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IMPLANTABLE MEDICAL DEVICE ASSEMBLY AND
MANUFACTURING METHOD

CLAIM OF PRIORITY
Benefit of priority is hereby claimed to U.S. Patent Application Serial
Number 11/278,051, filed March 30, 2006, which application is herein

incorporated by reference.

FIELD OF INVENTION
This invention relates to the field of implantable devices and more

specifically to an implantable medical device.

BACKGROUND

Implantable medical devices are used to treat many conditions.
Implantable medical devices can include pulse generators, such as pacemakers
and defibrillators, which include electronics mounted within a housing. The
housing includes a header which is typically connected to a lead, which is
implanted on or in the heart.

An electrical feedthrough on the housing connects internal electronics to
the lead via the header connection. The feedthrough is usually mounted to the
housing and a connector is attached to a contact of the internal electronics and
then routed to and attached to the feedthrough. There is a need for less complex
manufacturing and more mechanically and electrically robust connections

between the internal electronics of the housing and the feedthrough.

SUMMARY
In one embodiment, an implantable device includes a housing, a circuit
board having a plurality of through holes, and a plurality of interconnect pins
within the housing, each of the interconnect pins including a straight shaft
oriented perpendicular to a major surface of the housing. The circuit board is
connected to the interconnect pins such that the pins extend through the through

holes of the circuit board.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a view of an implantable system according to at least one
embodiment.

Figure 2 shows an exploded view of a portion of the implantable device
of Figure 1.

Figure 3 shows a perspective view of a portion of the implantable device
of Figure 1.

Figure 4 shows a perspective view of a portion of the implantable device
of Figure 1.

Figure 5 shows a cross-section view of interconnect pins, in accordance
with one embodiment.

Figure 6 shows a side view of a connection between a circuit board and

an interconnect pin, in accordance with one embodiment.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
of illustration specific embodiments in which the invention may be practiced.
These embodiments are described in sufficient detail to enable those skilled in
the art to practice the invention, and it is to be understood that other
embodiments may be utilized and that structural changes may be made without
departing from the scope of the present invention. Therefore, the following
detailed description is not to be taken in a limiting sense, and the scope of the
present invention is defined by the appended claims and their equivalents.

Figure 1 shows an implantable system 100, in accordance with one
embodiment. System 100 includes an electronics unit, such as a pulse generator
105, and at least one lead 110. The pulse generator 105 includes a hermetically
sealed pulse generator housing 104 and a header 103. The pulse generator 105 is
generally implanted into a subcutaneous pocket made in the wall of the chest.
Alternatively, the pulse generator 105 is placed in a subcutaneous or

submuscular pocket made in the abdomen, or in other locations. Pulse generator
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105 can include a power supply such as a battery, a capacitor, and other
components housed in a case. The device can include one or more
microprocessors to provide processing, evaluation, and to determine and deliver
electrical shocks and pulses of different energy levels and timing for
defibrillation, cardioversion, and pacing to a heart in response to cardiac
arrhythmia including fibrillation, tachycardia, heart failure, and bradycardia.

Lead 110 includes a lead body 113 having a proximal end 112, where the
lead is coupled at the header 103 of pulse generator 105. The lead 110 extends
to a distal end 114, which is coupled with a portion of a heart, when implanted.
In one embodiment, the distal end 114 of the lead 110 includes one or more
electrodes 120, 121 which electrically couple the lead 110 with a heart. In other
examples, electrodes can be located medially or at other locations along the lead.

At least one electrical conductor is disposed within the lead 110 and extends
from the proximal end 112 to the electrode(s) 120, 121. The electrical
conductors carry electrical current and pulses between the pulse generator 105
and the electrode(s) 120, 121.

In other embodiments, system 100 is suitable for use with implantable
electrical devices, such as, but not limited to, pulse generators, neuro-
stimulators, skeletal stimulators, central nervous system stimulators, or
stimulators for the treatment of pain. The system can also be utilized as a sensor
and/or a receiver. The electrodes can be used, for sensing, pacing, and/or
shocking, for example.

Figures 2-4 show further details of pulse generator 105, in accordance
with one embodiment. Figure 2 shows an exploded view of a portion of pulse
generator 105, in accordance with one embodiment. Figure 3 shows a circuit
board 204 mounted to pulse generator housing 104, and Figure 4 shows housing
104, in accordance with one embodiment.

Housing 104 includes an electrical enclosure for holding electrical
components 220, including battery 230, and includes a top portion 202 and a
bottom portion 206. Top portion 202 includes a top surface 203 and bottom
portion 206 includes a bottom surface 205. After the top portion 202 and the
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bottom portion 206 are connected together, by laser welding, for example, top
surface 203 and bottom surface 205 are generally parallel to each other and
separated by a side wall 207 extending around the periphery of the housing 104.

In this example, pulse generator 105 includes a battery 230 and a hybrid
or other circuit board 204 having electrical components 220 mounted thereon.
Components 220 can be mounted to either side or to both sides of the circuit
board 204. Circuit board 204 can include a rigid circuit board or a flex circuit
board. Electrical components 220 can include microprocessors and other
components for controlling the functions of the pulse generator 105. In one
embodiment, circuit board 204 also includes a plurality of through holes 208.
Through holes 208 extend through the entire body of the circuit board 204.
Positioned near or surrounding through holes 208 are electrical contacts 209.
Particular electrical contacts 209 are typically electrically connected to particular
other contacts 209 or to particular components 220 on the circuit board.

Within the housing 104 are a plurality of interconnect pins 235. One or
more of the plurality of interconnect pins 235 include an electrically conductive
straight shaft that is oriented so that the longitudinal axis of the shaft is
perpendicular to top and bottom surfaces 203, 205. In various examples,
interconnect pins 235 provide electrical connection between the battery 230 and
circuit board 204, or between the circuit board 204 and header 103, or between
different electrical components 220 on the circuit board 204 itself, or between
electrical components 220 and a receiver or an antenna outside the housing 104,
for example.

In this example, interconnect pins 235 include feedthrough pins 237.
Feedthrough pins 237 include straight, electrically conductive shafts and are
electrically insulated from housing 104 and extend through housing 104 to an
outer surface of the housing so as to provide communication with header 103.
Referring to Figure 5, at least one of the feedthrough pins 237 is oriented such
that an outer connection surface 502 of the feedthrough pin lies in a parallel

plane to the major surface 205 of bottom portion 206 of housing 104.
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Referring again to Figure 2, feedthrough pins 237 are connectable to
connectors 115 of the header 103. In this example, header 103 includes one or
more longitudinal bores 107 that are configured to receive a lead terminal of lead
110 (Figure 1). The lead terminal can include one or more contacts to contact
corresponding contacts within the header. The header contacts are electrically
connected to the electronics in pulse generator housing 104 vié connectors 115
which in turn connect to feedthrough pins 237. For example, each of connectors
115 can be aligned with one or more of feedthrough pins 237 and then are
connected to connection surface 502 (Figure 5) of the feedthrough pins 237.

Referring to Figure 3, circuit board 204 is mounted into the pulse
generator housing 104 such that the circuit board’s major surface is parallel to
the top surface 203 and bottom surface 205. When the circuit board 204 is
mounted within housing 104, the interconnect pins 235 extend through the
through holes 208 of the circuit board and contact the contacts 209.

This system allows for less complex manufacturing than past implantable
devices. Interconnect pins 235 are located within housing 104 in a
predetermined configuration and the through holes 208 have a matching
configuration. Accordingly, by simply placing the circuit board 204 onto the
interconnect pins 235, and then performing a final connection, if necessary, the
circuit board 204 is physically mounted to the housing and electrically coupled to
other components of the system such as electrodes 120, 121 (Figure 1). For
example, the contacts 209 and interconnect pins 235 can be coupled by welding,
brazing, soldering, a friction connection, conductive epoxy, or other technique.
Moreover, a direct connection between connector pins 235 and circuit board 204
eliminates the need for separately routed wire connectors between the circuit
board and other components. Also, the circuit board 204 is positioned over the
interconnect pins 235 without the need for manipulation or reorientation of the
interconnect pins or bending of the circuit board. This reduces fixturing
equipment and investment and other costs related to manufacturing.

Figure 6 shows a side view of a connection between a circuit board 204

and an interconnect pin 237, in accordance with one embodiment. In this
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example, the contact 602 of circuit board 204 includes a friction-fit contact 604.
Interconnect pin 237 fits within contact 604 to make the connection. In other
examples, the pin 237 can further be soldered or welded to the contact 604. In
some embodiments, a circuit board can include through-hole contacts as
described above, and friction fit contacts 604.

To manufacture an implantable device in accordance with one
embodiment, interconnect pins 235 are mounted to the implantable device
housing 104 such that they are oriented perpendicular to a major surface of the
device enclosure housing. A circuit board 204 is placed over the interconnect
pins so that through holes on the circuit board align with the interconnect pins
and the pins extend through the through holes. A connection can then be made if
needed between the connector pins and the circuit board. The housing portions
204, 206 can then be connected together and header 103 can be attached to
housing 104 to form pulse generator 103.

In other examples, the header discussed herein can include an antennae
and/or electronic components that are used to electrically communicate outside
the device.

It is understood that the above description is intended to be illustrative,
and not restrictive. Many other embodiments will be apparent to those of skill in
the art upon reviewing the above description. The scope of the invention should,
therefore, be determined with reference to the appended claims, along with the

full scope of equivalents to which such claims are entitled.
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What is claimed is:

1. An implantable device comprising:

a housing;

a circuit board having a plurality of through holes; and

a plurality of interconnect pins within the housing, each of the
interconnect pins including a straight shaft oriented perpendicular to a major

surface of the housing;

wherein the circuit board is attached to the interconnect pins such that the

pins extend through the through holes of the circuit board.

2. The implantable device of claim 1, wherein at least one of the
interconnect pins includes a feedthrough pin oriented such that an outer
connection surface of the feedthrough pin lie in a parallel plane to the major

surface of the housing.

3. The implantable device of claim 1, wherein the circuit board includes a

rigid circuit board.

4. The implantable device of claim 1, wherein the interconnect pins are laid
out in a predetermined configuration and the through holes have a matching

configuration.

5. The implantable device of claim 1, wherein the circuit board is soldered

to the interconnect pins.

6. The implantable device of claim 1, wherein the circuit board is welded,

brazed, soldered, or epoxied to the interconnect pins.
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7. An implantable device comprising:

an electronic assembly housing having two major surfaces connected by a
side wall,;

a plurality of feedthrough pins mounted within the electronic assembly
housing, each of the plurality of feedthrough pins including a straight shaft
oriented perpendicular to the two major surfaces of the electronic assembly
housing and such that an outer connection surface of each feedthrough pin lies in
a parallel plane to the major surface of the housing; and

a circuit board mounted within the electronic assembly housing, the
circuit board including a plurality of through holes, wherein the feedthrough pins

are electrically connected to the circuit board at the through holes.

8. The implantable device of claim 7, wherein the circuit board includes a

rigid circuit board.

9. The implantable device of claim 7, wherein the feedthrough pins are laid
out in a predetermined configuration and the through holes have a matching

configuration.

10. The implantable device of claim 7, wherein the circuit board is welded,

brazed, soldered, or epoxied to the interconnect pins.

11.  The implantable device of claim 7, wherein the circuit board is soldered

to the interconnect pins.

12.  The implantable device of claim 7, wherein the feedthrough pins extend
through the through holes of the circuit board.

.13, The implantable device of claim 7, wherein the feedthrough pins contact

a friction-fit contact on the circuit board.
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14. A method comprising:

providing feedthrough pins within an implantable device housing, the
feedthrough pins being oriented perpendicular to a major surface of the device
housing and having an outer connection surface that lies in a parallel plane to the
major surface of the housing;

placing a circuit board having a plurality of contacts over the interconnect
pins; and

connecting the interconnect pins to the contacts.

15.  The method of claim 14, wherein placing the circuit board includes

placing a rigid circuit board.

16.  The method of claim 14, including connecting the feedthrough pins to the
circuit board by placing the feedthrough pins through through-holes on the
circuit board, the through holes configured in the same pattern as the feedthrough

pins.

17.  The method of claim 14, wherein connecting includes welding.

18.  The method of claim 14, wherein connecting includes brazing.

19.  The method of claim 14, wherein connecting includes soldering.

20.  The method of claim 14, wherein connecting includes using conductive
epoxy.
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