adjacent to the neurostimulation device 102) can be
formed into a plug (e.g., a planar array of contacts, a
cylindrical array of contacts, or other similar contact distri-
bution). The plug can interface with a corresponding socket
of the neurostimulation device 102 to detachably couple the
bulk conductors 106 with the neurostimulation device 102.
Second distal ends 112 of the bulk conductors 106 (e.g.,
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those located adjacent to the hybrid connectors 108) are
connected to the neural interface 104 via the hybrid con-
nectors 108.

[0040] The bulk conductors 106 can take any suitable
form factor and can be formed from any suitable bio
compatible conductive material such as gold, titanium, plati-
num, iridium, niobium, platinum alloy, iridium alloy, nickel
titanium alloy, nickel-cobalt-chromium-molybdenum alloy
(e.g., MP35N®), or any other suitable material. The bulk
conductors 106 can be coated with a flexible, insulative
material such as silicon, polyurethane, Teflon®, or some
other similar material.

[0041] The neural interface 104 is formed as a flexible
circuit (e.g., flex circuit, flexible printed circuit board, flex
print, flex-circuit, and other similar flexible circuit). In some
examples, the neural interface 104 is formed using a micro-
fabrication technique. Thus, the neural interface 104 can be
a flexible microfabricated circuit board. The neural interface
104 can be formed from polyimide, paraben, liquid crystal
polymer, polyether ether ketone (PEEK), plain polyester
film (PEP), or any other similar material.

[0042] The neural interface 104 includes an array of
electrodes 114. Each of the electrodes 114 can be placed at
one or many target locations within the tissue, depending on
the implementation. While the array of electrodes 114 is
shown as an electrode cuff, it is understood that the elec-
trodes 114 may take other form factors, including, for
example, independent electrodes that can be spaced and
placed separate from each other. The dimensions of the
electrodes 114 can vary depending on the application.
[0043] The neural interface 104 also includes a set of
flexible strands 116. The flexible strands 116 can be formed
from the same material and as part of the process as the other
portions of the neural interface 104. In some examples, the
neural interface 104 is formed as a single sheet including
multiple layers of insulative and conductive material. The
flexible strands 116 can be cut from this sheet to have the
elongate form as shown in FIG. 1.

[0044] Each flexible strand 116 includes a bond pad 118
which is electrically connected to one of the electrodes 114
via an electrical trace 120 of the neural interface 104. The
bond pads 118 are conductive regions on the flexible strands
116 wherein electrical connections can be made with the
bulk conductors 106. The bond pads 118 can be located
adjacent to distal ends of the flexible strands 116. The bond
pads 118 can be formed from any suitable bio compatible
conductive material such as gold, titanium, platinum,
iridium, niobium, platinum alloy, iridium alloy, nickel tita-
nium alloy, nickel-cobalt-chromium-molybdenum alloy
(e.g., MP35N®), or any other suitable material.

[0045] The flexible strands 116 may have a generally
rectangular cross section and take the form of a thin flexible
ribbon. The bulk conductors 106 may have a generally
circular cross section and may take the form of a semi-stiff
wire. The hybrid connectors 108 are configured to enable
connection of these two different structures having vastly
different geometries.

[0046] Depending on the implementation, different vari-
eties of hybrid connectors 108 can be utilized. For example,
some hybrid connectors 108 such as hybrid connectors 108a
and 1084 may hold the bulk conductors 1064 and 1064 and
the bond pads 1184 and 1184 in an end-to-end orientation
(e.g., second distal ends 112 of the bulk conductors 106 can
be aligned with the bond pads 118 without actually physi-
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cally contacting the bond pads 118). The hybrid connectors
1085 and 108¢ may hold the bulk conductors 1065 and 106¢
and the bond pads 1185 and 118¢ in an overlapping orien-
tation (e.g., the bulk conductors 106 can physically contact
and overlap the bond pads 118).

[0047] The hybrid connectors 108 can take any suitable
form factor as described herein and can be formed from any
suitable bio compatible conductive material such as gold,
titanium, platinum, iridium, niobium, platinum alloy,
iridium alloy, nickel titanium alloy, nickel-cobalt-chro-
mium-molybdenum alloy (e.g., MP35N®), or any other
suitable material.

[0048] In some examples, the neural interface 104 along
with the bulk conductors 106 and the hybrid connectors 108
are implanted in a person’s body through one or more
incisions. As part of the same surgery, the neurostimulation
device 102 can also be installed in the person’s body.
[0049] FIGS. 2 and 3 respectively illustrate an exploded
view of an example connection system 200 including a
hybrid connector 208 and a profile view of the connection
system 200, according to at least one example. In addition to
the hybrid connector 208, the connection system 200
includes a bulk conductor 206 and a flexible strand 216.
[0050] The bulk conductor 206 can take any suitable form
factor such as those described herein. Likewise the flexible
strand 216 can take any suitable form factor such as those
described herein. In some examples, a bond pad 218 is
formed in a distal region 216a of the flexible strand 216.

[0051] The hybrid connector 208 is formed as a sleeve
defined by a body portion 222 and two ends 224a, 224b. The
body portion 222 includes an opening 226a adjacent to the
end 224a and an opening 2265 adjacent to the end 2245. In
some examples, the openings 226a, 2265 are connected to
each to each to define a continuous cavity within the body
portion 222. The interior of the hybrid connector 208 can
include anchors to engage with objects inserted into the
openings 226.

[0052] The hybrid connector 208 and any other portion of
the connection system 200 can be coated with an epoxy or
other similar material. Such material may add extensibility
to the connection system 200.

[0053] A cross-sectional shape of the opening 2264 taken
at the end 224a corresponds to a cross-sectional shape of the
flexible strand 216. For example, the flexible strand 216 can
have a rectangular cross-sectional shape and the opening
226a can have a similar shape, but be sized slightly larger in
order to receive the flexible strand 216 (e.g., a portion of the
distal region 2164 that includes the bond pad 218).

[0054] A cross-sectional shape of the opening 2265 taken
at the end 2245 corresponds to a cross-sectional shape of the
bulk conductor 206. For example, the bulk conductor 206
can have a circular cross-sectional shape and the opening
226b can have similar shape, but can be sized slightly larger
in order to receive a distal portion of the bulk conductor 206.

[0055] An electrical and mechanical connection is formed
between the bulk conductor 206 and the bond pad 218 via
the hybrid connector 208. This can be achieved by bonding
the bulk conductor 206 and the bond pad 218 to the hybrid
connector 208 using any suitable technique or combination
of techniques. Such bonding can be achieved using a crimp-
ing technique, a thermocompression bonding technique, a
thermosonic bonding technique, a resistance welding tech-
nique, a laser welding technique, conductive epoxy, and/or
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any other bonding technique suitable for bonding the bulk
conductor 206 and/or the bond pad 218 to the hybrid
connector 208.

[0056] For example, the hybrid connector 208 can be
mechanically crimped to the bulk conductor 206 and the
bond pad 218. In some examples, a first crimping tool can
be used to crimp the body portion 222 that includes the
opening 226« and a second crimping tool can be used to
crimp the body portion 222 that includes the opening 2265.
In some examples, a single crimping tool is used to crimp
both portions of the body 222. The crimping process may
also include the addition of elevated temperature, welding,
and/or ultrasonic energy in order to mechanically and elec-
trically couple the hybrid connector 208 to the bulk con-
ductor 206 and the bond pad 218. As part of the same
process or a different process, the openings 226a, 2265 can
be filled with a conductive epoxy to electrically connect, or
further electrically connect, the bulk conductor 206 and the
bond pad 218 to the hybrid connector 208.

[0057] FIGS. 4 and 5 respectively illustrate an exploded
view of an example connection system 400 including a
hybrid connector 408 and a profile view of the connection
system 400, according to at least one example. In addition to
the hybrid connector 408, the connection system 400
includes a bulk conductor 406 and a flexible strand 416.
[0058] The bulk conductor 406 can take any suitable form
factor such as those described herein. Likewise the flexible
strand 416 can take any suitable form factor such as those
described herein. In some examples, a bond pad 418 is
formed in a distal region 416a of the flexible strand 416.
[0059] The hybrid connector 408 is formed as a sleeve
defined by a body portion 422 and two ends 424a, 4245. The
body portion 422 includes an opening 426a adjacent to the
end 424a and an opening 4265 adjacent to the end 4244. In
some examples, the openings 426a, 4265 are connected to
each to each to define a continuous cavity within the body
portion 422.

[0060] A cross-sectional shape of the opening 426a taken
at the end 424qa corresponds to a cross-sectional shape of a
slug 428 to be inserted into the opening 426a. For example,
the slug 428 and the opening 426a can have circular cross-
sectional shapes. In some examples, the cross-sectional
shapes are non-circular and uniform (e.g., square, rectangu-
lar, triangular, oval, etc.).

[0061] In some examples, the slug is formed from an
electrically conductive material and is used to equally dis-
tribute crimping forces on the bond pad 418.

[0062] The slug 428 also includes a slot 430. The slot 430
is sized to receive the flexible strand 416. In particular, the
distal region 4164 of the flexible strand 416 can be inserted
into the slot 430 and the slug 428 can be inserted into the
opening 426a. Thus, the slot 430 can have a cross-sectional
shape that corresponds to the cross-sectional shape of the
flexible strand 416. In this example, the flexible strand 416
can have a rectangular cross-sectional shape and the slot 430
can have a similar shape, but be sized slightly larger in order
to receive the flexible strand 416 therein (e.g., a portion of
the distal region 4164 that includes the bond pad 418).
[0063] A cross-sectional shape of the opening 4265 taken
at the end 4245 corresponds to a cross-sectional shape of the
bulk conductor 406. For example, the bulk conductor 406
can have a circular cross-sectional shape and the opening
426b can have similar shape, but can be sized slightly larger
in order to receive a distal portion of the bulk conductor 406.
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[0064] An electrical and mechanical connection is formed
between the bulk conductor 406 and the bond pad 418 via
the hybrid connector 408. This can be achieved by bonding
the bulk conductor 406 and the bond pad 418 to the hybrid
connector 408 using any suitable technique or combination
of techniques. Such bonding can be achieved using a crimp-
ing technique, a thermocompression bonding technique, a
thermosonic bonding technique, a resistance welding tech-
nique, a laser welding technique, conductive epoxy, and/or
any other bonding technique suitable for bonding the bulk
conductor 406 and/or the bond pad 418 to the hybrid
connector 408.

[0065] For example, the hybrid connector 408 can be
mechanically crimped to the bulk conductor 406 and the
bond pad 418. In some examples, a first crimping tool can
be used to crimp the body portion 422 that includes the
opening 426a and a second crimping tool can be used to
crimp the body portion 422 that includes the opening 4265.
In some examples, a single crimping tool is used to crimp
both portions of the body 422. The crimping process may
also include the addition of elevated temperature and/or
welding in order to mechanically and/or electrically couple
the hybrid connector 408 to the bulk conductor 406 and the
bond pad 418. As part of the same process or a different
process, the openings 426a, 4265 can be filled with a
conductive epoxy to electrically connect, or further electri-
cally connect, the bulk conductor 406 and the bond pad 418
to the hybrid connector 408.

[0066] FIGS. 6 and 7 respectively illustrate an exploded
view of an example connection system 600 including a
hybrid connector 608 and a profile view of the connection
system 600, according to at least one example. In addition to
the hybrid connector 608, the connection system 600
includes a bulk conductor 606 and a flexible strand 616.

[0067] The bulk conductor 606 can take any suitable form
factor such as those described herein. For example, the bulk
conductor 606 has a coiled form factor. In some examples,
the coiled form may provide extensibility in the connection
system 600. The flexible strand 616 can take any suitable
form factor such as those described herein. For example, the
flexible strand 616 can be planar and elongate. In some
examples, a bond pad 618 is formed in a distal region 616a
of the flexible strand 616. In this example, the bond pad 618
extends along a middle top surface of the flexible strand 616.
Any of the bond pads described herein can be disposed on
one or mote surfaces of the flexible strands. For example, a
bond pad can extend along a top surface, a bottom surface,
side surfaces, and/or an end surface of an example flexible
strand.

[0068] The hybrid connector 608 is formed as a sleeve
defined by a body portion 622 and two ends 624a, 624b. The
body portion 622 includes an opening 6264 adjacent to the
end 624a and an opening 6265 adjacent to the end 6245. In
some examples, the openings 626a, 6265 are connected to
each to each to define a continuous cavity within the body
portion 622.

[0069] A cross-sectional shape of the opening 626a taken
at the end 624a corresponds to a cross-sectional shape of a
slug 628 to be inserted into the opening 626a. For example,
the slug 628 and the opening 6264 can have circular cross-
sectional shapes. In some examples, the cross-sectional
shapes are non-circular and uniform (e.g., square, rectangu-
lar, triangular, oval, etc.).
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[0070] In some examples, the slug 628 is formed from an
electrically conductive material and is used to equally dis-
tribute crimping forces on the bond pad 618.

[0071] The slug 628 also includes a slot 630. The slot 630
is sized to receive the flexible strand 616. In particular, the
distal region 6164 of the flexible strand 616 can be inserted
into the slot 630 and the slug 628 can be inserted into the
opening 626a. Thus, the slot 630 can have a cross-sectional
shape that corresponds to the cross-sectional shape of the
flexible strand 616. In this example, the flexible strand 616
can have a rectangular cross-sectional shape and the slot 630
can have a similar shape, but be sized slightly larger in order
to receive the flexible strand 616 therein (e.g., a portion of
the distal region 616a that includes the bond pad 618).
[0072] A cross-sectional shape of the opening 6265 taken
at the end 6245 corresponds to a cross-sectional shape of the
bulk conductor 606. For example, the bulk conductor 606
can be coiled to have a circular cross-sectional shape and the
opening 626h can have similar shape, but can be sized
slightly larger in order to receive a distal coiled portion of
the bulk conductor 606.

[0073] In some examples, the distal coiled portion of the
bulk conductor 606 is slid over a mandrel 632 (e.g., a
cylindrical tube). The mandrel 632 along with the bulk
conductor 606 can be installed in the opening 6265 as part
of connecting the bulk conductor 606 and the bond pad 618.
The mandrel 632 can be formed from a conductive or a
non-conductive material. For example, when the mandrel
632 and the slug 628 are formed from conductive materials,
an electrical connection can be formed between contact
between opposing faces of the mandrel 632 and the slug 628
within a cavity of the hybrid connector 608.

[0074] An electrical and mechanical connection is formed
between the bulk conductor 606 and the bond pad 618 via
the hybrid connector 608. This can be achieved by bonding
the bulk conductor 606 and the bond pad 618 to the hybrid
connector 608 using any suitable technique or combination
of techniques. Such bonding can be achieved using a crimp-
ing technique, a thermocompression bonding technique, a
thermosonic bonding technique, a resistance welding tech-
nique, a laser welding technique, conductive epoxy, and/or
any other bonding technique suitable for bonding the bulk
conductor 606 and/or the bond pad 618 to the hybrid
connector 608.

[0075] For example, the hybrid connector 608 can be
mechanically crimped to the bulk conductor 606 and the
bond pad 618. In some examples, a first crimping tool can
be used to crimp the body portion 622 that includes the
opening 626« and a second crimping tool can be used to
crimp the body portion 622 that includes the opening 6265.
In some examples, a single crimping tool is used to crimp
both portions of the body 622. The crimping process may
also include the addition of elevated temperature and/or
welding in order to mechanically and/or electrically couple
the hybrid connector 608 to the bulk conductor 606 and the
bond pad 618. As part of the same process or a different
process, the openings 626a, 6265 can be filled with a
conductive epoxy to electrically connect, or further electri-
cally connect, the bulk conductor 606 and the bond pad 618
to the hybrid connector 608.

[0076] FIGS. 8 and 9 respectively illustrate an exploded
view of an example connection system 800 including a
hybrid connector 808 and a profile view of the connection
system 800, according to at least one example. In addition to
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the hybrid connector 808, the connection system 800
includes a bulk conductor 806 and a flexible strand 816.
[0077] The bulk conductor 806 can take any suitable form
factor such as those described herein. For example, the bulk
conductor 806 has a coiled form factor. In some examples,
the coiled form may provide extensibility in the connection
system 800. The flexible strand 816 can take any suitable
form factor such as those described herein. For example, the
flexible strand 816 can be planar and elongate. In some
examples, a bond pad 818 is formed in a distal region 816a
of the flexible strand 816. In this example, the bond pad 818
extends along a middle top surface of the flexible strand 816.
Any of the bond pads described herein can be disposed on
one or more surfaces of the flexible strands. For example, a
bond pad can extend along a top surface, a bottom surface,
side surfaces, and/or an end surface of an example flexible
strand.

[0078] The hybrid connector 808 is formed as a sleeve
defined by a body portion 822 and two ends 824a, 824b5. The
body portion 822 includes an opening 826a adjacent to the
end 824a and an opening 8265 adjacent to the end 8245. In
some examples, the openings 826a, 8265 are connected to
each to each to define a continuous cavity within the body
portion §22.

[0079] A cross-sectional shape of the opening 8264 taken
at the end 824a corresponds to a cross-sectional shape of the
flexible strand 816. In this example, the flexible strand 816
can have a rectangular cross-sectional shape and the opening
8264 can have a similar shape, but be sized slightly larger in
order to receive the flexible strand 816 therein (e.g., a
portion of the distal region 8164 that includes the bond pad
818).

[0080] A cross-sectional shape of the opening 8265 taken
at the end 8245 corresponds to a cross-sectional shape of the
bulk conductor 806. For example, the bulk conductor 806
can be coiled to have a circular cross-sectional shape and the
opening 8265 can have similar shape, but can be sized
slightly larger in order to receive a distal coiled portion of
the bulk conductor 806.

[0081] In some examples, the distal coiled portion of the
bulk conductor 806 is slid over a mandrel 832 (e.g, a
cylindrical tube). The mandrel 832 along with the bulk
conductor 806 can be installed in the opening 8265 as part
of connecting the bulk conductor 806 and the bond pad §18.
The mandrel 832 can be formed from a conductive or a
non-conductive material.

[0082] An electrical and mechanical connection is formed
between the bulk conductor 806 and the bond pad 818 via
the hybrid connector 808. This can be achieved by bonding
the bulk conductor 806 and the bond pad 818 to the hybrid
connector 808 using any suitable technique or combination
of techniques. Such bonding can be achieved using a crimp-
ing technique, a thermocompression bonding technique, a
thermosonic bonding technique, a resistance welding tech-
nique, a laser welding technique, conductive epoxy, and/or
any other bonding technique suitable for bonding the bulk
conductor 806 and/or the bond pad 818 to the hybrid
connector 808.

[0083] For example, the hybrid connector 808 can be
mechanically crimped to the bulk conductor 806 and the
bond pad 818. In some examples, a first crimping tool can
be used to crimp the body portion 822 that includes the
opening 826a and a second crimping tool can be used to
crimp the body portion 822 that includes the opening 8265.
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In some examples, a single crimping tool is used to crimp
both portions of the body 822. The crimping process may
also include the addition of elevated temperature and/or
welding in order to mechanically and/or electrically couple
the hybrid connector 808 to the bulk conductor 806 and the
bond pad 818. As part of the same process or a different
process, the openings 826a, 8265 can be filled with a
conductive epoxy to electrically connect, or further electri-
cally connect, the bulk conductor 806 and the bond pad 818
to the hybrid connector 808.

[0084] FIGS. 10 and 11 respectively illustrate an exploded
view of an example connection system 1000 including a
hybrid connector 1008 and a profile view of the connection
system 1000, according to at least one example. In addition
to the hybrid connector 1008, the connection system 1000
includes a bulk conductor 1006 and a flexible strand 1016.
[0085] The bulk conductor 1006 can take any suitable
form factor such as those described herein. For example, the
bulk conductor 1006 has a coiled form factor. In some
examples, the coiled form may provide extensibility in the
connection system 1000. The flexible strand 1016 can take
any suitable form factor such as those described herein. For
example, the flexible strand 1016 can be planar and elon-
gate. In some examples, a bond pad 1018 is formed in a
distal region 1016a of the flexible strand 1016. In this
example, the bond pad 1018 extends along a middle top
surface of the flexible strand 1016. Any of the bond pads
described herein can be disposed on one or more surfaces of
the flexible strands. For example, a bond pad can extend
along a top surface, a bottom surface, side surfaces, and/or
an end surface of an example flexible strand.

[0086] The hybrid connector 1008 is formed as a sleeve
defined by a body portion 1022 and two ends 10244, 10245.
The body portion 1022 includes an opening 1026a adjacent
to the end 1024¢ and an opening 10265 adjacent to the end
102454. In some examples, the openings 1026a, 10265 are
connected to each to each to define a continuous cavity
within the body portion 1022.

[0087] A cross-sectional shape of the opening 10264 taken
at the end 1024a corresponds to a cross-sectional shape of a
slug 1028 to be inserted into the opening 1026a. For
example, the slug 1028 and the opening 1026a can have
circular cross-sectional shapes. In some examples, the cross-
sectional shapes are non-circular and uniform (e.g., square,
rectangular, triangular, oval, etc.).

[0088] In some examples, the slug 1028 is formed from an
electrically conductive material and is used to equally dis-
tribute crimping forces on the bond pad 1018.

[0089] The slug 1028 also includes a slot 1030. The slot
1030 is sized to receive the flexible strand 1016. In particu-
lar, the distal region 1016a of the flexible strand 1016 can be
inserted into the slot 1030 and the slug 1028 can be inserted
into the opening 1026a. Thus, the slot 1030 can have a
cross-sectional shape that corresponds to the cross-sectional
shape of the flexible strand 1016. In this example, the
flexible strand 1016 can have a rectangular cross-sectional
shape and the slot 1030 can have a similar shape, but be
sized slightly larger in order to receive the flexible strand
1016 therein (e.g., a portion of the distal region 1016a that
includes the bond pad 1018).

[0090] A cross-sectional shape of the opening 10265 taken
at the end 10245 corresponds to a cross-sectional shape of
the bulk conductor 1006. For example, the bulk conductor
1006 can be coiled to have a circular cross-sectional shape
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and the opening 10265 can have similar shape, but can be
sized slightly larger in order to receive a distal coiled portion
of the bulk conductor 1006. In some examples, the diameters
(or other cross-sectional measurement) of the openings
10264, 10265 are differential (e.g., the hybrid connector
1008) or uniform (e.g., the hybrid connector 608).

[0091] In some examples, the distal coiled portion of the
bulk conductor 1006 is slid over a mandrel 1032 (e.g., a
cylindrical tube). The mandrel 1032 along with the bulk
conductor 1006 can be installed in the opening 10265 as part
of connecting the bulk conductor 1006 and the bond pad
1018. The mandrel 1032 can be formed from a conductive
or a non-conductive material. For example, when the man-
drel 1032 and the slug 1028 are formed from conductive
materials, an electrical connection can be formed between
contact between opposing faces of the mandrel 1032 and the
slug 1028 within a cavity of the hybrid connector 1008.
[0092] An electrical and mechanical connection is formed
between the bulk conductor 1006 and the bond pad 1018 via
the hybrid connector 1008. This can be achieved by bonding
the bulk conductor 1006 and the bond pad 1018 to the hybrid
connector 1008 using any suitable technique or combination
of techniques. Such bonding can be achieved using a crimp-
ing technique, a thermocompression bonding technique, a
thermosonic bonding technique, a resistance welding tech-
nique, a laser welding technique, conductive epoxy, and/or
any other bonding technique suitable for bonding the bulk
conductor 1006 and/or the bond pad 1018 to the hybrid
connector 1008.

[0093] For example, the hybrid connector 1008 can be
mechanically crimped to the bulk conductor 1006 and the
bond pad 1018. In some examples, a first crimping tool can
be used to crimp the body portion 1022 that includes the
opening 1026a and a second crimping tool can be used to
crimp the body portion 1022 that includes the opening
10265. In some examples, a single crimping tool is used to
crimp both portions of the body 1022. The crimping process
may also include the addition of elevated temperature and/or
welding in order to mechanically and/or electrically couple
the hybrid connector 1008 to the bulk conductor 1006 and
the bond pad 1018. As part of the same process or a different
process, the openings 1026a, 10265 can be filled with a
conductive epoxy to electrically connect, or further electri-
cally connect, the bulk conductor 1006 and the bond pad
1018 to the hybrid connector 1008.

[0094] FIGS. 12 and 13 respectively illustrate an exploded
view of an example connection system 1200 including a
hybrid connector 1208 and a profile view of the connection
system 1200, according to at least one example. In addition
to the hybrid connector 1208, the connection system 1200
includes a bulk conductor 1206 and a flexible strand 1216.
[0095] The bulk conductor 1206 can take any suitable
form factor such as those described herein. For example, the
bulk conductor 1206 has an elongate cylindrical form factor.
The flexible strand 1216 can take any suitable form factor
such as those described herein. For example, the flexible
strand 1216 can be planar and elongate. In some examples,
a bond pad 1218 is formed in a distal region 1216a of the
flexible strand 1216. In some examples, more than one bond
pad 1218 is formed in the distal region 1216a of the flexible
strand 1216. This second bond pad 1218 can correspond to
an independent electrode or may be part of the same
electrode. Any of the bond pads described herein can be
disposed on one or more surfaces of the flexible strands. For
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example, a bond pad can extend along a top surface, a
bottom surface, side surfaces, and/or an end surface of an
example flexible strand.

[0096] The hybrid connector 1208 is formed as a sleeve
defined by a body portion 1222 and two ends 1224a, 12245.
The body portion 1222 includes an opening 12264 adjacent
to the end 1224a and an opening 12265 adjacent to the end
1224b. In some examples, the openings 1226a, 12265 are
connected to each to each to define a continuous cavity
within the body portion 1222. In some examples, each end
12244, 12244 includes more than one opening 1226, which
may be configured to receive respective flexible strands
1216 and bulk conductors 1206.

[0097] A cross-sectional shape of the opening 1226a taken
at the end 1224a corresponds to a cross-sectional shape of
the flexible strand 1216. In this example, the flexible strand
1216 can have a rectangular cross-sectional shape and the
opening 1226a can have a similar shape, but be sized
slightly larger in order to receive the flexible strand 1216
therein (e.g., a portion of the distal region 1216 that
includes the bond pad 1218).

[0098] A cross-sectional shape of the opening 12265 taken
at the end 1224b corresponds to a cross-sectional shape of
the bulk conductor 1206. For example. the bulk conductor
1206 can be coiled to have a circular cross-sectional shape
and the opening 12265 can have similar shape, but can be
sized slightly larger in order to receive the bulk conductor
1206.

[0099] The hybrid connector 1208 also includes a biased
member 1234. The biased member 1234 is disposed within
an interior cavity of the hybrid connector 1208. The biased
member 1234 can be formed from an electrically conductive
material. In some examples, the biased member 1234 func-
tions to electrically connect the bulk conductor 1206 and the
bond pad 1218. This may be achieved as the biased member
1234 exerts compression forces on a distal end of the bulk
conductor 1206 and on the bond pad 1218.

[0100] In some examples, the hybrid connector 1208 also
includes an alignment tab 1236. The alignment tab 1236
may be used to align the flexible strand 1216 with the hybrid
connector 1208. For example, the flexible strand 1216 may
include an opening 1238 that corresponds in size and shape
to the alignment tab 1236. In some examples, the alignment
tab 1236 can be moved into place (e.g., within the opening
1238) after the flexible strand 1216 has been installed in the
hybrid connector 1208.

[0101] An electrical and mechanical connection is formed
between the bulk conductor 1206 and the bond pad 1218 via
the biased member 1234. In some examples, the openings
12264, 12265 can be filled with a conductive epoxy to
electrically connect, or further electrically connect, the bulk
conductor 1206 and the bond pad 1218 to the hybrid
connector 1208.

[0102] FIGS. 14 and 15 respectively illustrate an exploded
view of an example connection system 1400 including a
hybrid connector 1408 and a profile view of the connection
system 1400, according to at least one example. In addition
to the hybrid connector 1408, the connection system 1400
includes a bulk conductor 1406 and a flexible strand 1416.

[0103] The bulk conductor 1406 can take any suitable
form factor such as those described herein. Likewise the
flexible strand 1416 can take any suitable form factor such
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as those described herein. In some examples, a bond pad
1418 is formed in a distal region 14164 of the flexible strand
1416.

[0104] The hybrid connector 1408 is formed as a sleeve
defined by a body portion 1422 and two ends 1424a, 14245.
The body portion 1422 includes an opening 1426a adjacent
to the end 1424¢ and an opening 14265 adjacent to the end
14245. In some examples, the openings 1426a, 14265 are
connected to each to each to define a continuous cavity
within the body portion 1422.

[0105] A cross-sectional shape of the opening 1426« taken
at the end 1424a corresponds to a cross-sectional shape the
flexible strand 1416. In this example, the flexible strand
1416 can have a rectangular cross-sectional shape and the
opening 1426a can have a similar shape, but be sized
slightly larger in order to receive the flexible strand 1416
therein (e.g.. a portion of the distal region 1416 that
includes the bond pad 1418).

[0106] A cross-sectional shape of the opening 14265 taken
at the end 14245 corresponds to a cross-sectional shape of
the bulk conductor 1406. For example, the bulk conductor
1406 can have a circular cross-sectional shape and the
opening 14265 can have similar shape, but can be sized
slightly larger in order to receive a distal portion of the bulk
conductor 1406.

[0107] An electrical and mechanical connection is formed
between the bulk conductor 1406 and the bond pad 1418 via
the hybrid connector 1408. This can be achieved by bonding
the bulk conductor 1406 and the bond pad 1418 to the hybrid
connector 1408 using any suitable technique or combination
of techniques. Such bonding can be achieved using a crimp-
ing technique, a thermocompression bonding technique, a
thermosonic bonding technique, a resistance welding tech-
nique, a laser welding technique, conductive epoxy, and/or
any other bonding technique suitable for bonding the bulk
conductor 1406 and/or the bond pad 1418 to the hybrid
connector 1408.

[0108] For example, the hybrid connector 1408 can be
mechanically crimped to the bulk conductor 1406 and the
bond pad 1418. In some examples, a first crimping tool can
be used to crimp the body portion 1422 that includes the
opening 14264 and a second crimping tool can be used to
crimp the body portion 1422 that includes the opening
142654. In some examples, a single crimping tool is used to
crimp both portions of the body 1422. The crimping process
may also include the addition of elevated temperature and/or
welding in order to mechanically and/or electrically couple
the hybrid connector 1408 to the bulk conductor 1406 and
the bond pad 1418. As part of the same process or a different
process, the openings 1426a, 14265 can be filled with a
conductive epoxy to electrically connect, or further electri-
cally connect, the bulk conductor 1406 and the bond pad
1418 to the hybrid connector 1408.

[0109] FIGS. 16 and 17 respectively illustrate an exploded
view of an example connection system 1600 including a
hybrid connector 1608 and a profile view of the connection
system 1600, according to at least one example. In addition
to the hybrid connector 1608, the connection system 1600
includes a bulk conductor 1606 and a flexible strand 1616.
[0110] The bulk conductor 1606 can take any suitable
form factor such as those described herein. Likewise the
flexible strand 1616 can take any suitable form factor such
as those described herein. In some examples, a bond pad
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1618 (or more than one bond pad 1618) is formed in a distal
region 16164 of the flexible strand 1616.

[0111] The hybrid connector 1608 is formed as a sleeve
defined by a body portion 1622 and two ends 1624a, 16245.
The body portion 1622 includes a set of alignment tabs 1640
adjacent to the end 1624« and an opening 16265 adjacent to
the end 1624b. In some examples, the opening 16260
extends through the body portion 1622 to define a continu-
ous cavity within the body portion 1622.

[0112] A cross-sectional shape of the opening 16265 taken
at the end 16245 corresponds to a cross-sectional shape of
the bulk conductor 1606. For example, the bulk conductor
1606 can have a circular cross-sectional shape and the
opening 16265 can have similar shape, but can be sized
slightly larger in order to receive a distal portion of the bulk
conductor 1606.

[0113] The alignment tabs 1640 can correspond in shape
and size to a set of alignment openings 1642 disposed within
the bond pad 1618. The alignment tabs 1640 not only align
the flexible strand 1616, but, once deformed, function to
mechanically and electrically connect the bond pad 1618 to
the hybrid connector 1208.

[0114] For example, once the alignment openings 1642 are
aligned with the alignment tabs 1640 (e.g., when the align-
ment tabs 1640 extend through the alignment openings
1642), the alignment tabs 1640 can be deformed (e.g., like
arivet) to spread within the alignment openings 1642 and on
to a top surface of the bond pad 1618. As part of the same
or a different process, the other end of the hybrid connector
1608 can be mechanically crimped with the bulk conductor
1606 within the opening 12265. In some examples, a first
tool can be used to deform the alignment tabs 1640 and a
second tool can be used to crimp the body portion 1622 that
includes the opening 1626b. In some examples, a single tool
is used to deform the alignment tabs 1640 and crimp the
body portion 1622 that includes the opening 16265. The
crimping process may also include the addition of elevated
temperature and/or welding in order to mechanically and/or
electrically couple the hybrid connector 1608 to the bulk
conductor 1606 and the bond pad 1618. As part of the same
process or a different process, the opening 16265 can be
filled with a conductive epoxy to electrically connect, or
further electrically connect, the bulk conductor 1606 and the
bond pad 1618 to the hybrid connector 1608.

[0115] In some examples, the bonding between the hybrid
connector 1608 and the bond pads 1618 and the bulk
conductor 1606 is achieved by bonding the bulk conductor
1606 and the bond pad 1618 to the hybrid connector 1608
using any suitable technique or combination of techniques.
Such bonding can be achieved using a crimping technique,
a thermocompression bonding technique, a thermosonic
bonding technique, a resistance welding technique, a laser
welding technique, conductive epoxy, and/or any other
bonding technique suitable for bonding the bulk conductor
1606 and/or the bond pad 1618 to the hybrid connector
1608.

[0116] FIG. 18 illustrates a side view of an example
connection system 1800 including a hybrid connector 1808
and a tension member 1844, according to at least one
example. The connection system 1800 also includes a bulk
conductor 1806 and a flexible strand 1816. The hybrid
connector 1808 can be used to electrically and mechanically
connect the bulk conductor 1806 and the flexible strand
1816, as described herein. The bulk conductor 1806 can take
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any suitable form factor such as those described herein. For
example, the bulk conductor 1806 can include a coiled
portion and a distal portion that extends away from the
coiled portion. Likewise the flexible strand 1816 can take
any suitable form factor such as those described herein. In
some examples, a bond pad 1818 (or more than one bond
pad 1818) is formed in a distal region of the flexible strand
1816.

[0117] The tension member 1844 can be formed from a
nylon cord or other similar material. The tension member
1844 is attached to the flexible strand 1816 at attachment
location 18464 and attached to the bulk conductor 1806 at
attachment location 1846b. The length of the tension mem-
ber 1844 (and the attachment locations 1846) is selected to
be less than the length of the hybrid connector 1808. In this
manner, when opposing tension forces are applied to the
portion of the connection system 1800 that includes the
hybrid connector 1808, the tension member 1844 will
oppose the tension forces instead of the hybrid connector
1808. In this manner, the tension member 1844 functions as
a limiting member to limit the extent to which the portion of
the system including the hybrid connector 1808 can extend.
This improves the tension cycles that the connection system
1800 can withstand. This may also prevent the connections
from failing because it provides strain relief.

[0118] Insome examples, strain relief may be provided by
molding a tapered elastomeric material from stiff regions to
the flexible regions. In this manner, the tapered elastomeric
material may provide strain relief at areas where stiff regions
connect to flexible regions at the hybrid connectors.
[0119] FIG. 19 illustrates a perspective view of an
example flexible strand 1900 of a flexible circuit that
includes a series of curves 1948, according to at least one
example. The flexible strand 1900 can include a bond pad
1918. The series of curves 1948 can be located within an
intermediate region 1950 of the flexible strand 1900. The
intermediate region 1950 is adjacent to the bond pad 1918.
In some examples, the curves 1948 are uniform and/or
non-uniform. The curves 1948 may be aligned with one or
more directions. For example, although illustrated as a wave
oscillating with respect to a planar surface of the flexible
strand 1916, the curves 1948 can also correspond to waves
oscillating in other directions. The curves 1948 may add
extensibility for the flexible strand 1900 and connection
systems that include the flexible strand 1900. In some
examples, the curves 1948 have a serpentine shape that
curves onto and off of itself.

[0120] FIG. 20 illustrates an example flow diagram illus-
trating a process 2000 of forming a connection system,
according to at least one example.

[0121] The process 2000 begins at 2002 by placing a
conductive planar region of a planar strand of a flexible
circuit into a first opening of a connector.

[0122] At 2004, the process 2000 includes placing an end
of a bulk conductor into a second opening of the connector.
[0123] At 2006, the process 2000 includes deforming the
connector to form an electrical connection between the
conductive planar region and the bulk conductor. In some
examples, deforming the connector includes performing a
first deformation technique on a first portion of the connec-
tor adjacent to the first opening to form a first electrical
connection between the conductive planar region and the
connector. Deforming the connector may also include per-
forming a second deformation technique on a second portion
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of the connector adjacent to the second opening to form a
second electrical connection between the bulk conductor and
the connector. In some examples, the first deformation
technique, the second deformation technique, or both the
first and second deformation techniques may include at least
one of mechanical crimping, mechanical crimping in con-
nection with elevated temperature, or mechanical crimping
in connection with ultrasonic energy.

[0124] The process 2000 may also include electrically
isolating the first electrical connection and the second elec-
trical connection by applying a non-conductive epoxy or
adhesive around the first and second electrical connections,
molding an elastomeric, non-conductive material around the
first and second electrical connections, adding a thermoplas-
tic sleeve to the connector and reflowing under vacuum to
form seals at the first and second electrical connections,
performing a vacuum conformal deposition at the first and
second electrical connections, and/or performing any other
suitable process.

[0125] FIG. 21 illustrates an example flow diagram illus-
trating a process 2100 of forming a connection system,
according to at least one example.

[0126] The process 2100 begins at 2102 aligning a set of
openings formed in a conductive planar region of a planar
strand of a flexible circuit with a set of tabs of a connector.
The set of tabs is disposed at a first end of the connector.
[0127] At 2104, the process 2100 includes placing an end
of a bulk conductor into an opening of the connector. The
opening is disposed at a second end of the connector.
[0128] At 2106, the process 2100 includes deforming the
connector to form an electrical connection between the
conductive planar region and the bulk conductor. In some
examples, deforming connector includes performing a first
deformation technique on the set of tabs to form a first
electrical connection between the conductive planar region
and the connector. Deforming the connector may also
include performing a second deformation technique on a
portion of the connector adjacent to the opening to form a
second electrical connection between the bulk conductor and
the connector. In some examples, the first deformation
technique, the second deformation technique, or both the
first and second deformation techniques may include at least
one of mechanical crimping, mechanical crimping in con-
nection with elevated temperature, or mechanical crimping
in connection with ultrasonic energy.

[0129] The process 2100 may also include electrically
isolating the first electrical connection and the second elec-
trical connection by applying a non-conductive epoxy or
adhesive around the first and second electrical connections,
molding an elastomeric, non-conductive material around the
first and second electrical connections, adding a thermoplas-
tic sleeve to the connector and reflowing under vacuum to
form seals at the first and second electrical connections,
performing a vacuum conformal deposition at the first and
second electrical connections, and/or performing any other
suitable process.

[0130] In the following, further examples are described to

facilitate the understanding of the present disclosure.
Example 1

[0131] Inthis example, there is provided a system, includ-

ing:

[0132] a connector defining a cavity, with a first opening

formed at a first end of the connector and a second opening
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formed at a second end of the connector, the first opening
defining a first connector cross-sectional shape; and

[0133] a flexible circuit defining a neural interface and
including an elongate planar strand, the elongate planar
strand including a conductive region disposed at a distal end
of the elongate planar strand on a top surface of the elongate
planar strand or a bottom surface of the elongate planar
strand, the distal end including a strand cross-sectional
shape, wherein at least a portion of the conductive region of
the elongate planar strand is disposed within the first open-
ing and permanently bonded to the connector.

Example 2

[0134] In this example, there is provided a system of any
of the preceding or subsequent examples, further including
a bulk conductor including a second distal end including a
conductor cross-sectional shape, and wherein the second
distal end of the bulk conductor is disposed within the
second opening.

Example 3

[0135] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein the con-
nector is permanently deformable to retain the portion of the
conductive region of the elongate planar strand within the
first opening and to retain the second distal end of the bulk
conductor within the second opening.

Example 4

[0136] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein the por-
tion of the conductive region is in physical contact with the
second distal end of the bulk conductor.

Example 5

[0137] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein the strand
cross-sectional shape corresponds to the first connector
cross-sectional shape and is rectangular, and the conductor
cross-sectional shape is circular.

Example 6

[0138] In this example, there is provided a system of any
of the preceding or subsequent examples, further including
abiased member disposed within the cavity of the connector,
the biased member configured to electrically connect the
bulk conductor and the conductive region.

Example 7

[0139] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein the bulk
conductor and the elongate planar strand are disposed in
different horizontal planes.

Example 8

[0140] In this example, there is provided a system of any
of the preceding or subsequent examples, further including
a tension member attached to the elongate planar strand and
the bulk conductor, the tension member configured to sup-
port a tension force between the elongate planar strand and
the bulk conductor.
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Example 9

[0141] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein:

[0142] the system further includes a second connector; and
[0143] the flexible circuit includes a second elongate pla-
nar strand including a second conductive region, with at
least a second portion of the second conductive region being
disposed within a second cavity of the second connector.

Example 10

[0144] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein:

[0145] the elongate planar strand includes a second con-
ductive region;
[0146] the connector defines a second cavity, with a third

opening disposed at the first end of the connector and a
fourth opening disposed at the second end of the connector;
and

[0147] wherein at least a second portion of the second
conductive region of the elongate planar strand is disposed
within the second cavity via the third opening.

Example 11

[0148] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein:

[0149] the connector defines a second cavity, with a third
opening defined at the first end of the connector and a fourth
opening defined at the second end of the connector; and
[0150] the flexible circuit includes a second elongate pla-
nar strand including a second conductive region, with at
least a second portion of the second conductive region being
disposed within the second cavity of the connector.

Example 12

[0151] In this example, there is provided a system of any
of the preceding or subsequent examples, further including
a slug disposed within the cavity adjacent to the first
opening, the slug defining a slot sized and oriented to receive
the portion of the conductive region of the elongate planar
strand.

Example 13

[0152] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein the strand
cross-sectional shape is rectangular and corresponds to the
slot and the first connector cross-sectional shape is circular
and corresponds to a perimeter of the slug.

Example 14

[0153] In this example, there is provided a system of any
of the preceding or subsequent examples, further including
a bulk conductor coiled around a mandrel, and wherein a
portion of the bulk conductor is disposed within the second
opening.

Example 15

[0154] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein the elon-
gate planar strand is formed to include a series of repeating
curves.
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Example 16

[0155] In this example, there is provided a system of any
of the preceding or subsequent examples, wherein the con-
nector is deformable to retain the portion of the conductive
region of the elongate planar strand within the first opening.

Example 17
[0156] In this example, there is provided a hybrid connec-
tor, including:
[0157] a connector body;
[0158] a first connector end attached to the connector body

and defining a first opening defining a first cross-sectional
shape that corresponds to a first distal end of a planar flexible
circuit; and

[0159] a second connector end attached to the connector
body opposite the first connector end and defining a second
opening defining a second cross-sectional shape that corre-
sponds to a second distal end of a bulk conductor.

Example 18

[0160] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, wherein
the first cross-sectional shape is rectangular and the second
cross-sectional shape is non-rectangular.

Example 19

[0161] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, wherein
the first cross-sectional shape and the second cross-sectional
shape are circular.

Example 20

[0162] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, wherein
the connector body defines a cavity connecting the first
opening with the second opening.

Example 21

[0163] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, wherein
the cavity has a uniform diameter between the first opening
and the second opening.

Example 22

[0164] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, wherein:
[0165]
[0166] the first opening is sized to receive a cylindrical
slug including a slot that corresponds to the first distal end
of the planar flexible circuit.

the first cross-sectional shape is circular; and

Example 23

[0167] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, wherein
the connector body is deformable to retain the first distal end
of the elongate planar strand within the first opening and to
retain the second distal end of the bulk conductor within the
second opening.
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Example 24

[0168] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, wherein
the connector body is deformable using at least one of a
thermocompression bonding technique, a thermosonic
bonding technique, a resistance welding technique, or a laser
welding technique.

Example 25

[0169] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, further
including a biased member disposed within a cavity of the
connector body between the first end and the second end, the
biased member configured to electrically connect the first
distal end of the elongate planar strand and the second distal
end of the bulk conductor.

Example 26

[0170] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, further
including a set of anchors disposed adjacent to at least one
of the first opening or the second opening.

Example 27
[0171] In this example, there is provided a hybrid connec-
tor, including:
[0172] a connector body;
[0173] a first connector end attached to the connector

body, the first connector end including a set of raised tabs
corresponding to a set of openings formed in a distal region
of a planar flexible circuit; and

[0174] a second connector end attached to the connector
body opposite the first connector end, the second connector
end defines an opening defining a cross-sectional shape that
corresponds to a distal end of a bulk conductor.

Example 28

[0175] In this example, there is provided a hybrid connec-
tor of any of the preceding or subsequent examples, wherein:

[0176] the set of raised tabs is deformable using a first
deformation technique to form a first electrical connection
between the connector body and the distal region of the
planar flexible circuit; and

[0177] a portion of the connector body adjacent to the
second connector end is deformable using a second defor-
mation technique to form a second electrical connection
between the connector body and the bulk conductor.

Example 29

[0178] In this example, there is provided a system, includ-
ing:

[0179] a neural interface including an elongate planar
strand, the elongate planar strand including a conductive
region disposed at a first distal end of the elongate planar
strand, the first distal end including a first cross-sectional
shape;

[0180] a bulk conductor including a second distal end
including a second cross-sectional shape; and
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[0181] a connector disposed between the elongate planar
strand and the bulk conductor, the connector including:
[0182] a first end in which is formed a first opening
corresponding to the first cross-sectional shape, the first
distal end being held within the first opening; and
[0183] a second end in which is formed a second
opening corresponding to the second cross-sectional
shape, the second distal end being held within the
second opening,
[0184] wherein an electrical connection is formed between
the conductive region and the bulk conductor via the con-
nector.

Example 30

[0185] In this example, there is provided a method of
forming a hybrid connection, including:

[0186] placing a conductive planar region of a planar
strand of a flexible circuit into a first opening of a connector;
[0187] placing an end of a bulk conductor into a second
opening of the connector; and

[0188] deforming the connector to form an electrical con-
nection between the conductive planar region and the bulk
conductor.

Example 31

[0189] In this example, there is provided a method of any
of the preceding or subsequent examples, wherein deform-
ing the connector includes:

[0190] performing a first deformation technique on a first
portion of the connector adjacent to the first opening to form
a first electrical connection between the conductive planar
region and the connector; and

[0191] performing a second deformation technique on a
second portion of the connector adjacent to the second
opening to form a second electrical connection between the
bulk conductor and the connector,

[0192] wherein the first deformation technique, the second
deformation technique, or both the first and second defor-
mation techniques comprise at least one of mechanical
crimping, mechanical crimping in connection with elevated
temperature, or mechanical crimping in connection with
ultrasonic energy.

Example 32

[0193] In this example, there is provided a method of any
of the preceding or subsequent examples, further comprising
electrically isolating the first electrical connection and the
second electrical connection by applying a non-conductive
epoxy or adhesive around the first and second electrical
connections, molding an elastomeric, non-conductive mate-
rial around the first and second electrical connections, add-
ing a thermoplastic sleeve to the connector and reflowing
under vacuum to form seals at the first and second electrical
connections, and/or performing a vacuum conformal depo-
sition at the first and second electrical connections.

Example 33

[0194] In this example, there is provided a method of
forming a hybrid connection, including:

[0195] aligning a set of openings formed in a conductive
planar region of a planar strand of a flexible circuit with a set
of tabs of a connector, the set of tabs disposed at a first end
of the connector;
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[0196] placing an end of a bulk conductor into an opening
of the connector, the opening disposed at a second end of the
connector; and

[0197] deforming the connector to form an electrical con-
nection between the conductive planar region and the bulk
conductor.

Example 34

[0198] In this example, there is provided a method of any
of the preceding or subsequent examples, wherein deform-
ing the connector includes:

[0199] performing a first deformation technique on the set
of tabs to form a first electrical connection between the
conductive planar region and the connector; and

[0200] performing a second deformation technique on a
portion of the connector adjacent to the opening to form a
second electrical connection between the bulk conductor and
the connector,

[0201] wherein the first deformation technique, the second
deformation technique, or both the first and second defor-
mation techniques comprise at least one of mechanical
crimping, mechanical crimping in connection with elevated
temperature, or mechanical crimping in connection with
ultrasonic energy.

Example 35

[0202] In this example, there is provided a method of any
of the preceding or subsequent examples, further comprising
electrically isolating the first electrical connection and the
second electrical connection by applying a non-conductive
epoxy or adhesive around the first and second electrical
connections, molding an elastomeric, non-conductive mate-
rial around the first and second electrical connections, add-
ing a thermoplastic sleeve to the connector and reflowing
under vacuum to form seals at the first and second electrical
connections, and/or performing a vacuum conformal depo-
sition at the first and second electrical connections.

[0203] The foregoing description of some examples has
been presented only for the purpose of illustration and
description and is not intended to be exhaustive or to limit
the disclosure to the precise forms disclosed. Numerous
modifications and adaptations thereof will be apparent to
those skilled in the art without departing from the spirit and
scope of the disclosure.

[0204] Reference hetein to an example or implementation
means that a particular feature, structure, operation, or other
characteristic described in connection with the example may
be included in at least one implementation of the disclosure.
The disclosure is not restricted to the particular examples or
implementations described as such. The appearance of the
phrases “in one example.” “in an example,” “in one imple-
mentation,” or “in an implementation,” or variations of the
same in various places in the specification does not neces-
sarily refer to the same example or implementation. Any
particular feature, structure, operation, or other characteris-
tic described in this specification in relation to one example
or implementation may be combined with other features,
structures, operations, or other characteristics described in
respect of any other example or implementation.

[0205] Use herein of the word “or” is intended to cover
inclusive and exclusive OR conditions. In other words, A or
B or C includes any or all of the following alternative
combinations as appropriate for a particular usage: A alone;
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B alone; C alone; A and B only; A and C only; B and C only;
and all three of A and B and C.

What is claimed is:

1. A system, comprising:

a connector defining a cavity, with a first opening formed
at a first end of the connector and a second opening
formed at a second end of the connector, the first
opening defining a first connector cross-sectional
shape; and

a flexible circuit defining a neural interface and compris-
ing an elongate planar strand, the elongate planar strand
comprising a conductive region disposed at a distal end
of the elongate planar strand on a top surface of the
elongate planar strand or a bottom surface of the
elongate planar strand, the distal end comprising a
strand cross-sectional shape,

wherein at least a portion of the conductive region of the
elongate planar strand is disposed within the first
opening and permanently bonded to the connector.

2. The system of claim 1, further comprising a bulk
conductor comprising a second distal end comprising a
conductor cross-sectional shape, and wherein the second
distal end of the bulk conductor is disposed within the
second opening.

3. The system of claim 2, wherein the connector is
permanently deformable to retain the portion of the conduc-
tive region of the elongate planar strand within the first
opening and to retain the second distal end of the bulk
conductor within the second opening.

4. The system of claim 2, wherein the portion of the
conductive region is in physical contact with the second
distal end of the bulk conductor.

5. The system of claim 2, wherein the strand cross-
sectional shape corresponds to the first connector cross-
sectional shape and is rectangular, and the conductor cross-
sectional shape is circular.

6. The system of claim 2, further comprising a biased
member disposed within the cavity of the connector, the
biased member configured to electrically connect the bulk
conductor and the conductive region.

7. The system of claim 6, wherein the bulk conductor and
the elongate planar strand are disposed in different horizon-
tal planes.

8. The system of claim 2, further comprising a tension
member attached to the elongate planar strand and the bulk
conductor, the tension member configured to support a
tension force between the elongate planar strand and the
bulk conductor.

9. The system of claim 1, wherein:

the system further comprises a second connector; and

the flexible circuit comprises a second elongate planar
strand comprising a second conductive region, with at
least a second portion of the second conductive region
being disposed within a second cavity of the second
connector.

10. The system of claim 1, wherein:

the elongate planar strand comprises a second conductive
region;

the connector defines a second cavity, with a third opening
disposed at the first end of the connector and a fourth
opening disposed at the second end of the connector;
and
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wherein at least a second portion of the second conductive
region of the elongate planar strand is disposed within
the second cavity via the third opening.

11. The system of claim 1, wherein:

the connector defines a second cavity, with a third opening
defined at the first end of the connector and a fourth
opening defined at the second end of the connector; and

the flexible circuit comprises a second elongate planar
strand comprising a second conductive region, with at
least a second portion of the second conductive region
being disposed within the second cavity of the connec-
tor.

12. The system of claim 1, further comprising a slug
disposed within the cavity adjacent to the first opening, the
slug defining a slot sized and oriented to receive the portion
of the conductive region of the elongate planar strand.

13. The system of claim 12, wherein the strand cross-
sectional shape is rectangular and corresponds to the slot and
the first connector cross-sectional shape is circular and
corresponds to a perimeter of the slug.

14. The system of claim 1, further comprising a bulk
conductor coiled around a mandrel, and wherein a portion of
the bulk conductor is disposed within the second opening.

15. The system of claim 1, wherein the elongate planar
strand is formed to include a series of repeating curves.

16. The system of claim 1, wherein the connector is
deformable to retain the portion of the conductive region of
the elongate planar strand within the first opening.

17. A hybrid connector, comprising:

a connector body;

a first connector end attached to the connector body and
defining a first opening defining a first cross-sectional
shape that corresponds to a first distal end of a planar
flexible circuit; and

a second connector end attached to the connector body
opposite the first connector end and defining a second
opening defining a second cross-sectional shape that
corresponds to a second distal end of a bulk conductor.

18. The hybrid connector of claim 17, wherein the first
cross-sectional shape is rectangular and the second cross-
sectional shape is non-rectangular.

19. The hybrid connector of claim 17, wherein the first
cross-sectional shape and the second cross-sectional shape
are circular.

20. The hybrid connector of claim 17, wherein the con-
nector body defines a cavity connecting the first opening
with the second opening.

21. The hybrid connector of claim 20, wherein the cavity
has a uniform diameter between the first opening and the
second opening.

22. The hybrid connector of claim 17, wherein:

the first cross-sectional shape is circular; and

the first opening is sized to receive a cylindrical slug
comprising a slot that corresponds to the first distal end
of the planar flexible circuit.

23. The hybrid connector of claim 17, wherein the con-
nector body is deformable to retain the first distal end of the
elongate planar strand within the first opening and to retain
the second distal end of the bulk conductor within the second
opening.

24. The hybrid connector of claim 23, wherein the con-
nector body is deformable using at least one of a thermo-
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compression bonding technique, a thermosonic bonding
technique, a resistance welding technique, or a laser welding
technique.

25. The hybrid connector of claim 17, further comprising

a biased member disposed within a cavity of the connector
body between the first end and the second end, the biased
member configured to electrically connect the first distal end
of the elongate planar strand and the second distal end of the
bulk conductor.

26. The hybrid connector of claim 17, further comprising

a set of anchors disposed adjacent to at least one of the first
opening or the second opening.

27. A hybrid connector, comprising;

a connector body;

a first connector end attached to the connector body, the
first connector end comprising a set of raised tabs
corresponding to a set of openings formed in a distal
region of a planar flexible circuit; and

a second connector end attached to the connector body
opposite the first connector end, the second connector
end defines an opening defining a cross-sectional shape
that corresponds to a distal end of a bulk conductor.

28. The hybrid connector of claim 27, wherein:

the set of raised tabs is deformable using a first deforma-
tion technique to form a first electrical connection
between the connector body and the distal region of the
planar flexible circuit; and

a portion of the connector body adjacent to the second
connector end is deformable using a second deforma-
tion technique to form a second electrical connection
between the connector body and the bulk conductor.

29. A system, comprising:

a neural interface comprising an elongate planar strand,
the elongate planar strand comprising a conductive
region disposed at a first distal end of the elongate
planar strand, the first distal end comprising a first
cross-sectional shape;

a bulk conductor comprising a second distal end com-
prising a second cross-sectional shape; and

a connector disposed between the elongate planar strand
and the bulk conductor, the connector comprising:

a first end in which is formed a first opening corre-
sponding to the first cross-sectional shape, the first
distal end being held within the first opening; and

a second end in which is formed a second opening
corresponding to the second cross-sectional shape,
the second distal end being held within the second
opening,

wherein an electrical connection is formed between the
conductive region and the bulk conductor via the
connector.

30. A method of forming a hybrid connection, the method

comprising:

placing a conductive planar region of a planar strand of a
flexible circuit into a first opening of a connector;

placing an end of a bulk conductor into a second opening
of the connector; and

deforming the connector to form an electrical connection
between the conductive planar region and the bulk
conductor.

31. The method of claim 30, wherein deforming the

connector comprises:

performing a first deformation technique on a first cavity
portion of the connector adjacent to the first opening to
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form a first electrical connection between the conduc-
tive planar region and the connector; and

performing a second deformation technique on a second

cavity portion of the connector adjacent to the second
opening to form a second electrical connection between
the bulk conductor and the connector,

wherein the first deformation technique, the second defor-

mation technique, or both the first and second defor-
mation techniques comprise at least one of mechanical
crimping, mechanical crimping in connection with
elevated temperature, or mechanical crimping in con-
nection with ultrasonic energy.

32. The method of claim 31, further comprising electri-
cally isolating the first electrical connection and the second
electrical connection by applying a non-conductive epoxy or
adhesive around the first and second electrical connections,
molding an elastomeric, non-conductive material around the
first and second electrical connections, adding a thermoplas-
tic sleeve to the connector and reflowing under vacuum to
form seals at the first and second electrical connections,
and/or performing a vacuum conformal deposition at the
first and second electrical connections.

33. A method of forming a hybrid connection, the method
comptrising:

aligning a set of openings formed in a conductive planar

region of a planar strand of a flexible circuit with a set
of tabs of a connector, the set of tabs disposed at a first
end of the connector;

placing an end of a bulk conductor into an opening of the

connector, the opening disposed at a second end of the
connector; and
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deforming the connector to form an electrical connection
between the conductive planar region and the bulk
conductor.

34. The method of claim 33, wherein deforming the
connector comprises:

performing a first deformation technique on the set of tabs
to form a first electrical connection between the con-
ductive planar region and the connector; and

performing a second deformation technique on a portion
of the connector adjacent to the opening to form a
second electrical connection between the bulk conduc-
tor and the connector,

wherein the first deformation technique, the second defor-
mation technique, or both the first and second defor-
mation techniques comprise at least one of mechanical
crimping, mechanical crimping in connection with
elevated temperature, or mechanical crimping in con-
nection with ultrasonic energy.

35. The method of claim 34, further comprising electri-
cally isolating the first electrical connection and the second
electrical connection by applying a non-conductive epoxy or
adhesive around the first and second electrical connections,
molding an elastomeric, non-conductive material around the
first and second electrical connections, adding a thermoplas-
tic sleeve to the connector and reflowing under vacuum to
form seals at the first and second electrical connections,
and/or performing a vacuum conformal deposition at the
first and second electrical connections.
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