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CONNECTOR ASSEMBLY WITH INTERNAL SEALS
AND MANUFACTURING METHOD
TECHNICAL FIELD
The invention relates generally to implantable medical device connector
assernblies and in particidar o a device connector assembly including inlemsl seals and an

associated method of manulacture

BACKGROUND

Electrical connectors dnd other similar electrical components often include
electrical conductors embedded within an insulating block to isolate the conductor from
the surrounding spyvironment, HEmbedding the conductor within a block profecis the
conductor rom damage, and also prevents the delivery of an enintended electrical shock,
Electrical isolation s particularly important when the connector is to be coupled 1o an
implantable medical device such as a pacemaker or defibrillgtion system, Electrical
connector assemblies are coupled to a hermetically sealed housing of an implantable
medical device that encloses internal circuitey such as a hybrid circuit board and one or
more batteries. Such a medical device connector assenbly is adapted for receiving
medical leads used with the implantable medical device.

Methods for forming electrical conneclor assemblies having conductoss embedded
within an insulating block may include injection molding lechriques or thermoset casting
techniques. An improved method for forming an implantable medical device comector
assembly with embedded conductors is generally disclosed in 1.8, Pai. No. 6,817,903
(Zart et al), hereby incorporaled herein by reference in its entirety. The method generally
mcludes forming a core portion using either an injection molding process or & machining
process. The core portion is fitted with elecizically conductive components and subnitted
lo a subsequent ovenmold process in which a second shot of thermoplastic matesial is
injected imto the wold. This improved process allows complex connecior structares to be
manufactured in a fast production cycle.

In the implantable medical device industry, standards have been developed for lead
connector assemblies which are adapted to mate with the device connector assembly. In

past practice, lead connecior assemblies have included sealing members positioned around
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insulating structures located hetween lead connector terminals. The ssaling members
prevent the ingress of body fluids info a connector bore thereby electrically isolaiing the
connactor cireutl elemenis. Togress of body fluids may otherwise lead 1o a short cireuit
between separate connector circudls.

3 A new lead connector assembly industry standard, the 84 connector assembly,
includes four in-line fead terminals that ave separated by insulating stroctores but do not
include sealing members. A device connector assembly adapied to receive the 184 lead
connactor assenmbly should therefore incorporate sealing members 1o provide electrical
isolation of the connector circuits. Such sealing members are typically formed as rings

19 fabricated from a supple, biocompatible material, such as silicone rubber. The sealing
mentbers are adapted to mate with insulating structores of the IS4 lead connector assembly
to forny a fluid-resisiant seal.

The supple sealing members, however, may not withstand high pressure or high
terperaiure processes which may be used during manufacture of the connector gssembly,

15 such as the overmolding process disclosed in the D03 Zart patent. A device connector
assembly that incorporates sealing members for acconunodating lead connsctors without
sealing members and withstands high pressare and/or high temperature manafacturing

processes without compromising the integrity of the connector assembly is therefore

needed.
20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 15 a perspective view of g stacked subassembly of conductive members
separated by sealing members for use in a core element of a device connecior sssembly.
FIG: 2 s a plan view of a proximal lead connector assembly adapted tor use with
23 the stacked subgssembly of FIG. 1.

FIG. 3 is a perspective view of a core element for use in a device connector
assembly according 1o ong embodiment of the invention.
FIG. 4 is a side sectional view of the core element of FIG. 3.
FIG. § 15 a perspective view of the core element of FIG: 4 coapled to a cirouii
30 member 80,
FIG. 6 is a bottom plan view of an alternative embodiment of a core elesnent for

use in a connector assembly.
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FIG, 7 is an exploded, perspective view of an aliernative embodinent of a core
element for use in a device connector assembly.

FIG. § is a perspective view of the assembled core element shown in FIG. 7.

FIG. 9 is a parspective view ol a device connector assembly inchuding a core
element according to one embodimeant of the invention.

FIG. 10 is a pespective view of a completed connector assembly coupled 1o an
implantable medical device.

FIG. 11 is a flow chart summarizing steps included in & method for fabricating a
connector assembly.

FIG. 12 is a flow chart summarizing steps included in an alfemative method for
fabricating & connector asseinbly,

FIG. 13 is a flow chart summarnizing steps included in yet another embodiment of a

method for fabricating a connector assembly.

DETAILED DESCRIPTION

Fn the Following description, references are made to illustrative embodiments for
carrying out the invention, Itis understood that other embodiments may be atilized
without departing from the scope of the invention.

FIG, 1 is a perspective view of a stacked subassembly of conductive members
separated by sealing members. Stacked subasserbly 10 is used in forming a core element
included in an implaniable medical device connecior assembly according 1o one
embodiment of the invention. Stacked subassembly 10 includes an end cap 12, three
connectors 14, 16, and 18, and a set screw block 20, separated by sealing members 24, 26,
28 and 30. Set screw block 20 includes an open end aperture 32 through which & pin
connactor of a lead conneclor assembly may be inserted. Set serew block 26 further
includes a set screw aperture 22 for receiving a set sorew uged for securing the pin
conmector of a lead connector assembly and retain the lead conmector assembly within a
connector bore formed by stacked subassembly 10. Bet screw block 20 serves as a
connector for making electrical contact with the pin connector of a lead connector
assembly. The connectors 14, 16, and 18 may be embodied as nudti-beam contacts, spring
contacts, or auy other elactrical contacts for making electrical connection with lead

connector ferminals that become aligned with connectors 14, 16, and 18 when the lead
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connector assembly is fully inserted into stacked subassembly 10, End cap 12 is provided
with an open receptacte 34 for receiving a lead connector assembly and acts {o lerminate
the stack.

Sealing members 24, 26, 28 and 30 are fabricated from an insulating material to
electricatly isolate connectors 14, 16, I8 and set screw block 20, Sealing members 24, 26,
28 and 30 are typically formed of a compliant material, such as & medical grade silicone
rubber, such that sealing members 24, 26, 28 and 30 form a flutd-resistant seal with
inselating structures of a fead comector assembly. When the lead connector assembly is
fally inserled into stacked subassembly 10, sealing membars 24, 26, 28, and 30 will be
aligned with 1nsulsting strouctures sepatating lead connector sssembly terminale, Sealing
members 24, 26, 28 and 30 will form a Nuid-resistant interface with the insudating
structnres of the lead conngotor assembly.

FIG. 2 18 a plan view of a proximal lead connector assembly adapted for use with
the stacked subassembly of FIG. 1. Lead connector assembly includes a pin comnector
terminal 52 and three ring connector terminals 34, 56, and 58, Bach of terminals 52, 54,
56, and 38 are electrically couplad to respective insulated conductors extending through an
elongated lead body to electrodes generally posittoned along the distal end of the lead
body. The terminals 32, 54, 36, and 58 gre separsted and electrically isolated from one
another by insulating structores 60, 62, 64, and 66. Lead connecior assembly 50 is
commondy referred fo ag an “in-line™ connector agsembiy in conirast o bifurcated
connector assemblies which cany connecior lenminals on separate branches. In past
practice, in-line lead comecctor assemblies typically have included sealing rings along the
insulating structures beiween connector terminals for providing g Muid resistant seal
between circuif elements when the lead connector assembly is coupled to an implanted
device, Lesd connector assembly 50 does not inchude such sealing rings. Lead connector
assembly 30 may generally correspond to 154 lead connector assembly, though the present
invention is not linited fo embodiments corresponding only fo the 184 architecturs.

Embodiments of the invention include device connector assemblies adapted to
receive any jn-line lesd connector assembly, particulasdy m-line lead connector assemblies
that do not incorporate sealing rings.

FIG. 3 is a perspective view of a core element for use in a device connector

assembly according 1o one embodiment of the invention. Core element 80 is formead
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during a casting or molding process to encapsulate at least a portion of stacked
subagsembly 10. Core element 8¢ is formed from an adbesive, such as epoxy or another
(hermoset material, and is shown lo be transparent in FIG. 3 for the sake of llustralion.

Connector bore assembly 100 may be fabricated by loading stacked subassembly 10 on a

i

mandrel {(not shown) and positioning stacked subassembly 10 in a mold into which the

core element material is applied. The stacked sabassersbly components may be held in

posttion. daring the molding or casting process by the mandrel. Core element 80 is formed

1 a Jow pressure, low temperature casting process and acts 1o provide external suppott 1o

sealing members 24, 26, 28 and 30 during subsequent manafacturing processes.

19 Subsequent manulscturing processes may tnvolve pressures sudfor temperatares
that would compromise the structural Inteprity of sealing members 24, 26, 38 and 30 if
applied directly thereto without the external support of core element 80, As such, the
material selected for forming core element 80 is generally an adhesive, inchuding
thermosel materinls such as an epoxy, which can be cured wnder low pressure and low

15 temperature conditions to a stronger form which provides the extemal support to sealing
members 24 through 30 needed duwring subsequent manufacturing processes. Core
element R0 may further act 1o retain the stacked components of subasserbly 10 in stable
positions with respect 1o one another,

FIG. 4 is a side sectional view of connector bore sssembly 100, Stacked

20 subassembly 10 forms a central bore 40 having an open receptacle 34 formed by end cap

12, Cenizal bore 40 is adapted 1o receive a lead conpector assembly such as the lead

connector assembly 56 shown 10 FIG. 2. Each of segling members 24, 26, 28, and 30 have

an outer surface 70, 72, 74, 76 and 80 supported by core element 80. Core element 80

provides extemal support to sealing members 24 through 30 daring subsequent

33
o

manufsctuning processes used in forming the final device conngctor assembly. Internal
support may be provided, if needed, fo sealing members 24 through 30 by inserting a
mandral through bore 40 during manufacturing procedures.

As shown in FIG. 4, stacked components may inchude interlocking interfacing
structures for stabilszing the positions of stacked components during the manufacturing
30 process. In the depicted embodiment, end cap 12 is shown having a flange 42 that mates
with a groove 44 provided on sealing member 24. Such tonge-in-groove structures are

shown at each interface between a seating member and an adjacent component. Other
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configurations for mechanically interfacing or interlocking adjacent componenis in
stacked subassembly 10 may be used.
FIG. 3 is a perspective view of the core element of FIG. 4 coupled fo g cirenit

member 90, Cireuit meruber 90 includes multiple conductive fraces 92, 94, 96, and 98,

h

each extending to a respactive connector pad 102, 104, 106, and 108. Connector pads 102
through 108 are used to elecirically couple traces 92 through 98 to circuitry enclosed in an
implantable medical device housing. Individual traces 92 through 98 are electrically
coupled to respeclive conduciive componenis, £.¢., set screw block 20 and connectors 14,
16, and 18, included in stacked subassembly 10. Electrical connection is made between
10 traces 92 through 98 and condactive components 14 fhrough 20, for example, by soldering
or welding.

In one assembly method, stacked subassemibly 10 is assembled, and ciroudt element
93 is welded to conductive components included in stacked subasserbly 10, The stacked

subassembly 10 with circuit element 90 alveady electrically coupled thereto, is placed in a

o)
th

mold. Core element 80 is then formed in alow pressure, low temperatare casting
procedure.

FIG. 6 is a bottom plan view of an alternative embodiment of a core element for
use in a conneclor assembly. Core element 170 is formad with multiple apertures 180
through 186 for receiving individual traces of a circuis element, such as circuit element 90
20 as shown in FIG. 5. Core element 170 may further include positioning structures 160
through 166, such as grooves or channels, to facilitate alignment of circuit element traces
with apertures 180 through 186, Core element 170 [urther includes windows 152 through
158 positioned over each of the conductive components 14, 16, 18 and 20 included in
stacked subassembly 10, Windows 152 through 138 provide access to the conductive

[ 29]
(

: components 14 through 20 after core element 170 is formed, to aliow welding or ofher
electrical coupling methoeds to be applied to conductive components 14 through 20 and
respective fraces inchuded i a circnit element. '

In an alternative assembly method, stacked subasserubly 10is positioned in a
mold, and core element 170 is formed in a low pressure, low temperatare casting

30 procedure to encapsulate at least a portion of stacked subassembly 10. Core element 170

is formed with windows 1532 through 158, apertures 180 through 186 and positioning

structures 160 through 166 during the casting process. After core element 170 has cured,
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individual traces of a circuit element, such as circuit element 90 shown in FIG. 3, are
positioned along positioning structures 160 through 166 and inserted through apertures
180 through 186 untif they are positioned over respeciive conductive elementy 14 through
20 through windows 152 {hrough 158, The individual traces are then welded to respective

5 conductive componenis 14 through 20 throngh windows 152 through 138, Tha connector
bore assembly 150 is then ready for an ovenmolding process or othes high pressure andfor
high temperatare processes ased in fabricating the final connacior assembly.

FIG. 7 is an exploded, perspective view of an aliemnative entbodintent of a core
element for use in a device connector assembly. The core element 200 includes a rigid

19 plastic sleave 210 forming a lumen 212 adapted lor receiving stacked subassembly 260.
Stacked subassembly 260 includes end cap 262 and conductive components 264, 266, 268,
and 270 stacked with inlervening sealing members 280 through 286, For exampla, stacked
sobassembiv 260 includes a set screw block 270 and connectors 264, 266 and 268, End
cap 262 is provided wilh an open receptacle 290 for receiving & lead connector assembly

15 ag described previously.

Skeeve 210 may be fabricated by injection molding a thermoplastic material such
as polverethane. Sleeve 211 inclodes a set screw aperture 216 which becomes aligned
with the set screw aperfure 292 of sel screw block 270 when stacked subassembly 260 is
inserted in steeve 210 throngh lunen 212, Sleeve 210 includes at least ong £l port 214

20 through which an adhesive, such as epoxy or another thermosst material, 15 applied 1o fill
sleeve 210 after stacked subassembly 260 has been positioned within sleeve 210
Sleeve 210 may further mclude structures for accommodsting a circuit element 300,
Circuit element 300 includes muttiple traces 302 through 312 adapted for electrical

coupling lo the conductive componenis 264 through 270 of stacked subassernbly 260 and

+J
]

: any other condactive components 1o be included in a device comecior sssembly. Core
element 200 may be included in a multi~bore connector assembly in which additional
connector bores are formed by conductive elements such as set screw blocks, spring
connectors, or malti-beam convectors. | is recognized that one or more core elomenis
providing support {o sealing members may also be included in a device connector

30 assembly.

I the example shown, circuit element 300 includes a trace 304 lectrically coupled

10 a set screw block 320 and trace 310 electrically coupled 10 a mulii-beam connector 322,
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Set screw block 320 and nwilti-beam connector 322 will be positioned along &
second connector bore in the final device connector asserbly after an overmolding
process is performed as will be deseribed below,

Sleeve 210 is shown having positioning structures 240 through 250 for aligning
and retaining fraces 302 through 312, Traces 302 through 312 are aligned with and will
extend through apertures 220 through 230. Traces 302 through 312 are electrically
coupled to respective conductive components, for example by welding or soldering.
Traces 302, 306, 308 and 312 may be welded to conductive components 264 through 270
of stacked subassembly 260 through windows provided along the boliom side of sleeve
210 (ot visible in the perspective view of FIG. 7). Such windows provide access for
forming a weld joint or other electrical coupling between traces and conductive
components as generatly described in conjunction with FIG. 6.

In an assembly method, stacked subassembly 260 is inserled into sleeve 210.
Circuit element traces 302 through 312 are positionad along positioning structures 240
through 248 and advanced through apertures 220 through 230. Traces 302. 304, 308, and
312 are welded to conductive componeis 278, 268, 266, and 264, respectively, through
windows provided along the boltom side of steeve 210. The core element material is then
injected through fill ports 214n through 214d to encapsidate the outer surfaces of sealing
members 280 through 286 included in stacked subassentbly 260,

FIG. 8 is a perspective view of the assembled core element 2000 Core elament 200
includes sleeve 210 in which the stacked sabassembly 260 (shown in FIG. 7) has been
inseried. An adhesive, such as epoxy or another thermosel material, bas been injected
through £l ports 2144 through 214d to fill plastic sleeve 210 and encapsulate the outer
surface of stacked subassembly 260 at least along the outer surfaces of sealing members
280 through 286. The filled sleeve 210 provides exierior support 1o sealing members 280
through 286 during subsequent high pressure and/or high teniperature manufacturing
processes. Traces 302 through 312 of clreuit glement 300 are aligned along positioning
structures and extend through apertures included in sleeve 210 {shown previously in FIG.
6). Core element 200 and lhe conductive components and sealing members positioned
therein form a connector bore for receiving an in-line lead connector assembly vig

receptacle 290, A second core element 330 is shown formed over the mutti-bean: contact
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322 (shown In FIG. 6} and at least a portion of set screw block 320 to form a second
connector bore 332,

FIG. 9 is a pergpective view of a device conmector assembly including g core
glement according to one embodiment of the invention. Connector assembly 400 is
formed during an overmolding process 1o encapsulate core element 402 and a portion of
circuil member 420, Core element 402 provides external support 1o sealing members
included in a stacked subassembly as described previously. The overmolding process
generally involves loading the core element 402, with circuit element 42¢ appropriately
coupted thereto, into a mold assembly and injecting a thermoplastic material into the mold.
Reference is made to the above~incorporaled *903 Zarl patent for an appropriaie
overmolding process that may be used to form connector assembly 400, Connector
assembly 400 includes a receptacle 406 for receiving & lead connector assembiy when it is
advanced into conpector bore 422, indicated by dash-dot ling, inside core element 402,
Connector assembly 400 may further inclade one or more additional receptacles lor
receiving additional leads in one or more additional comector bores. In the example
shown, connector assembly 400 includes a second receptacie 408 for receiving a lead
inserted into a second connector bore 424,

Counector assembly 400 includes a set screw aperiure 410 for receiving & set screw
advanced mio a set screw block posiiioned along core element 402, Connector assentbly
400 may include additional set screw apertures 412 as needed for recaiving additional set
scraws used for securing lead connector assemblies positioned in other connector boves
424,

FIG. 10 is a perspective view of completed connector assembly 400 coupled to an
implantable medicat device 450, Implantable medical device (IMD) 450 may be a
pacemaker, cardioverter/defibrillalor, nearclogical stimulstor, physiological monitor, or
any other implantable medical device utilizing medical leads. In particular, sealing
members are provided along a core element 402 for creating a fluid-resistant seal with
insulating portions of a lead connector assembly inseried into recepiacle 406. Circnit
element 420, partially encapsulated in connecior assembly 400 is connected lo internat
ctreuitty 452 enclosed in IMD housing 434, Electrical connection botween TMD internal
cireuitry 452 and circuit element 42 is typically made via a feedthrough arcay extending

through hermetically sealed housing 454,
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FIG. 11 is a flow chart summarizing steps included in a method for fabricating a
connector assembly, At block 503, a stacked subassenbly including conductive
componenis separated by sealing members is assembled on 2 mandrel. At block 510 the
stacked subnssembly is placed in a mold, and & thermoset material is applied in alow

5 prassure, low lemperature casting procass to form a corg glement around at least a portion
of the stacked subassembly, including af least the sealing members. At block 529, the core
alement is removed from the mold after caring, The mold used 1o form fhe core element
inciudes siructures for forming circuit element positioning structures and/or apertures and
welding windows in the core element. Individual traces of a circuit element are positioned

10 along posttioning structures, if provided, snd advanced through apertures and alongside

respective conductive components included in the stacked subassembly at block 525, At
biock 330, the individual fraces are welded 1o the respective conductive components
throagh the windows.

The core element is then prepared for an overmolding process for fabricating the

15 final connector assembly. The core element and any other conductor assenibly

components are placed into a mold and a thermoplastic material is njected into the mold
at block 535. The core element is overmolded to Torm the final connector assembly in a
high-pressure and/or high temperature process. At block 540, the circuil element is
trimmed {0 separate and electrically isolate individual cireuits to be included in the final

26 connector assembly.

FIG. 12 is a flow chart summarnizing steps incladed in an altemative method for
fabricating a connector assembly. At block 535, a stacked subassembly including
conductive components separated by sealing members is assembled on a mandrel. Circuit

efement traces are welded or otherwise electrically coupled fo the conductive components

3
(9.5

at block 360, The stacked subassembly is then inserled into a mold and the core element
material is applied in a low pressure, low temperature casting procedure to form a core
element around at least a portion of the stacked subassembly, including at least the sealing
members. After the core alement material has cured, the core element is removed form the
wold at block §75. The core element is then prepared for an overmolding process. At

30 block 380, the core element is overmolded to forny the final comnector assembly as
described above. The circuit element is trimmed at block 385 {0 separate and electsically

isolate individual cirouits 10 be included in the finat connector assambly.
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FIG. 13 is a flow chart summarizing steps included in vet another entbodiment of
a method for fabricating & connector assembly. At block 603, a stacked subassembly
including conductive components separated by sealing members is assembled on a
mandrel. The stacked subassembly is then inserfed into a vigid plastic sleeve at hlock 610
The plastic sleeve includes apertures for receiving individual traces of a circuit element ag
desesibed previously in conjunction with FEG. 7. At block 613, the individual traces of &
circuif element are mserted through the apertures and advanced alongside a respective
conductive component included in the stacked subassamblyv. At block 620, the individual
traces are electrically coapled to the conduclive components, for esample by welding
{trough windows provided in the sleeve.

At bock 6285, the selected core element material is injected into the sleeve through
one or more fill ports to form the core element and encapsulate at feast the sealing
members of the stacked subassembly. After the core eleament material has cured, the core
element is prepared lor an overmolding process. Al block 630, the core element is
overmolded to forny the final connector agsembly as described previously. The cirouit
elament is trimmed at block 635 1o separate and electrically isolate individual cironiis to
be incinded in the final connector assembly.

Thus, a connector assembly incorporating sealing members and method of
fabricating the same have been presented in the foregoing description with reference to
specific ambodiments. 1t is appreciated that various modifications o the referenced
embodiments may be made without departing from the scope of the invention as set forth

in the following claims.
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CLAIMS

1. An implantable medical device commecior assembly, comprising:

a core element,

a plurality of conductive members positioned along the corg element; and

a plurality of sealing members positioned between the conductive members, the plurality
of sealing members having an outer surface supported by the core element,

wherein, the plurality of conductive members and the plurality of sealing members lorm a

bore adapled for receiving a medical fead connector assembly.
P 3

2. The connecior assernbly of claim 1 further including:

an slectrically conductive circult element having a plurality of conductive traces extending
through the core element and electrically coupled to the plurality of conductive traces; and
an overmotd structure formed from a thermoplastic material, the overmold structure
exlending over and adhering {o the core element and af least a portion of the electsically

conductive circuit element.

3. The connecior assembly of claim 2 whersin the core element inclades & plurality of

apertures hrough which the plurality of conductive traces axtend.

4. The connector assembly of claim 1 including a plurality of positioning structurss

extending along the core element.

3. The connector assembly of claim | wherein the core element includes a plurality of

windows positioned over the conductive members,

6. The connector assembly of claim 1 wherein the core element includes a rigid
sleeve.
7. The connector assembly of claim 6 wherein the rigid sleeve includes at least one

il port through which a core element material is delivered,
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8 The connector assesably of claim 1 wherein the plurality of conductive members

and the plurality of sealing members include interfacing structures,

9, The connector assembly of claim 1 wherein the core element being formed from

BPONY.

163, The connector assembly of claim | wherein the bore is adapted for receiving an

184 medical lead connector assembly.

11, Awmethod for manufackiing an implantable medical device connector assembly,
comprising:

assembling a stacked subassembly including a plurality of conductive members separated
by a plurality of seating members;
forming a core element along at least a portion of the stacked subgsserbly including the
phurality of sealing members;

glectrically coupling condnctive traces to the conductive members; and

overmolding the core element in a thermoplastic material.

12, The method of claim 11 wherein electrically coupling conductive traces to the
conductive members includes performing the slectrically coupling through windows

inchuding the core element.

13, The method of claim 11 fiwther including inserting the stacked subassembly in a

slesve and wherein forming the core element includes filling the sleeve with an adhesive.

14, Animplantable medical device system, compiising:

a core elemant,

a plurality of conductive members positioned along the core element; and

a plurality of sealing members positioned between the conductive members, the plurality

of sealing members having an outer swrface supported by the core element,
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wherein the plurality of conductive members and the plurality of sealing members form a

bore adapled for receiving a medical fead connector assembly.

10
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