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Description
TECHNICAL FIELD

[0001] Embodiments are related to implantable medi-
cal devices and connector assemblies for implantable
medical devices. More particularly, embodiments are re-
lated to implantable medical devices and connector en-
closure assemblies that use conductors electrically cou-
pled to feedthrough pins.

BACKGROUND

[0002] Implantable medical devices conventionally in-
clude a connector enclosure where the connectors mate
to medical lead contacts and further include a can that
houses the electrical circuitry. In these conventional de-
vices, a top plate seals the can and exposes feedthrough
pins that extend out of the can. The connector enclosure
sits atop the top plate and receives the feedthrough pins
where they connect to lead frame conductors that inter-
connect the feedthrough pins to the electrical connectors.
Thus, during manufacturing, the feedthrough assembly
is a part of the can assembly and the connector assembly
is then added to complete the device, typically by creating
the electrical connections for the connector assembly
and then forming the connector enclosure over the con-
nections using a polymer.

[0003] Withinthe can ofthe convention medical device,
the feedthrough pins pass through and are bonded to a
filter capacitor that provides a capacitive coupling to the
can to filter out unwanted electromagnetic interference
signals from entering into the device. The feedthrough
pins including a pin dedicated for establishing an electri-
cal ground for the electrical circuitry within the can would
then be laser welded to a feedthrough contact. A flexible
circuit portion interconnects the feedthrough contact to
the circuit board that contains the electrical circuitry of
the device.

[0004] This conventional approach has less appeal as
device designs continue to get smaller. The amount of
space required to bond the feedthrough pins to the filter
capacitor and then bond the feedthrough pins to the un-
derlying feedthrough contact limit the amount of minia-
turization that may occur in the area of the feedthrough
connections within the can. Furthermore, these
feedthrough manufacturing operations require valuable
time and resources to accomplish. In some cases, even
the flexible circuit may be an undesirable cost in terms
of resources and space requirements.

[0005] Connector arrangements are taught in US
2003/0139096, US 7,035,076, WO 2008/100319, WO
2010/117842 and WO 2010/0811309.

SUMMARY

[0006] Embodiments address issues such as these
and others by providing various features related to inter-
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connections of the feedthrough pins to the electrical cir-
cuitry within the can. In one or more embodiments, the
feedthrough pins and filter capacitor may be included in
the manufacture of a connector enclosure assembly that
is subsequently mounted to the can. In particular, em-
bodiments may provide an interconnection of a
feedthrough pin, a filter capacitor, and a conductor in-
tended to extend into the can with an electrically conduc-
tive bonding material such as solder and the bond may
occur as a single event of the manufacturing process.
Embodiments may provide features such as ground pins
that are integral to a base plate of the connector enclo-
sure assembly. Embodiments may provide features such
as a support body that partially contains the conductor
intended to extend into the can. Embodiments may pro-
vide features such as an internal ground plate within the
filter capacitor that establishes an interconnection to the
ground pin. Embodiments may provide features such as
a protective body that attaches to the connector enclo-
sure assembly during a period prior to attachment of the
assembly to the can to enclose and protect the conductor
thatisintended to extend into the can. Embodiments may
provide conductors attached to a common tab that is later
removed during assembly.

[0007] Embodiments provide an implantable medical
device as defined in claim 1.

[0008] Embodiments provide a method of manufactur-
ing aconnector enclosure assembly as defined in claim 8.

DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1shows animplantable medical system accord-
ing to various embodiments.

FIG. 2 shows an example of implantable medical de-
vice with a portion of a can removed to reveal interior
features.

FIG. 3 shows the implantable medical device with a
connector enclosure removed to further reveal inte-
rior features.

Fig. 4 shows a top view of a base plate and
feedthrough pins of a connector enclosure assembly
of the implantable medical device.

FIGs. 5A and 5B show a bottom view of a base plate,
feedthrough pins, and related conductors of a con-
nector enclosure assembly of the implantable med-
ical device.

Fig. 6 shows a front-to-back cross-sectional view tak-
en through the base plate to reveal a mounting post
of a support body of the connector enclosure assem-
bly.

FIG.7 shows a side-to-side cross-sectional view tak-
enthrough the base plate toreveal anintegral ground
pin of the base plate as well as the feedthrough pins
and related conductors of the support body.

FIG. 8 shows a front-to-back cross-sectional view
taken through the base plate to reveal the intercon-
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nection of the feedthrough pin, related conductor,
and filter capacitor.

Fig. 9 shows a front-to-back cross-sectional view tak-
en through the base plate to reveal the interconnec-
tion of the integral ground pin, related conductor, and
filter capacitor.

FIG. 10 shows the support body and conductors that
pass therethrough.

FIG. 11 shows the filter capacitor and related aper-
tures.

FIG. 12 shows a bottom view of the connector en-
closure assembly with the support body removed to
reveal the filter cap.

FIG. 13 shows a view of the base plate portion of the
connector enclosure assembly with a protective
body attached thereto.

FIG. 14 shows an exploded view of the protective
body.

FIG. 15 shows a front-to-back cross-sectional view
of the base plate and protection body.

FIG. 16 shows a view of the connector enclosure
assembly with the protective body attached thereto.
FIG. 17. shows a view of an embodiment where con-
ductors are joined at a common tab and positioned
for mounting to the feedthrough pins.

FIG. 18 shows a view of the embodiment where the
conductors that are joined at the common tab being
soldered.

FIG. 19 shows an embodiment where washers are
positioned about the feedthrough pins.

FIG. 20 shows the embodiment where the conduc-
tors that are joined at the common tab are positioned
at the washers for mounting to the feedthrough pins.
FIG. 21 shows a connector enclosure assembly with
the conductors soldered in place and the common
tab removed.

FIG. 22 shows the connector assembly being at-
tached to a remainder of a medical device after the
common tab has been removed from the conductors.
FIG. 23 shows a cross-sectional view of an embod-
iment where conductors are joined to feedthrough
pins at a filter capacitor and the filter capacitor in-
cludes a notch.

DETAILED DESCRIPTION

[0010] Embodiments provide implantable medical de-
vices that include various features related to the electrical
connectivity of a connector enclosure assembly contain-
ing electrical connectors to a can that houses electrical
circuitry. For example, the features may include
feedthrough pins that are interconnected to conductors
and filter capacitors via a common electrically conductive
bonding material, where the electrical bond that provides
the interconnection may be done as a single step during
manufacturing. As other examples, the features may in-
clude an integral ground pinin a base plate and/or a filter
capacitor that provides a ground plate that interconnects
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to a ground pin. Other examples include the apertures
within the filter capacitor that receive both the
feedthrough pin and a conductor intended to extend into
the can, where those apertures may have a shape such
as a keyhole, and/or the filter capacitor may include an
asymmetric shape that is received within a matching re-
cess of the base plate. Additional examples include a
protective body that attaches to the base plate to protect
the conductors that are intended to extend into the can
prior to the connector enclosure assembly being mount-
ed to the can. Furthermore, in some embodiments, the
conductors may be attached to a common tab that is later
removed during assembly.

[0011] FIG. 1 shows an implantable medical device
(IMD) system 100 that includes an IMD 102 and an im-
plantable medical lead 104. The IMD 102 may be of var-
ious types, such as a device for producing electrical stim-
ulation and/or for sensing physiological signals for vari-
ous medical applications such as neurological or cardiac
therapy. The implantable medical lead 104 includes a
proximal end 112 of a lead body where a series of elec-
trical contacts 114 are located. Each electrical contact
has a corresponding conductor within the lead body that
extends to a distal end (not shown) where a series of
electrodes are present.

[0012] The implantable medical lead 104 is implanted
into the body with the distal end being routed to a desired
location such that the electrodes contact the tissue of
interest. The proximal end 112 is inserted into a connec-
tor enclosure assembly 106 of the IMD 102 via an entry-
way 110. Within the connector enclosure assembly 106,
electrical connectors make contact with each of the con-
tacts 114. Electrical circuitry within the can 108 provides
stimulation signals and/or monitors for sensed signals by
being electrically connected to the connectors within the
connector enclosure assembly 106. The electrical circuit-
ry is thereby also connected to the electrodes at the distal
end of the implantable medical lead 104 such that the
stimulation signals may be provided to tissue at the elec-
trodes and/or sensed signals may be obtained from the
tissue.

[0013] In this particular example, the can 108 relies on
separate components to create a hermetically sealed en-
closure for the electrical circuitry. Namely, the can 108
relies on a bottom cap 116 that may be welded in place
or may be formed integrally with the can 108 and relies
on a base plate 130 which is shown in FIG. 2 that is a
component of the connector enclosure assembly 106 in
this example. During manufacturing, the connector en-
closure assembly 106 is joined to the can 108 by the
base plate 130 being bonded such as by a weld to the
top edge of the can 108. The can 108, bottom cap 116,
and the connector assembly 106 including the base plate
130 may be made of rigid biocompatible materials such
as various grades of titanium.

[0014] FIG. 2 shows the IMD 102 with one side of the
can 108 removed to reveal inner components. In this ex-
ample, the IMD 102 includes a battery 120 and electrical
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circuitry 122 housing within an isolation cup 118. The
isolation cup 118 may securely hold the components
within the can 108 while isolating the components from
contact with the can 108. The isolation cup 118 may be
constructed of an insulator such as a liquid crystal poly-
mer.

[0015] In this particular example, the electrical circuitry
122includes electrical contact pads 124. Conductors 126
that extend from the connector enclosure assembly 106
align with and are bonded to the electrical contact pads
124 such as by soldering or a spot weld or the like during
assembly of the IMD 102. As discussed in more detail
below, these conductors 126 provide electrical connec-
tivity between the electrical circuitry 122 and feed through
pins, where the feedthrough pins provide electrical con-
nectivity to the electrical connectors within the connector
enclosure assembly 106.

[0016] As the conductors 126 extend from the
feedthrough pins 136 to the contact pads 124 in this ex-
ample, there is no need for a flexible circuit to provide
the interconnection. Accordingly, the structure for inter-
connecting the flexible circuit to the feedthrough pins is
omitted.

[0017] The conductors 126 pass through a support
body 128 that is affixed to the underside of the base plate
130. The supportbody 128 holds the conductors in proper
positioning for interconnection to the feedthrough pins of
the connector enclosure assembly 106 and also in proper
position for bonding to the contact pads 124 of the elec-
trical circuitry 122 within the can 108. The support body
128 is discussed in more detail below with reference to
FIG. 10. A discussion of the assembly of the device 102
is also discussed in more detail below.

[0018] FIG. 3 shows the IMD 102 with the connector
enclosure removed to reveal the set of electrical connec-
tors 132, a set screw 134, and feedthrough pins 136. The
connector enclosure which has been removed may be
constructed of a polymer that is molded over the compo-
nents shown in FIG. 3 or may be machined from a metal.
Forexamples where the connector enclosure is machine
from metal, passageways are include that allow the
feedthrough pins 136 to avoid contact with the metal en-
closure walls, while the set of connectors 132 are sur-
rounded by an insulator separating the connectors 132
from the metal enclosure walls. Furthermore, the interior
of the connector enclosure may be filled with an insulator
such as a silicone to further insulate conductors from the
metal enclosure. In this particular example, the
feedthrough pins extend up to the connectors 132 and
make electrical connection with the connectors 132. It
will be appreciated that in other examples, there may be
an intervening electrically conductive structure to inter-
connect the feedthrough pins 136 and the connectors
132.

[0019] FIG. 4 shows a top view of the connector en-
closure assembly with the connector enclosure and the
connectors 132 removed to reveal the top of the base
plate 130. The feedthrough pins 136 can be seen rising

10

15

20

25

30

35

40

45

50

55

from apertures 138 within the base plate 130. These ap-
ertures 138 may include a ferrule 140 or other similar
structure that includes an insulator 141 such as a non-
conductive polymer which surrounds the feedthrough pin
136 to support the feedthrough pin within the aperture
138, create a seal between the feedthrough pin 136 and
the base plate 130, and to isolate the feedthrough pin
136 from contact with the base plate 130.

[0020] In FIG. 4, the insulator material 141 has been
removed to reveal a filter capacitor 146 that lies under-
neath the base plate 130. The filter capacitor 146 may
be used to provide a filtered feedthrough by including
capacitively coupled plates, where the interconnected
feedthrough pin 136 and conductor 126 are capacitively
coupled to ground to remove EMI signals from entering
device. This capacitive coupling is discussed in more de-
tail below.

[0021] Thefilter capacitor 146 has an aperture 142 that
allows the feedthrough pin 136 to pass through. In this
particular example, the aperture 142 also includes a re-
gion 144 that allows the conductor 126 to enter into the
aperture 142 such that the feedthrough pin 136 and con-
ductor 126 are adjacent within the aperture 142. In this
particular example, the region is smaller than the portion
of the aperture 142 where the feedthrough pin 136 pass-
es such that the aperture 142 has a keyhole shape.
[0022] The conductor 126 and the feedthrough pin 136
are in the vicinity of one another as well as in the vicinity
of the aperture 142. In this particular example, both the
conductor 126 and the feedthrough pin 136 are present
within the aperture 142. Because the conductor 126 and
the feedthrough pin 136 are in the vicinity of one another
and in the vicinity of the aperture 142, the conductor 126
and the feedthrough pin 136 may be bonded together as
well as to the filter capacitor 146 via a single bonding
event, as opposed to a separate bonding event for the
conductor and a separate bonding even for the
feedthrough pin. Furthermore, the non-ground capacitor
plates within the filter capacitor 146 may be present at
the non-ground aperture 142 such that the bond may
also occur with the non-ground capacitor plates as shown
below in FIG. 8. Thus, a single bonding event creates an
electrical connection among the feedthrough pin 136, the
conductor 126, and the non-ground capacitor plate of the
filter capacitor 146 while creating a physical connection
among feedthrough pin 136, conductor 126, and filter
capacitor 146.

[0023] The filter capacitor 146 may be a ceramic ma-
terial with conductive layer within to provide the capaci-
tance. The aperture 142 may have a border such as sil-
ver-palladium or Ni-Au plating or the like sputtered or
otherwise attached to the ceramic about the aperture 142
so that an electrically conductive bonding material may
be used to bond the conductor 126, the feedthrough pin
136, and the filter capacitor 146 together. For example,
a solder joint 148 may be created at the junction of the
conductor 126, the feedthrough pin 136, and the filter
capacitor 146.
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[0024] FIGS. 5A and 5B show the underside of the
base plate 130 with the connector enclosure assembly
106 being free from the can 108. A solder joint 148 is
present at the junction of a conductor, a pin, and the filter
capacitor 146. The filter capacitor 146 itself may be me-
chanical and electrically bonded to the base plate 130
via a bonding material 150, such as solder where the
edge of the filter capacitor has a metal sputtered in place
or otherwise attached to the ceramic such that the bond-
ing material 150 such as solder bonds to the filter capac-
itor 146 and to the base plate 130.

[0025] FIG. 5A shows the underside prior to the bond
being created among the feedthrough pin 136, conductor
126, and filter capacitor 146. The bonding material, such
as solder, may have a preformed shape. In this example,
the preformed shape 149 includes a split where the con-
ductor 126 is positioned prior to heating the preformed
shape 149. Upon heating, the preformed shape 149 be-
comes the bonded material 148 of FIG. 5B.

[0026] Forpurposes ofillustration, in FIG. 5B the solder
is omitted for one of the junctions of the feedthrough pin
136 and conductor 126 to reveal the keyhole shaped ap-
erture 142 with the feedthrough pin 136 and conductor
126 being present at the aperture 142. FIG. 5B also
shows one view of the alignment of the support body 128
and the filter capacitor 146. In this example, the support
body 128 includes protrusions 152 that occur between
each of the apertures 142 of the filter capacitor 146.
[0027] FIG. 6 shows a cross-sectional view further il-
lustrating the relationship of the support body 128 to the
filter capacitor 146 and the base plate 130. Here it can
be seen that the support body 128 of this example in-
cludes a mounting post 164. The mounting post 164 is
press fit into a cavity 154 within the base plate 130. This
press fit holds the support body 128 in a fixed position
with respect to the base plate 130, and also provides
additional support for the filter capacitor 146 as the sup-
port body 128 contacts the underside of the filter capac-
itor 146.

[0028] FIG. 6 alsoshows the ferrule 140 that separates
the nonconductive polymer 141 not shown in this view
and the feedthrough pin 136 from the base plate 130.
FIG. 6 also shows a separate insulator 158 thatis present
beneath the ferrule 140 and that is located between the
feedthrough pin 136 and the base plate 130. Additionally,
a coating of a nonconductive material 155 such as a med-
ical adhesive can be seen atop the base plate 130 cov-
ering the area where the feedthrough pins 136 pass into
the base plate 130.

[0029] FIG. 7 shows another cross-sectional view of
the base plate 130 and the filter capacitor 146. FIG. 7
shows another view of the relationship between the med-
icaladhesive 155, the ferrule 140, the nonconductive pol-
ymer 141, the insulator 158, and the feedthrough pin 136.
This view also reveals that the base plate 130 of this
particular example includes an integral ground pin 160.
This integral ground pin 160 may be machined as a fea-
ture of the base plate 130. As an alternative, a ground
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pin 160 could be welded or otherwise attached to the
base plate 130.

[0030] A ground conductor 162 is interconnected with-
in the ground pin 160 via an electrically conductive bond
at a ground aperture of the filter capacitor 146. Thus, the
electrically circuitry 122 has a ground to the base plate
130 which will ultimately be electrically connected to the
can 108 upon welding of the base plate 130 to the can
108. Furthermore, the ground aperture of the filter ca-
pacitor 146 may include the ground plates of the capac-
itive coupling present within the filter capacitor 146 such
that the electrically conductive bond also occurs with the
ground plates, which is discussed in more detail below
with reference to FIG. 9. Therefore, in a single bonding
event, an electrically conductive bond may occur among
the ground pin 160, a ground conductor 162, and the
ground capacitor plate of the filter capacitor 146 while a
physical bond may also occur among the ground pin 160,
the ground conductor 162, and the filter capacitor 146.
[0031] FIG. 8 shows another cross-sectional view
which illustrates an example where the feedthrough pin
136 and the conductor 126 are both present within the
aperture 142 of the filter capacitor 146. Here, the non-
ground capacitor plates 172 and the ground capacitor
plates 170 can be seen within the filter capacitor 146,
and the electrically conductive bond material 148 such
as solder can also be seen filling the aperture and cre-
ating the electrical connection between the feedthrough
pin 136, the conductor 126, and the non-ground capacitor
plates 172. As can also be seen the ground capacitor
plates 170 are electrically connected to the base plate
130.

[0032] FIG. 9 shows another cross-sectional view
which reveals details of the ground aperture of the filter
capacitor 146. Here it can be seen that the ground plates
170 are present at the ground aperture of the filter ca-
pacitor 146 such that the ground pin 160, ground con-
ductor 162, and the ground plates 170 are electrically
interconnected via the electrically conductive bonding
material 148. In this case, there is a direct ground path
from the electrical circuitry 122 to the ground plates 170
through this junction established by the electrically con-
ductive bonding material 148.

[0033] FIG. 10 shows details of the support body 128
and conductors 126, 162. Here it can be seen that the
conductors pass through the support body 128, such as
into one side and out another. In this case, the conductors
126, 162 pass through a bottom side and out a front side
but it will be appreciated that the conductors 126, 162
could pass through other sides of the support body 128.
As the support body 128 contains the conductors, the
support body 128 is constructed of an insulator such as
polyether ether ketone (PEEK).

[0034] The support body 128 includes the posts 164
as well as protrusions 166 that abut the base plate 130
to create proper spacing between the support body 128
and the base plate 130 where the filter capacitor 146
resides. The support body also includes the protrusions
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152 which properly position the supportbody 128 by abut-
ting the filter capacitor 146 to align the interfacing sur-
faces.

[0035] FIG. 11 shows the filer capacitor 146. This view
further illustrates the asymmetric shape of this particular
example as discussed above. This view also further il-
lustrates the apertures 142 of this example, and partic-
ularly the keyhole shape of the apertures 142 having the
smaller diameter portion 144.

[0036] FIG. 12 shows the underside of the base plate
130 and the filter capacitor 146 with the support body
128 omitted for purposes of illustration. Here, the cavities
154 in the base plate 130 can be seen that receive the
posts 164 of the support body 128. Another feature that
can be seen in FIG. 12 is the asymmetrical shape of the
filter capacitor 146 in this example, where one end is
square and the opposite end is curved outwardly. The
base plate 130 has a matching asymmetrical recess
which prevents the filter capacitor 146 from being insert-
ed in the wrong orientation. For embodiments where one
of the apertures of the filter capacitor 146 is a ground
aperture 161 where the ground plates 170 are present,
this is significant because this prevents the ground ap-
erture 161 from being aligned with a feedthrough pin 136
because the ground pin 160 should be present in the
ground aperture 161 rather than a feedthrough pin 136.
[0037] FIG. 13 shows a protective body 174 that is at-
tached to a partial connector enclosure assembly that
includes the base plate 130 and the feedthrough pins
136, as well as the filter capacitor 146, support body 128,
and conductors 126 within the protective body 174. The
protective body 174 protects the underside of the base
plate 130, particularly the exposed conductors 126 that
are intended to extend into the can of the IMD 102, during
the construction, testing, transporting, and storage of the
connector enclosure assembly 106. The protective body
174 may be constructed of various rigid materials but
where electrical testing is desired, the protective body
174 is constructed of an insulator such as liquid crystal
polymer to avoid short circuiting across the conductors
126.

[0038] The protective body 174 includes a window 176
that exposes the conductors 126 so that electrical con-
nection may be made to test the electrical pathway be-
tween the conductors 126 and the individual electrical
connectors 132 as shown in FIG. 3. As shown in FIG.
14, the protective body 174 may include two halves, a
half 180 and another half 178. In this example, a window
176 exists within the half 174 for access to the conductors
126.

[0039] The protective body 174 may also includes fea-
tures that allow the two halves 178, 180 to be joined to-
gether while engaging the base plate 130. For instance,
posts 184 and receptacles 186 may be provided where
the posts are press fit into the receptacles as a flange
188 of each half slides into place within a groove 190 on
the base plate 130. This locks the two halves 178, 180
together while locking the body 174 to the base plate 130.
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[0040] FIG. 15 shows a cross-sectional view which
shows the relationship of an extended support 192 to the
conductor 126. The support 192 extends over to the con-
ductor 126 so as to provide a stop against movement of
the conductor 126. Thus, the conductor 126 is protected
from excessive movement that could bend or break the
conductor 126 such as during assembly, testing, trans-
port, and/or storage.

[0041] FIG. 16 shows the completed connector enclo-
sure assembly 106 with the protective body 174 being
attached to the base plate 130 of the connector enclosure
assembly 106. At this point, the connector enclosure as-
sembly 106 is ready for testing, transport, and storage
while the can portion of the IMD 102 is being readied for
attachment to the connector enclosure assembly 106.
When the time arrives for attachment, the protective cov-
er 174 is broken open using the holes 182 that are on
both sides of the protector halves 178 & 180. The as-
sembly process of the IMD 102 then proceeds.

[0042] One manner of assembling the IMD 102 that
includes the features discussed above follows. It will be
appreciated thatthis manner of assembly is forillustrative
purposes and that other manners of assembling the IMD
102 are also possible. Initially in this example, the inner
region where the feedthrough apertures 138 are located
is welded in place to an outer structure of the baseplate
to complete the baseplate assembly 130. The inner re-
gion contains the feedthrough pins 136 passing through
the ferrules 140 filled with the nonconductive polymer
141 and with the insulator 158 being located underneath
the ferrule 140.

[0043] The filter capacitor 146 is then inserted with
each feedthrough pin 136 passing through an aperture
142. The support body 128 with the conductors 126
present therein is then positioned so that each conductor
126 enters the region 144 of the aperture 142. The sup-
port body 128 is then pressed into place such that the
mounting posts 164 firmly lock into the cavities 154 of
the baseplate 130.

[0044] Atthis point, the feedthrough pins 136, conduc-
tors 126, and filter capacitor 146 may be bonded by plac-
ing the solder split performs 149 in place as shown in
FIG. 5A. The filter capacitor 146 may also be bonded to
the baseplate 130 at this time by placing a solder wire
along the edge of the filter capacitor 146 between the
filter capacitor 146 and the base plate 130. The solder
wire 150 and solder split performs 149 are then reflowed
to complete the partial connector enclosure assembly.
[0045] The protective cover 174 is then installed as
shown in FIG. 13. Thermal, shock, and electrical testing
may then be performed. The partial connector enclosure
assembly is then ready for further assembly and may be
transporter and/or stored prior to the time to complete
the assembly.

[0046] Atthenextstep,the nonconductive polymer 141
is added to the ferrules 140 and then the medical adhe-
sive 155 is applied to the top of the baseplate 130. The
feed through pins 136 are formed as necessary to be in
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position to contact the electrical connectors 132. The pre-
assembled set of electrical connectors 136, such as a
Bal Seal® stack is then placed against the feedthrough
pins 136 where they are then mechanically and electri-
cally interconnected.

[0047] A top portion of the connector enclosure 106 is
then placed onto the baseplate 130 and set of connectors
132. The set screw 134 is inserted into position within
the top portion of the connector enclosure 106. A cover
plate of the connector enclosure 106 that covers an open
side of the top portion of the connector enclosure 106 is
put in position on the top portion and against the base-
plate 130. The top portion, cover plate, and the baseplate
130 are then seam welded, and the cavity within the con-
nector enclosure 106 is filled with a non-conductive pol-
ymer by injection molding. At this point, the connector
enclosure 106 is ready for final assembly of the IMD 102.
[0048] During final assembly, the isolation cup 118 is
placed into the bottom half of the can 108 as shown in
FIG. 2. The electrical circuitry 122 is then placed within
the isolation cup 118, and the battery 120 is also posi-
tioned within the isolation cup 118.

[0049] The protective cover 174 is broken opento allow
the connector enclosure assembly 106 to be removed
from the protective cover 174. The connector enclosure
assembly 106 is then placed over the bottom half of the
can 108 and the conductors 126 are mechanically and
electrically connected to the electrical pads 124.

[0050] The bottom cap 116 isthen added to the bottom
half of the can 108. The top half of the can 108 is then
placed into position relative to the bottom half. The inter-
faces of the two halves of the can 108, the bottom cap
116, and the baseplate 130 of the connector assembly
106 are seam welded to complete the assembly of the
IMD 102.

[0051] FIG. 17 shows another embodiment of an inter-
connection of a filtered feedthrough. Here the
feedthrough pins 136 pass through aperturesin the base-
plate 130 and through a filter capacitor 220 as discussed
for the prior embodiments. However, in this embodiment,
the interconnection of the feedthrough pins 136 to the
pads on the hybrid of the circuitry within the can is ulti-
mately provided by conductors 206, 208. In this particular
embodiment, these conductors 206, 208 are held in a
fixed position with respect to one another prior to being
installed by being formed together as an integral conduc-
tor unit 202 where each conductor 206, 208 extends from
a common tab 204. The integral conductor unit 202 may
be constructed of materials such as titanium, nickel, nio-
bium, tantalum, platinum, MP35N® alloy, or other alloys
thereof. Furthermore, the integral conductor unit 202 may
include an outer layer that is plated or sputtered with ma-
terial such as noble metals like gold or platinum to allow
solder wetting to the conductor 206, 208 to occur during
the soldering process.

[0052] The common tab 204 allows the integral con-
ductorunit 202 to be easily grasped and positioned during
assembly of the structure shown in FIG. 17 while the

10

15

20

25

30

35

40

45

50

55

conductors 206, 208 maintain their relative spacing and
orientation. Each conductor 206, 208 extends from the
common tab 204 at the proper spacing relative to the
feedthrough pins 136 such that the conductors 206, 208
are more easily aligned and mated to the corresponding
feedthrough pins 136.

[0053] In this particular embodiment, the ends of the
conductors 206, 208 opposite the common tab 204 in-
clude annularrings such as the annular ring 212 revealed
for the conductor 208. The feedthrough pins 136 pass
through the openings of the annular rings 212. The an-
nular rings are then secured to the feedthrough pins 136.
In the case of the ground conductor 206, the annular ring
is secured to a ground pin 260 of the baseplate 130.
Thereafter, the common tab 204 is removed from the
conductors 206, 208 such as by cutting or breaking the
conductors 206, 208 in vicinity of the common tab 204.
For instance, the conductors 206, 208 may be formed
with a thinner section near the common tab 204 which
provides a weak area that facilitates the cut or break.
[0054] There may be several ways to secure the con-
ductors 206, 208 to the ground pin 260 or feedthrough
pins 136. For instance, in some embodiments, the con-
ductors 206, 208 may be soldered to the respective pin.
As shown in FIG. 17, a preformed solder washer 210,
214 may be positioned about the pin and onto the annular
ring and then reflowed to create a bond that forms the
physical and electrical coupling of the conductors 206,
208 to the pins. The solder washer for the annular ring
212 has been omitted from FIG. 17 for purposes of illus-
trating the annular ring but would be included to provide
the bond.

[0055] FIG. 18 shows the interconnection of some of
the conductors to some of the feedthrough pins 136 once
the solder has been reflowed to create the bond 214’.
FIG. 18 also omits the washer 210 for the ground pin 260
to more clearly illustrate the ground pin 260 in relation to
the annular ring 216 of the ground conductor 206. The
reflowed solder 214’ of FIG. 18 also flows into the opening
of the filter capacitor 220 to create an electrical coupling
of the feedthrough pin 136 to a capacitor plate within the
filter capacitor 220. While FIG. 18 shows the feedthrough
pins 136 as extending well beyond the annular rings 212,
it will be appreciated that the feedthrough pins 136 may
be trimmed to the appropriate length before or after the
soldering has occurred in order to achieve the final ver-
sion shown in FIG. 21 which is discussed below.
[0056] Some embodiments of the annular rings 212
may include extensions and the filter capacitor 220 may
include keyhole shaped openings like that of FIGS. 5B
and 11 such that the extensions of the annular rings 212
enter the keyhole area and are further soldered to the
pin and capacitor plate. Likewise, for the embodiments
discussed above with respectto FIGS. 5B and 10, those
conductors 126, 162 may include annular rings that are
positioned about the feedthrough pins as shown in FIGS.
17 and 18.

[0057] An alternative manner of securing the conduc-
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tors 206, 208 to the pins is shown in FIG. 19. Here, the
bond of the conductors 206, 208 to the pins 260, 136 is
created by welding. In order to protect the filter capacitor
220, protective washers 222, 224 are placed about the
ground pin 260 and feedthrough pins 136, respectively.
These protective washers may be constructed of a ma-
terial such as alumina or glass to create an effective bar-
rier. However, prior to installation of the washers, the
feedthrough pins 136 are soldered to the capacitive
plates of the filter capacitor 220 by flowing solder into the
openings 226 of the filter capacitor 220. Then, the pro-
tective washers 222, 224 are put in place, followed by
placement of the annular rings of the conductors 206,
208 about the pins 260, 136. The annular rings are then
welded to the pins 260, 136. This configuration is illus-
trated in FIG. 20. While FIG. 20 shows the feedthrough
pins 136 as extending well beyond the annularrings 212,
it will be appreciated that the feedthrough pins 136 may
be trimmed to the appropriate length before welding has
occurred in order to achieve the final version like that
shown in FIG. 23 which is discussed below.

[0058] A completed connector enclosure assembly
106 is shown in FIG. 21. Here, the annular rings of the
conductors 206, 208 have been bonded to the ground
pin 260 and feedthrough pins 136, such as by reflowing
solder 214’ as shown, and the common tab 204 has been
broken free and discarded. At this point, the conductors
206, 208 are ready to be bonded to pads of the hybrid.

[0059] FIG. 22 shows the connector enclosure assem-
bly 106 upon being joined to the hybrid circuitry 122 dur-
ing assembly of the medical device 100’. In this particular
example, the baseplate 130 has been bonded to one half
of the can while the conductors 206, 208 have been sol-
dered to pads 124 of the hybrid to complete the physical
and electrical coupling of the conductors 206, 208 to the
hybrid. As discussed above for other embodiments, other
manners of constructing the device 100" are also possi-
ble, such as constructing the whole can separately, bond-
ing the conductors 206, 208 to the pads 124, and then
inserting the hybrid circuitry 122 into the assembled can
while bonding the baseplate 130 to the assembled can.
[0060] Another aspect that is present in the embodi-
ment shown in FIG. 22 as a recess 228 within the filter
capacitor 220 in proximity to a transitional section 230 of
each conductor 208, where the transactional section ex-
tends from the annular ring to where the conductor 208
becomes approximately perpendicular to the plane of the
filter capacitor 220. As shown in FIG. 23, the ground plate
232 of the filter capacitor 220 is exposed at the outer
edges so that soldering electrically couples the ground
plate 232 to the baseplate 130. Furthermore, the ground
plate 232 may terminate to a metallic layer such as silver-
palladium on the exterior side of the filter capacitor 220
that further allows the filter capacitor 220 to be soldered
to the baseplate 130.

[0061] To ensure thatthe transitional area 230 of each
conductor 208 does not electrically short circuit to
ground, the notch 228 is present in the filter capacitor
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220 to create additional airspace between the exposed
area of ground plate 232 where the ground plate 232 and
any metallic layer on the outer surface is soldered and
the transitional area 230. While FIG. 23 shows an exam-
ple where the annular ring has been welded to the pin
136 with the protective washer 224 in place, it will be
appreciated that his configuration of the filter capacitor
220 with the notch 228 is also applicable to examples
where the annular ring is soldered to the feedthrough pin
136.

[0062] While embodiments have been particularly
shown and described, it will be understood by those
skilled in the art that various other changes in the form
and details may be made therein without departing from
the scope of the invention as defined by the claims.

Claims
1. An implantable medical device, comprising:

a connector enclosure including a base plate
(130) having an aperture, the connector enclo-
sure housing at least one electrical connector;

a can (108) coupled to the base plate, the can
housing electrical circuitry;

afilter capacitor (146) coupled to the base plate,
the filter capacitor having an aperture (142) and
having capacitor forming plates including a
ground plate, the ground plate being electrically
coupled to the can; and

a feedthrough pin (136) electrically coupled to
the electrical connector within the connector en-
closure, the feedthrough pin extending through
the aperture in the base plate and being present
in the vicinity of the aperture in the filter capac-
itor; characterised by:

a conductor (126) with a first end being
present in the vicinity of the aperture within
the filter capacitor and with a second end
extending into the can and electrically cou-
pled to the electrical circuitry; and

an electrically conductive bonding material
(148) being present within the aperture of
the filter capacitor and creating an electri-
cally conductive bond among the conduc-
tor, the feedthrough pin, and at least one of
the capacitor forming plates other than the
ground plate.

2. The implantable medical device of claim 1, further
comprising a support body (128) that is coupled to
the base plate, wherein the conductor passes
through the support body.

3. The implantable medical device of claim 2, wherein
the support body includes posts (152) and the base
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plate includes cavities and wherein the posts are
contained within the cavities.

The implantable medical device of any of claims 1-3,
wherein the bonding material is solder or a conduc-
tive polymer.

The implantable medical device of any of claims 1-4,
wherein the second end of the conductor is directly
bonded to a circuit board within the can that contains
the electrically circuitry.

The implantable medical device of any of claims 1-5,
wherein the filter capacitor has an asymmetric shape
and wherein the base plate includes a recess that
defines an asymmetric shape that matches the
asymmetric shape of the filter capacitor.

The implantable medical device of any of claims 1-6,
wherein the aperture within the filter capacitor has a
keyhole shape and wherein the feedthrough pin and
the conductor pass into the aperture within the filter
capacitor.

A method of manufacturing a connector enclosure
assembly of an implantable medical device, com-
prising:

providing a connector enclosure including a
base plate having an aperture, the connector
enclosure housing at least one electrical con-
nector;

providing a filter capacitor coupled to the base
plate, the filter capacitor having an aperture and
having capacitor forming plates; and

providing a feedthrough pin electrically coupled
to the electrical connector within the connector
enclosure, the feedthrough pin extending
through the aperture in the base plate and being
present in the vicinity of the aperture in the filter
capacitor; characterised by

providing a conductor with a first end being
present in the vicinity of the aperture within the
filter capacitor and with a second end extending
away from the filter capacitor; and

creating a single electrically conductive bond
among the conductor, the feedthrough pin, and
at least one of the capacitor forming plates.

The method of claim 8, further comprising providing
a support body that is coupled to the base plate,
wherein the conductor passes through the support
body.

The method of claim 9, wherein the support body
includes posts and the base plate includes cavities
and wherein the posts are contained within the cav-
ities.
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1.

12.

13.

The method of any of claims 8-10, wherein the sec-
ond end of the conductor is directly bonded to a cir-
cuit board within the can that contains the electrically
circuitry.

The method of any of claims 8-11, wherein the filter
capacitor has an asymmetric shape and wherein the
base plate includes a recess that defines an asym-
metric shape that matches the asymmetric shape of
the filter capacitor.

The method of any of claims 1-12, further comprising
attaching a protective body to the base plate, the
protective body enclosing the conductor while hav-
ing an aperture that provides access to the conduc-
tor.

Patentanspriiche

1.

Implantierbare medizinische Vorrichtung, die Fol-
gendes aufweist:

eine Verbindungsgliedeinfassung mit einer Ba-
sisplatte (130), die eine Offnung aufweist, wobei
die Verbindungsgliedeinfassung zumindest ein
elektrisches Verbindungsglied aufnimmt;

eine Dose (108), die an die Basisplatte gekop-
pelt ist, wobei die Dose eine elektrische Schal-
tung aufnimmt;

einen Filterkondensator (146), der an die Basis-
platte gekoppeltist, wobei der Filterkondensator
eine Offnung (142) aufweist und Kondensator-
bildende Platten aufweist, die eine Grundplatte
aufweisen, wobei die Grundplatte elektrisch an
die Dose gekoppelt ist; und

einen Durchfiihrungsstift (136), der elektrisch an
das elektrische Verbindungsglied innerhalb der
Verbindungsgliedeinfassung gekoppelt ist, wo-
bei der Durchfiihrungsstift sich durch die Off-
nunginderBasisplatte erstrecktund in der Nahe
der Offnung in dem Filterkondensator vorlie-
gend ist; gekennzeichnet durch:

einen Leiter (126), wobei ein erstes Ende in
der Nahe der Offnung innerhalb des Filter-
kondensators vorliegend ist und wobei sich
ein zweites Ende in die Dose erstreckt und
elektrisch an die elektrische Schaltung ge-
koppelt ist; und

ein elektrisch leitendes Bindungsmaterial
(148), da innerhalb der Offnung des Filter-
kondensators vorliegend ist und eine elek-
trisch leitfahige Bindung unter dem Leiter,
dem Durchfiihrungsstift und zumindest ei-
ner der Kondensator-bildenden Platten, die
nicht die Grundplatte ist, erzeugt.
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Implantierbare medizinische Vorrichtung nach An-
spruch 1,ferner aufweisend einen Stitzkdérper (128),
der an die Basisplatte gekoppelt ist, wobei der Leiter
den Stitzkorper passiert.

Implantierbare medizinische Vorrichtung nach An-
spruch 2, wobei der Stitzkérper Saulen (152) auf-
weist und die Basisplatte Hohlrdume aufweist und
wobei die Saulen in den Hohlrdumen enthalten sind.

Implantierbare medizinische Vorrichtung nach ei-
nem der Anspriiche 1-3, wobei das Bindungsmate-
rial Lot oder ein leitendes Polymer ist.

Implantierbare medizinische Vorrichtung nach ei-
nem der Anspriiche 1-4, wobei das zweite Ende des
Leiters direkt an eine Schaltkarte innerhalb der Dose
gebunden ist, die die elektrische Schaltung enthalt.

Implantierbare medizinische Vorrichtung nach ei-
nemder Anspriiche 1-5, wobei der Filterkondensator
eine asymmetrische Form aufweist und wobei die
Basisplatte eine Ausnehmung aufweist, die eine
asymmetrische Form definiert, die zu der asymme-
trischen Form des Filterkondensators passt.

Implantierbare medizinische Vorrichtung nach ei-
nemder Anspriiche 1-6, wobei die Offnung innerhalb
des Filterkondensators eine Schliissellochform auf-
weist und wobei der Durchfiihrungsstift und der Lei-
ter in die Offnung innerhalb des Filterkondensators
passieren.

Verfahren zur Herstellung einer Verbindungsglie-
deinfassungsanordnung einer implantierbaren me-
dizinischen Vorrichtung, umfassend:

Bereitstellen einer Verbindungsgliedeinfassung
mit einer Basisplatte, die eine Offnung aufweist,
wobei die Verbindungsgliedeinfassung zumin-
dest ein elektrisches Verbindungsglied auf-
nimmt;

Bereitstellen eines Filterkondensators, der an
die Basisplatte gekoppelt ist, wobei der Konden-
sator eine Offnung aufweist und Kondensator-
bildende Platten aufweist; und

Bereitstellen eines Durchfihrungsstiftes, der
elektrisch an das elektrische Verbindungsglied
innerhalb der Verbindungsgliedeinfassung ge-
koppelt ist, wobei der Durchfihrungsstift sich
durch die Offnung in der Basisplatte erstreckt
und in der Nahe der Offnung in dem Filterkon-
densatorvorliegendist; gekennzeichnet durch
Bereitstellen eines Leiters, wobei ein erstes En-
de in der N&he der Offnung innerhalb des Filter-
kondensators vorliegend ist und wobei ein zwei-
tes Ende sich weg von dem Filterkondensator
erstreckt; und
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10

10.

1.

12.

13.

Erzeugen einer einzelnen elektrisch leitenden
Bindung unter dem Kondensator, dem Durch-
fuhrungsstift und zumindest einer der Konden-
sator-bildenden Platten.

Verfahren nach Anspruch 8, ferner umfassend Be-
reitstellen eines Stltzkorpers, der an die Baisplatte
gekoppeltist, wobei der Leiter durch den Stiitzkdrper
durchkommt.

Verfahren nach Anspruch 9, wobei der Stiitzkérper
Saulen aufweist und die Basisplatte Hohlrdume auf-
weist und wobei die Saulen innerhalb der Hohlrdume
enthalten sind.

Verfahren nach einem der Anspriiche 8-10, wobei
das zweite Ende des Leiters direkt an eine Schalt-
karte innerhalb der Dose gebunden ist, die die elek-
trische Schaltung enthalt.

Verfahren nach einem der Anspriiche 8-11, wobei
der Filterkondensator eine asymmetrische Form auf-
weist und wobei die Basisplatte eine Ausnehmung
aufweist, die eine asymmetrische Form aufweist, die
zu der asymmetrischen Form des Filterkondensa-
tors passt.

Verfahren nach einem der Anspriiche 1-12, ferner
umfassend Befestigen eines schiitzenden Kérpers
zu der Basisplatte, wobei der schiitzende Koérper den
Leiter einfasst, wahrend er eine (")ffnung auifweist,
die einen Zugang zu dem Leiter bereitstellt.

Revendications

1.

Dispositif médical implantable, comportant :

une enveloppe de connecteur incluant une pla-
que de base (130) ayant une ouverture, I'enve-
loppe de connecteur recevant au moins un con-
necteur électrique ;

un boitier (108) couplé a la plaque de base, le
boitier recevant des circuits électriques ;

un condensateur de filtrage (146) couplé a la
plaque de base, le condensateur de filtrage
ayant une ouverture (142) et ayant des plaques
formant condensateur incluant une plaque de
masse, la plaque de masse étant électrique-
ment couplée au boitier ; et

une broche de traversée (136) électriquement
couplée au connecteur électrique al’intérieur de
I'enveloppe de connecteur, la broche de traver-
sée s’étendant a travers I'ouverture dans la pla-
que de base et étant présente au voisinage de
I'ouverture dans le condensateur defiltrage ; ca-
ractérisé par :
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un conducteur (126) avec une premiére ex-
trémité étant présente au voisinage de
'ouverture a l'intérieur du condensateur de
fillrage et avec une seconde extrémité
s’étendant dans le boitier et électriquement
couplée aux circuits électriques ; et

un matériau de liaison électriquement con-
ducteur (148) étant présent a l'intérieur de
I'ouverture du condensateur de filtrage et
créant une liaison électriguement conduc-
trice parmi le conducteur, la broche de tra-
versée et au moins I'une des plaques for-
mant condensateur autres que la plaque de
masse.

Dispositif médical implantable selon la revendication
1, comportant en outre un corps de support (128)
qui est couplé a la plaque de base, dans lequel le
conducteur passe a travers le corps de support.

Dispositif médical implantable selon la revendication
2, dans lequel le corps de support inclut des tétons
(152) et la plaque de base inclut des cavités et dans
lequel les tétons sont contenus a l'intérieur des ca-
vités.

Dispositif médical implantable selon 'une quelcon-
quedesrevendications 1 a 3, dans lequel le matériau
de liaison est une soudure ou un polymére conduc-
teur.

Dispositif médical implantable selon 'une quelcon-
que desrevendications 1 a4, danslequel laseconde
extrémité du conducteur estdirectementreliée a une
carte a circuit a I'intérieur du boitier qui contient les
circuits électriques.

Dispositif médical implantable selon 'une quelcon-
que des revendications 1 a 5, dans lequel le con-
densateur de filtrage a une forme asymétrique et
dans lequel la plague de base inclut un évidement
qui définit une forme asymétrique qui correspond a
la forme asymétrique du condensateur de filtrage.

Dispositif médical implantable selon 'une quelcon-
que des revendications 1 a6, dans lequel I'ouverture
a l'intérieur du condensateur de filtrage a une forme
de trou de serrure et dans lequel la broche de tra-
versée et le conducteur passent dans I'ouverture a
l'intérieur du condensateur de filtrage.

Procédé de fabrication d’'un ensemble d’enveloppe
de connecteur d’un dispositif médical implantable,
comportant les étapes consistant a :

fournir une enveloppe de connecteur incluant
une plaque de base ayant une ouverture, I'en-
veloppe de connecteur recevant au moins un
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10.

1.

12.

13.

20

connecteur électrique ;

fournir un condensateur de filtrage couplé a la
plaque de base, le condensateur de filtrage
ayant une ouverture et ayant des plaques for-
mant condensateur ; et

fournir une broche de traversée électriquement
couplée au connecteur électrique al’intérieur de
I'enveloppe de connecteur, la broche de traver-
sée s’étendant a travers I'ouverture dans la pla-
que de base et étant présente au voisinage de
I'ouverture dans le condensateur de filtrage ;
caractérisé par les étapes consistant a :

fournir un conducteur avec une premiére
extrémité étant présente au voisinage de
'ouverture a l'intérieur du condensateur de
fitrage et avec une seconde extrémité
s’étendant en s’écartant du condensateur
de filtrage ; et

créer une seule liaison électriquement con-
ductrice parmi le conducteur, la broche de
traversée et au moins I'une des plaques for-
mant condensateur.

Procédé selon la revendication 8, comportant en
outre la fourniture d’un corps de support qui est cou-
plé a la plaque de base, dans lequel le conducteur
passe a travers le corps de support.

Procédé selon la revendication 9, dans lequel le
corps de support inclut des tétons et la plaque de
base inclut des cavités et dans lequel les tétons sont
contenus a l'intérieur des cavités.

Procédé selon 'une quelconque des revendications
8 a 10, dans lequel la seconde extrémité du conduc-
teur est directement reliée a la carte a circuit a I'in-
térieur du boitier qui contient les circuits électriques.

Procédé selon 'une quelconque des revendications
8 a 11, dans lequel le condensateur de filtrage a une
forme asymétrique et dans lequel la plaque de base
inclut un évidement qui définit une forme asymétri-
que qui correspond a la forme asymétrique du con-
densateur de filtrage.

Procédé selon 'une quelconque des revendications
1 a 12, comportant en outre la fixation d’un corps
protecteur a la plaque de base, le corps protecteur
entourant le conducteur tout en ayant une ouverture
qui donne acces au conducteur.
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