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MEDICAL DEVICE CONTACT ASSEMBLIES FOR USE WITH
IMPLANTABLE LEADS, AND ASSOCIATED SYSTEMS AND
METHODS

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The present application claims priority to U.S. Non-Provisional
Application 13/291,985, filed November 8, 2011, and titled MEDICAL DEVICE
CONTACT ASSEMBLIES FOR USE WITH IMPLANTABLE LEADS, AND
ASSOCIATED SYSTEMS AND METHODS, the entirety of which is incorporated by

reference herein.
TECHNICAL FIELD

[0002] The present technology is directed generally to contact assemblies for
medical devices, and associated systems and methods. Contact assemblies in
accordance with the present technology are suitable for electrical connections
between medical device components, including connections between an implantable

lead and an implantable pulse generator of a neurological stimulation system.
BACKGROUND

[0003] Neurological stimulators have been developed to treat pain, movement
disorders, functional disorders, spasticity, cancer, cardiac disorders, and various
other medical conditions. Implantable neurological stimulation systems generally
have an implantable pulse generator that is operably coupled to one or more leads
that deliver electrical pulses to neurological tissue or muscle tissue. For example,
several neurological stimulation systems for spinal cord stimulation (SCS) have
cylindrical leads that include a lead body with a circular cross-sectional shape and
multiple conductive rings spaced apart from each other at the distal end of the lead
body. The conductive rings operate as individual electrodes or contacts to deliver
electrical signals to the patient. The SCS leads are typically implanted either
surgically or percutaneously through a needle inserted into the epidural space, often

with the assistance of a stylet.
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[0004] Once implanted, the pulse generator applies electrical pulses to the
electrodes, which in turn modify the function of the patient's nervous system, such as
by altering the patient's responsiveness to sensory stimuli and/or altering the
patient's motor-circuit output. In particular, the electrical pulses can generate
sensations that mask or otherwise alter the patient's sensation of pain. For example,
in many cases, patients report a tingling or paresthesia that is perceived as more
pleasant and/or less uncomfortable than the underlying pain sensation. In other

cases, the patients can report pain relief without paresthesia or other sensations.

[0005] Depending on the treatment location within the patient, lead extensions
may be connected between the implantable pulse generator and the lead to provide
electrical pulses at more distant locations. Couplings between the pulse generator,
the leads, the lead extensions and/or lead adaptors require multiple electrical
connections that provide an electrical path to each of the electrodes on a given lead.
Each of the electrical connections represents the potential for a fault that can prevent
the desired stimulus. Accordingly, the components of the associated connections
must be configured to provide a robust electrical connection that reduces the
chances of such faults. Additionally, the electrical connections made during a
surgical or percutaneous procedure should be simple so as to be coupled and
decoupled with low insertion/extraction forces, and yet provide acceptable retention
forces. Furthermore, because the connections are implanted in a patient, it is
generally necessary for the connections to be compact so as to reduce patient
discomfort and/or unsightly bulges at the implant site. Prior systems often include
expensive and/or intricate designs to meet the foregoing requirements. Accordingly,
there is a need for a low cost contact assembly that provides a robust and/or reliable
electrical connection and yet allows a simple, low force coupling/decoupling

procedure.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a partially schematic illustration of an implantable spinal cord
modulation system positioned at a patient's spine to deliver therapeutic signals in

accordance with an embodiment of the present technology.

[0007] Figure 2 is a semi-transparent isometric view of a conductor assembly

configured in accordance with a further embodiment of the present technology.
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[0008] Figure 3 is a semi-transparent isometric view of a portion of a lead
extension having a patient implantable element configured in accordance with yet

another embodiment of the present technology.

[0009] Figure 4 is a semi-transparent isometric view of a portion of an
implantable pulse generator having a plurality of receiving elements configured in

accordance with still a further embodiment of the present technology.

[0010] Figure 5 is an isometric view of a contact assembly having a housing
and a contact configured in accordance with another embodiment of the present

technology.

[0011] Figure 6A is an isometric view of the contact of Figure 5 having a
plurality of leaf spring portions in accordance with still another embodiment of the

present technology.

[0012] Figure 6B is an isometric view of a contact having a plurality of leaf

spring portions in accordance with another embodiment of the present technology.

[0013] Figure 7 is an isometric view of a contact assembly having a housing
with protruding rims configured in accordance with a further embodiment of the

present technology.
[0014] Figure 8 is a cross-sectional view of the contact assembly of Figure 7.

[0015] Figure 9 is a cross-sectional view of a swaged contact assembly

configured in accordance with another embodiment of the present technology.

[0016] Figure 10 is a cross-sectional view of a contact assembly having a
crimped contact configured in accordance with yet another embodiment of the

present technology.

[0017] Figure 11 is a cross-sectional view of a contact having angled leaf spring

portions in accordance with an embodiment of the present technology.
DETAILED DESCRIPTION

[0018] The present technology is directed generally to contact assemblies for
medical devices, and more specifically to contact assemblies for implantable
neurological stimulation systems. At least some embodiments of the present

technology include contact assemblies having housings that carry leaf spring
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portions. The leaf spring portions can be shaped in various manners (e.g., arcuate,
curved, angled) that provide a flexible and secure connection with other device
components, including leads and lead extensions. In other embodiments, the
devices, systems and associated methods can have different configurations,
components, and/or procedures. Still other embodiments may eliminate particular
components and/or procedures. A person of ordinary skill in the relevant art,
therefore, will understand that the present technology, which includes associated
devices, systems, and procedures, may include other embodiments with additional
elements or steps, and/or may include other embodiments without several of the
features or steps shown and described below with reference to Figures 1-11.
Several aspects of overall systems configured in accordance with the disclosed
technology are described with reference to Figures 1-4, and features specific to

certain contact assemblies are then discussed with reference to Figures 5-11.

[0019] Figure 1 schematically illustrates a representative patient system 100 for
providing relief from chronic pain and/or other conditions, arranged relative to the
general anatomy of a patient's spinal cord 191. The overall patient system 100 can
include a signal delivery device 110, which may be implanted within a patient 190,
typically at or near the patient's spinal cord midline 189, and coupled to a pulse
generator 101. The signal delivery device 110 carries features for delivering therapy
to the patient 190 after implantation. The pulse generator 101 can be connected
directly to the signal delivery device 110, or it can be coupled to the signal delivery
device 110 via a signal link or lead extension 102. In a further representative
embodiment, the signal delivery device 110 can include one or more elongated
lead(s) or lead body or bodies 111. As used herein, the terms "lead" and "lead body"
include any of a number of suitable substrates and/or support members that carry
devices for providing therapy signals to the patient 190. For example, the lead or
leads 111 can include one or more electrodes or electrical contacts that direct
electrical signals into the patient's tissue, such as to provide for patient pain relief. In
other embodiments, the signal delivery device 110 can include structures other than
a lead body (e.g., a paddle) that also direct electrical signals and/or other types of
signals to the patient 190.

[0020] The pulse generator 101 can transmit signals (e.g., electrical signals) to

the signal delivery device 110 that up-regulate (e.g., stimulate or excite) and/or
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down-regulate (e.g., block or suppress) target nerves. As used herein, and unless
otherwise noted, the terms "modulate” and "modulation” refer generally to signals
that have either type of the foregoing effects on the target nerves. The pulse
generator 101 can include a machine-readable (e.g., computer-readable) medium
containing instructions for generating and transmitting suitable therapy signals. The
pulse generator 101 and/or other elements of the system 100 can include one or
more processors 107, memories 108 and/or input/output devices. Accordingly, the
process of providing modulation signals, providing guidance information for locating
the signal delivery device 110, and/or executing other associated functions can be
performed by computer-executable instructions contained by computer-readable
media located at the pulse generator 101 and/or other system components. The
pulse generator 101 can include multiple portions, elements, and/or subsystems
(e.g., for directing signals in accordance with multiple signal delivery parameters),
carried in a single housing, as shown in Figure 1, or in multiple housings.

[0021] In some embodiments, the pulse generator 101 can obtain power to
generate the therapy signals from an external power source 103. The external
power source 103 can transmit power to the implanted pulse generator 101 using
electromagnetic induction (e.g., RF signals). For example, the external power
source 103 can include an external coil 104 that communicates with a corresponding
internal coil (not shown) within the implantable pulse generator 101. The external

power source 103 can be portable for ease of use.

[0022] During at least some procedures, an external programmer 105 (e.g., a
trial modulator) can be coupled to the signal delivery device 110 during an initial
procedure, prior to implanting the pulse generator 101. For example, a practitioner
(e.g., a physician and/or a company representative) can use the external
programmer 105 to vary the modulation parameters provided to the signal delivery
device 110 in real time, and select optimal or particularly efficacious parameters.
These parameters can include the location from which the electrical signals are
emitted, as well as the characteristics of the electrical signals provided to the signal
delivery device 110. In a typical process, the practitioner uses a cable assembly 120
to temporarily connect the external programmer 105 to the signal delivery device
110. The practitioner can test the efficacy of the signal delivery device 110 in an

initial position. The practitioner can then disconnect the cable assembly 120 (e.g., at
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a connector 122), reposition the signal delivery device 110, and reapply the electrical
modulation. This process can be performed iteratively until the practitioner obtains
the desired position for the signal delivery device 110. Optionally, the practitioner
may move the partially implanted signal delivery element 110 without disconnecting
the cable assembly 120. Furthermore, in some embodiments, the iterative process
of repositioning the signal delivery device 110 and/or varying the modulation

parameters, may not be performed.

[0023] The pulse generator 101, the lead extension 102, the external
programmer 105 and/or the connector 122 can each include a receiving element
109. Accordingly, the receiving elements 109 can be patient implantable elements,
or the receiving elements 109 can be integral with an external patient treatment
element, device or component (e.g., the external programmer 105 and/or the
connector 122). The receiving elements 109 can be configured to facilitate a simple
coupling and decoupling procedure between the signal delivery device 110, the lead
extension 102, the pulse generator 101, the external programmer 105 and/or the

connector 122, as will be described further below.

[0024] After a trial period with the external programmer 105, the practitioner can
implant the implantable pulse generator 101 within the patient 190 for longer term
treatment. The signal delivery parameters provided by the pulse generator 101 can
still be updated after the pulse generator 101 is implanted, via a wireless physician's
programmer 117 (e.g., a physician's remote) and/or a wireless patient programmer
106 (e.g., a patient remote). Generally, the patient 190 has control over fewer

parameters than does the practitioner.

[0025] Figure 2 is a semi-transparent isometric view of a conductor assembly
200 configured in accordance with a further embodiment of the present technology.
In the illustrated embodiment, the conductor assembly 200 includes multiple ring-
shaped conductors 202, e.g. eight conductors 202 identified individually as
conductors 202a-202h. The conductors 202a-202h are electrically connected to
wires 204, identified individually as wires 204a-204h, respectively. The conductor
assembly 200 can be positioned at (e.g., integral with) a proximal end of several of
the components of the patient system 100 described above with reference to Figure
1. For example, the conductor assembly 200 can be integral with any of the signal
delivery devices 110 described above, e.g., the leads 111. In such an embodiment,
6
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the wires 204 electrically connect individual conductors 202 to corresponding

electrodes carried by the lead 111.

[0026] In another embodiment, the conductor assembly 200 can be positioned
at (e.g., integral with) a proximal end of the lead extension 102 (Figure 1). In such
an embodiment, the wires 204 electrically connect the individual conductors 202 to
corresponding contact assemblies carried by a distal end of the lead extension 111,
as will be described further below with reference to Figure 3. The conductor
assembly 200 further includes a fastening ring 206 and a sealing ring 208. The
fastening ring 206 and the sealing ring 208 can engage with features of the receiving
elements 109 (Figure 1) to secure and seal a coupling between the conductor

assembly 200 and one of the individual receiving elements 109.

[0027] As described above with reference to Figure 1, the implantable pulse
generator 101, the connector 122 and the lead extension 102 can include receiving
elements 109 for connection to the signal delivery device 110 or the lead 111.
Figure 3 is a semi-transparent isometric view of a distal end portion of the lead
extension 102 having a connector assembly or receiving element (e.g., a patient
implantable element 300) configured in accordance with another embodiment of the
present technology. In the illustrated embodiment, the patient implantable element
300 includes a passageway or receiving cavity 312 and a plurality of contact
assemblies 302 (identified individually as contact assemblies 302a-302h). The
contact assemblies 302 can be arranged in a linear manner from proximate a first
end 301 of the patient implantable element 300 (e.g., a first end of the receiving
cavity 312) to proximate a second end 303 of the patient implantable element 300
(e.g., a second end of the receiving cavity 312). Although the illustrated embodiment
includes the contact assemblies 302 arranged linearly, in other embodiments the
contact assemblies 302 can be arranged in a curvilinear or nonlinear manner. In the
illustrated embodiment, the contact assemblies 302 are molded in place in the
patient implantable element 300. In other embodiments, the contact assemblies 302
can be attached to the lead extension 102 by other means. For example, the contact
assemblies 302 can be press fit, screwed, strapped or otherwise fastened to the lead
extension 102.

[0028] The contact assemblies 302a-302h are operably coupled to
corresponding wires 304, identified individually as wires 304a-304h, respectively.
7
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Although not shown in Figure 3, the proximal end portion of the lead extension 102
can include the conductor assembly 200 of Figure 2. Accordingly, the wires 304 can
connect individual contact assemblies 302 to corresponding conductors 202 of the
conductor assembly 200. Additionally, although the illustrated embodiment includes
the patient implantable element 300 as part of the lead extension 102, in other
embodiments, the patient implantable element 300 can be part of (e.g., integral with)

other components or devices.

[0029] The patient implantable element 300 further includes a securing block
306 having an opening 308 that extends into the receiving cavity 312. The patient
implantable element 300 can be configured to receive the conductor assembly 200
(Figure 2) of the lead 111 (Figure 1). Referring to Figures 2 and 3, together, when
the conductor assembly 200 is fully inserted into the receiving cavity 312, each of the
conductors 202a-202h align with, and are engaged by, a corresponding contact
assembly 302a-302h, respectively. A set screw (not shown), or other fastening
device (e.g., another Ieaf_ spring), can be inserted in the opening 308 to engage the
fastening ring 206 (Figure 2) and securely fasten the conductor assembly 200 to the
patient implantable element 300. The patient implantable element 300 can
encapsulate the wires 304 and the contact assemblies 302 and can include a sealing
chamber 314. The sealing chamber 314 can be at least partially defined by a
concave surface 315 that extends radially outwardly from the receiving cavity 312.
The sealing ring 208 (Figure 2) of the conductor assembly 200 (Figure 2) can be
compressively fit within the sealing chamber 314 to form a tight seal and reduce or

eliminate the ability of fluids to enter the receiving cavity 312.

[0030] Figure 4 is a semi-transparent isometric view of a portion of the
implantable puise generator 101 having multiple receiving elements 400, e.g., a first
receiving element 400a and a second receiving element 400b, configured in
accordance with still a further embodiment of the present technology. The receiving
elements 400 provide for multiple lead extensions 102 or multiple signal delivery
devices 110 (e.g., leads 111) to be connected to the implantable pulse generator
101. Similar to the patient implantable element 300, the receiving elements 400
include a plurality of contact assemblies 302 that are operably coupled to conducting
wires 404 and can be molded in place or otherwise fastened to the first receiving

element 400a or the second receiving element 400b. The first receiving element
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400a further includes a first receiving cavity 412a, and a first receiving block 406a
having a first opening 408a, each of which functions in a manner generally similar to
those described above with reference to Figures 2 and 3. Similar to the first
receiving element 400a, the second receiving element 400b includes a second
receiving cavity 412b and a second receiving block 406b having a second opening
408b.

[0031] As described above, the contact assemblies 302 of Figures 3 and 4 can
be configured to engage the conductors 202 of the conductor assembly 200 (Figure
2). Figure 5is an isometric view of an individual contact assembly 302 having a ring-
shaped or annular housing 502, a contact 504, and a weld joint 506 configured in
accordance with an embodiment of the present technology. The housing 502 further
includes an inner surface 510 defining, at least in part, a cylindrical opening 508,
which contains the contact 504. The housing 502 can be partially or entirely
electrically conductive and the weld joint 506 can operably couple the contact 504 to
the housing 502.

[0032] Figure 6A is an isometric view of the contact 504 shown in Figure 5. In
the illustrated embodiment, the contact 504 is shaped like an open cage, and
includes a plurality of semi-elliptical springs or leaf spring portions 602, a first ring
portion 604a having a first circumferential opening 607a, and a second ring portion
604b having a second circumferential opening 607b. The leaf spring portions 602
extend from the first ring portion 604a to the second ring portion 604b and bow
inwardly or have an inward offset toward the center of the contact 504. The ring
portions 604 and the plurality of leaf spring portions 602 define, at least in part, an
opening 608, and the arcuate shapes of the bowed leaf spring portions 602 provide
an axially varying diameter for the opening 608. For example, the opening 608 can
have a first diameter 610 at the ring portions 604 and a second diameter 612 at a
midpoint of the leaf spring portions 602 between the ring portions 604. Although the
illustrated embodiments include the housing 502 and the contact 504 having circular
openings 508 and 608, respectively, in other embodiments, the openings 508 and

608 can be in other shapes, e.g., elliptical.

[0033] The illustrated embodiment of the contact 504 includes six individual leaf

spring portions 602. In other embodiments, contacts can include additional or fewer

leaf spring portions 602. For example, Figure 6B is an isometric view of a contact
9
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605 that includes ten individual leaf spring portions 602. By properly selecting the
number and/or the width of the leaf spring portions 602, contacts can be made to
have different compressive tendencies that provide corresponding different individual

coupling and decoupling properties.

[0034] The contact 504 can be fabricated (e.g., by casting, stamping or other
suitable processes) from a variety of metals or metal alloys. For example, in some
embodiments, the contact 504 includes MP35N, stainless steel, titanium and/or a
platinum/iridium alloy such as 80/20 or 90/10 Ptir. Similarly, the housing 502 can
also be constructed of metals or metal alloys, including MP35N, stainless steel
and/or titanium. Additionally, the contact 504 and the housing 502 can each be
formed from one continuous piece of metal that is cast or fabricated into the finished
form. For example, fabrication methods for the contact 504 and/or the housing 502
can include the use of a computer numerical control (CNC) machine to shape stock
metal or metal alloys. Additionally, the contact 504 can be formed from a piece of
metal in a multi-step process. First, the piece of metal can be stamped to form a
blank. Portions of the blank can then be removed to form a cage that can be roll-
bended to form a ring cage. The ring cage can then be bent to form a series of leaf
springs and heat treated to impart desired characteristics to the finished contact. In
other embodiments, the multi-step process can include less than all of the foregoing

steps, e.g., any suitable combination of the foregoing steps.

[0035] Referring to Figures 2, 5, and 6A together, the conductors 202 (Figure 2)
can be configured to have a diameter smaller than the first diameter 610 and larger
than the second diameter 612 of the opening 608 (Figure 6A). In operation, an
individual conductor 202 of the conductor assembly 200 can be inserted into the
opening 608. The individual conductor 202 proceeds into the opening 608 and
engages the leaf spring portions 602 (Figure 6A), flexing the leaf spring portions 602
outwardly. Flexing or deforming (e.g., plastically deforming) the leaf spring portions
602 creates a compressive force that keeps the leaf spring portions 602 firmly
pressed against or engaged with the individual conductor 202. The firm physical
contact between the conductor 202 and the leaf spring portions 602 creates a robust
mechanical and electrical connection between the conductor 202 and the metal

contact assembly 302 (Figure 5). Accordingly, electrical current can reliably flow
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from the housing 502 (Figure 5) to the contact 504 (Figures 5 and 6), and to the
conductor 202.

[0036] Although the contact assembly 302 of Figure 5 includes a weld joint 506
between the contact 504 and the housing 502, other embodiments can have other
arrangements for coupling the contact to the housing. Figure 7 is an isometric view
of a contact assembly 700 having a housing 702 with inwardly protruding rims 704
(identified individually as a first protruding rim 704a and a second protruding rim
704b) configured in accordance with a further embodiment of the present
technology. The protruding rims 704 extend toward the center of an opening 706 in
the housing 702 and can contain, capture or hold the contact 504 within the housing.
Figure 8 is a cross-sectional view of the contact assembly 700 along the line 8-8 of
Figure 7. The contact 504 can be compressed, making the diameter 610 at the rings
604 smaller than a diameter 802 of the opening 706 at the protruding rims 704. In
this manner, the contact 504 can be inserted into the housing 702 from either above
or below. For example, while compressed, the contact 504 can be pushed into the
opening 706 from above until both rings 604 are past the protruding rim 704a. The
contact 504 subsequently expands, such that the diameter 610 at the rings 604 is
greater than the diameter 802 at the protruding rims 704. The contact 504 is théreby
contained within the housing 702. Additionally, the housing 702 can have an interior
diameter 806 that is smaller than the diameter 610 at the rings 604 when the contact
504 is in a "relaxed" state. In this manner, the housing 702 can keep the contact 504
slightly compressed to help maintain a robust physical coupling between the contact
504 and the housing 702.

[0037] In the illustrated embodiment, the contact 504 abuts the protruding rims
704. When a conductor 202 (Figure 2) is inserted into the contact assembly 700, the
leaf spring portions 602 flex outwardly. Flexing the leaf spring portions 602 causes
the contact 504 to exert pressure against the protruding rims 704. The protruding
rims 704 hold the contact 504 in place, increasing the compression in the leaf spring
portions 602, and further securing the contact 504 in the housing 702. In other
embodiments, a gap can be present between the contact 504 and one or more of the
protruding rims 704. In such an embodiment, inserting a conductor 202 into the
contact assembly 702 can expand the contact 504 along an insertion axis 804, in

addition to flexing of the leaf spring portions 602. Even with room for such an axial
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expansion, the contact 504 maintains a snug fit with the housing 702 through the
radial compressive force in the leaf spring portions 602. Accordingly, the contact
504 can be designed to provide for secure contact with an inserted conductor 202

with or without expanding the contact 504 along the insertion axis 804.

[0038] In a further embodiment, a contact assembly can be swaged or
compressed to provide a secure connection between the contact and the housing.
Figure 9 is a cross-sectional view of a contact assembly 900 configured in
accordance with another embodiment of the technology. The contact assembly 900
includes a housing 902 and a contact 904. The housing 902 can be swaged along a
first circumference 906a and a second circumference 906b creating a first exterior
deformation 908a and a second exterior deformation 908b, respectively. The
swaging also creates a first interior deformation 910a and a second interior
deformation 910b. The first interior deformation 910a and the second interior
deformation 910b can compress and/or otherwise engage the contact 904, securing
the contact 904 within the housing 902 and creating a solid coupling between the
contact 904 and the housing 902.

[0039] Contact assemblies in accordance with other embodiments can include
components that are crimped to secure and couple the contact to the housing.
Figure 10 is a cross-sectional view of a contact assembly 1000 having a crimped
contact 1004 secured to a housing 1002. A folded first ring 1006a and a folded
second ring 1006b can be formed by crimping or bending the contact 1004. In the
illustrated embodiment, the contact 1004 engages the housing 1002 along a first
surface 1008a, a second surface 1008b, and an interior surface 1010. In other
embodiments, the contact 1004 can be constructed and crimped to engage more or
less of the housing 1002. For example, the contact 1004 can be constructed and
crimped to only engage the housing 1002 along the first and second surfaces 1008a
and 1008b. In still other embodiments, the contact 1004 and/or the housing 1002
can be crimped in other manners to couple the housing 1002 and the contact 1004.

[0040] In still another embodiment, a contact can include angular leaf spring

portions. Figure 11 is a cross-sectional view of a contact 1104 configured in

accordance with another embodiment of the present technology. Similar to the

contacts 504 and 605 of Figures 6A and 6B, the contact 1104 includes a plurality of

leaf spring portions 1106. However, the leaf spring portions 1106 are angled
12
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inwardly, rather than having a curved or arcuate shape. The angled leaf spring
portions 1106 function in a manner generally similar to that described above with
reference to the leaf spring portions 602 of Figures 6A and 6B. Accordingly,
contacts in accordance with the present technology can include leaf spring portions

having a variety of shapes and configurations.

[0041] From the foregoing, it will be appreciated that specific embodiments of
the disclosed technology have been described herein for purposes of illustration, but
that various modifications may be made without deviating from the technology. For
example, rather than rings or cages having circumferential openings, the contacts
can be closed rings or cages. Other materials may be used in place of those
described herein, or additional components may be added or removed. For
example, although the illustrated embodiments include six or ten leaf spring portions
that are equally spaced circumferentially around a contact, other embodiments may
use fewer or additional leaf spring portions, or a different pattern. Furthermore,
although the illustrated embodiments include patient implantable elements, receiving
elements, and conductor assemblies having eight individual contact assemblies or
conductors, other embodiments may include more or less contact assemblies or

conductors.

[0042] Contact assemblies having contacts and/or housings in accordance with
the present technology may be configured to be coupled by methods in addition to
those described above. Such methods can include soldering, brazing, and/or other
coupling methods. Moreover, while various advantages and features associated
with certain embodiments have been described above in the context of those
embodiments, other embodiments may also exhibit such advantages and/or
features, and not all embodiments need necessarily exhibit such advantages and/or
features to fall within the scope of the technology. Accordingly, the disclosure and
associated technology can encompass other embodiments not expressly shown or

described herein.
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CLAIMS

|/We claim:

1. An electrically powered medical device, comprising:
a patient implantable element having a receiving cavity; and
at least one contact assembly positioned in the receiving cavity, the contact
assembly comprising:
a housing having an annular shape with an inner surface defining at
least in part an opening; and
a contact disposed at least partially within the opening, the contact

having a plurality of leaf spring portions.

2. The electrically powered medical device of claim 1 wherein the contact
includes a first ring portion and a second ring portion, the first ring portion and the

second ring portion including circumferential openings.

3. The electrically powered medical device of claim 1 wherein the contact
includes a first ring portion and a second ring portion, the first ring portion, the
second ring portion and the plurality of leaf spring portions comprising one

continuous piece of metal.
4. The electrically powered medical device of claim 1 wherein the contact
includes a first ring portion and a second ring portion, and wherein at least one of the

first ring portion and the second ring portion is welded to the housing.

5. The electrically powered medical device of claim 1 wherein the housing

and the contact are joined by a crimped joint.

6. The electrically powered medical device of claim 1 wherein the housing

and the contact are joined by a swaged joint.
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7. The electrically powered medical device of claim 1 wherein the housing
further includes at least one protruding rim that extends inwardly into the opening,
and wherein the contact is press fit into the opening and the rim at least partially

secures the contact.

8. The electrically powered medical device of claim 1, further comprising

a conducting wire operably coupled to the housing.

9. The electrically powered medical device of claim 1, further comprising
an implantable pulse generator, and wherein the patient implantable element is

carried by the implantable pulse generator.

10.  The electrically powered medical device of claim 1, further comprising
a lead extension, and wherein the patient implantable element is carried by the lead

extension.

11. A contact assembly for electrically coupling medical device
components, the contact assembly comprising:
a ring shaped housing having an opening; and
a metal cage disposed at least partially within the opening, the metal cage
comprising:
a first ring portion;
a second ring portion; and
a plurality of spring portions extending from the first ring portion to the
second ring portion, with individual spring portions having an

inward offset.
12.  The contact assembly of claim 11 wherein the spring portions have a

curved shape and the curved shape at least partially defines the inward offset of the

spring portions.
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13.  The contact assembly of ciaim 11 wherein the spring portions have an
angular shape and the angular shape at least partially defines the inward offset of

the spring portions.

14. A medical device, comprising:

an electrical patient treatment element having a receiving cavity;

a plurality of contact assemblies disposed sequentially from proximate a first
end of the receiving cavity to proximate a second end of the receiving
cavity, individual contact assemblies comprising:

a housing having an annular shape with an inner surface at least
partially defining an opening; and

a contact positioned in the opening and having a first ring portion, a
second ring portion and a plurality of leaf spring portions
extending between the first ring portion and the second ring
portion; and

a plurality of conducting wires, individual conducting wires operably coupled to

corresponding individual contact assemblies.

15. The device of claim 14, further comprising a sealing chamber
proximate the first end of the receiving cavity, the sealing chamber including a

concave surface positioned radially outwardly from the receiving cavity.

16.  The device of claim 14, further comprising a securing block proximate
the first end of the receiving cavity, the securing block having an opening extending

into the receiving cavity.

17. A method for forming a medical device, the method comprising:

forming an electrical patient treatment element having a receiving cavity;

forming a plurality of annular-shaped housings, individual housings having
openings disposed around an axis;

forming a plurality of contacts, individual contacts having a plurality of leaf

spring portions;

16
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positioning individual contacts in the openings of individual annular-shaped
housings with the leaf spring portions arranged around the axis; and

positioning the plurality of annular-shaped housings in the receiving cavity.

18.  The method of claim 17, wherein forming the contact includes casting

the contact.

19.  The method of claim 17 wherein forming the contact includes:
stamping a piece of metal to form a blank;

removing portions of the blank to form a cage;

roll bending the cage to form a ring cage;

bending the ring cage to form a series of leaf spring portions; and

heat treating the ring cage.

20. The method of claim 17 wherein positioning individual contacts in the
openings of individual annular-shaped housings includes compressing individual
contacts, positioning individual contacts in the openings, and allowing the individual

contacts to expand.
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