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FILTERED FEERDTHROUGH ASSEMELY

BACKGROUND OF THE INVENTION

The present invention relates to implantable medical devices. More particulardy, the
present invention relates 1o feedthrough assamblies having filtering capabilities.

Electrical feedthroughs provide a conductive path extending between the interior of a besmstically
sealed conlainer and a point owside the container. However, such feedibroughs also can provide
a path for undesired eleciromagnetic interference (EMI) to enter the container. With implantable
medical devices, this can lead to the undesired Introduction of EMI lo circaitry inside the device
container.

Fittering can be provided using capacitors that ave electrically conuected to the conductive
path or paths of the feedihrough. However, known designs using discoidsl capacitor {Hliers are
expensive, and monolithic discoidal capacitors do not allow replacement of defective
subcomponants during device fabrication. Moreover, many filtering gsserablies ave bulky and
take up valughle space inside an implantable medical device contatagr, Prior {iliering assemblies
do not readily provide a low-cost and small-sized filter assembly without compromising filtering

performance.

BRIEF SUMMARY OF THE INVENTION

The present investion provides an EMi-filtered foedthrough assembly for an mnplantable
medical device. The assembly inclades balancad ling capacitors electrically connected between
adjacent feedthrough conductors to provide low-pass filtering. Inductor coils are optionaily

conngoted o the capacitors to provide guhanced low-pass filtering.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a filter assembly according fo the present invention.

FIG. 2 is a perspective view of a filterad feedihrough assembly,

FIG. 3 is a schematic cireuit diagram of a portion of the filtered feedthrough assembly of
FIG. 2.

FIG, 413 a top view of an aliemative filier assembly providing balanced feedibrough
filtering.
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FIG. 3 is a schematic circyit diagram of a portion of an altemative filtered feedthrough
assembly uiilizing inductor coils.
FIG. 6 1s 8 schematic top view of an indactor coif for use with a filtered feedihrough

assembly.

DETAILED DESCRIPTION

The preseat invention provides a filtered feedthrough agsembly for an tmplantable medical
device. FIG. 1 is a perspective view of a filter assembly 100 that includes a printed circuit board
{(PTB) substrate 102 with five conductive races 104A-104E thereon, The PCB 102 can be made
of a FR4 non-conductive subsirate material. Six openings 106A-106F are defined through the
PCB substrate 102 to permit the insertion of a feedthrough conductor (o.g., a feadibrough pin). A
concuctive ring 108 can opticnally be disposed on the PCB subsirate 102 around each opening
H6A-106F, 1o provide mechanical remforcement and facilitate making electtical conngctions at
the openings 106A-106F. Each of the conductive traces 104A-104E is focated betwaen a pair of
adiacent openings 106A-106F and generally exlends to edges of {he PCB substraie 102. Inan
gltemative embodiment, some or all of the traces 104A-104E can be electrically conngcted to each -
other.

Five capaciifors 110A-110E are each located between adjacent pairs of openings 106A-
106F 5o the PCB substrate 102, Bach capaciior is a balanced line capacilor {e.g., a balanced line
capacitor avalable from X2Y Attenunators, LLC, Ene, PA), which provides increased atienugtion
with decreased inductance as comparad to standard surface mount capacitors. As shown with
respect 1o capactlor 110E {reference numbers for the subcomponents of capacitors 110A-110D
have been omitted for clarity ), each capacitor hag a first comnection node 112E, a second
connection node 1145, a first grovnding node 116K and a second grounding node 118E. The first
and sgeond grounding nodes 116E and 118E are each electrically conngcied to the trace 104E.

FIG. 218 a perspective view of a fitlered feedthrongh assembly 200, Hustrating the filler
assembly 100 installed within a terrule 202, Six feedihrough conduciors 204 A-204F extend
through the farnde 202 and a hermetic seal {not shown) is formed between the fercule 202 and the
feadihrough conductors 204A-204F,

The PCB sabstrate 102 is secured wilhin the forrule 202, for example, using adhesive.

Typically the PCB substrate 102 has g shape that corresponds 1o the shape of the ferrule 202, to
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facilitate positioning the PCB 102 within the ferrale 202, The feedthrongh conduciors 204A-
204F extend through the openings 106A-106F, respectively, in the PCB substrate 102

The capacitors 110A-110E are sach located between adiacent pairs of feedthrough
conductors 204A-204F and mounted to the PCB substrale 102 in g conventional manner. The
first connection node 1 12A of capacitor 110A i3 elecirically connected io the first feedthrough
conductor 204A, and the second conductor node 114A of the first capacitor is elecirically
connected to the second feedthrough conductor 2048, The first and second connection nodes
112B and 114B are electrically connected to the second and third feedtbrough conductors 110B
and 1100, respectively, The traces 104 A-104E gre elecirically connected to the ferrule 202,
which s electrically conductive and electrically grounded.

Electrical connactions between componants of the assembly 200 can be made using a
contuctive adhesive, solder, or other known techniques,

FIG. 3 is a schematic cironit diagram of a portion of the fiftered feedthrough assembly 200
including three fesdthrough conductors 204 A-204C and two capacitors 110A and 110B. As
shown in FIG. 3, each capacitor is electricglly comnected belween adjacent feedthrough
conductons in 2 bypass conliguration, with grounding nodes of the capaciiors connecied to
around. Although only a portion of the assembly 200 is represented in FIG. 3, it should be
recognized that the circuii can be scaled for use with any number of feedthrough conductors.

In operation, the filtered feedibrough agsembly 200 provides a conductive pally {hat can extend
between an exterior side of a container and an interior side of the container, When used with an
implantable medicsl device, electromagnetic sources in the environment may pass interference
along the feedthrough. The filter assembly 100 reduces the lransmission of undesired
electromuagnetic interference (EMI), 1o reduce the transmission of undesired noise while
permitting desired signals to still be transmitted. The capaciiors 110A-110E provide low-pass
filtering. Each capacitor connected between adjacent feedthrough conductors provides
simulianeous conductor-to~conductor fillering and conductor-to-ground filtering. The use of a
balanced line capacitor permits This simultaneous filtering to cccur without the need for separate
componenis, thereby reducing the space occupied by the filter assembly 100.

The size of each of the capacitoss can vary depending on the particular application and the
particudar (iHering desired (such as the desired catoff frequencies). Each capacitor 110 can be of
the sane size, For example, each cgpacitor 110 can have a value of about 500 picofarads {pF) to

about 10 nanofarads (nF). Itis possible to provide filtering specific to each feedthrough
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conductor of & multipolar assembly. This can be achieved by ¢lectrically connecting only a single
capacitor 1o particular feedthrough condnctors, such ag with feedthrough conductors 204A and
Z04F m FIG. 2. This can also be achieved by providing different sized capacitors at dilferent
tocations. Alternatively, batanced filtering can be provided (see F1G. 4).

The assembly 200 provides relatively low squivslent series inductance (ESL) and
equivalent series resistance {(ESR) at frequencies tvpicallv involved with the design and operation
of implantable medical devices.

The filter assembly 100 can be pre-fabricaled and then be joined to a forrdle subassembly
1o form the filtered feedibrough assembly 200, This facilitates fabrication by allowing
manufacture of the lier assembly 100 vsing conventional pick-and-place equipment to mount
smult components like capacitors. This gvoids difficullies in mounting small capacitors direcily
to the filtered feadthrough assembly 200,

FIG. 4 15 atop view of a filter assenbly220 that operates in a similar manner as with filter
assembly 100 described above, but has an aliernative configuration to provide balanced filtering.

The lilter asserably 220 includes a PCB substrate 102, a unilary grounding trace 104,
nwdtiple openings 106A-106K defined fhrough the PCB substrate 102, and conductive traces
222A-222K that are each located adjacent to one of the corresponding openings 106A-106K.
Balanced iine chip capacitors 110A-1 10K having a first terminal 112A-112K, a second terminal
HAA-TLIK, and two grounding terminals 116A-116K and 118A-118K (reference numbers for
the subcomponents of the capacitors 110A-110F have been omitted for clarity). Two capacitors
H10A-11OK are provided for each opening 106A-106K to provide balanced filtering for
feadibrough conductors positioned in tha openings 106A-106K. and efecirically connecled
hetween adjacent conductive fraces 222A-222K,

FI1G. 3 is a schematic circuit diagram of an alternative embodiment of a portion of filtered
teedthrough assembly 300, The agsembly 300 is simifar to the assembly 200 describad above, but
further includes sn inductor coil 302 connected in serfes with each capacitor 110. For example,
each inductor coil 302 can have a value of about 1 picohenry (pH) to about 1 nanohenty (nH),
although vatves of the inductor coils 302 can vary according 1o the particufar application. The
assembly 300 provides an alternative filtering scheme, with the fducior coils 302 further being
able to dissipate EMI. The particular elecirical characteristics of the induclor coils 3024, 3024°,

3028, 3028, as well as the characteristics of the cgpacitors 110A and 1108, can be selected
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according to the particular [iltering desired for a particular application, as will be understood by
those skilled in the art.

The addition of the inductor coil 302 forms an L-type filter that provides improved low
frequency response of the assembly 300. More particularly, the asserubly 300 has av improved
attenuation slope rate as compared to the assembly 200 described above, which does not include
such inductors. Thus, the use of the inductor coils 302 significantly increases tha fow pass filter
attenuation performance of the assembly 300.

FIG. 6 is a schematic top view of sn induclor coif 302, which is formed with top conductor
portions 304, bottom conductor portions 306 and connectors 308 therebetween, The top snd
bottom condactor portions 304 and 306 are generally L-shaped, with the top and bottom postions
304 and 306 being mirror images of each other. The connectors 308 form conductive paths
between the top and bovtom conductoer portions 304 and 306 to form the coil shape of induactor
coil 302 The inductor coil 302 is typically embedded within the PCB subsirate (sez PCB
substrate 102 in FIGS. 1 and 2, and can be formed using processes sach as known deposition
techniques and conventional photolithography. It should be recognized that other types of
inducior coils can be vsed, and the inductor coil 302 shown snd described with respect 1o FIG. 6
is merely an exemplary embodiment.

The assembly of the present invention is relatively low-cost to man ufaciure and ocoupies a
relatively small space within a device, yet provides sobust {iltering of EMI while permitling the
transmission of desired sipnals across the feedthrough,

Although the present inveniion has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and
detail without depariing from the spirit and scope of the invention. For instance, the filter
assemblies of the present invention can be used with a varisty of feedthrough designs, including
both wipolar and multipolar feedthroughs, The particular arrangement of assembligs according
to the present invention will vary according to factors such as the arrangement of the feedihrough

conductors.
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CLAIMS

1. A filter apparatus for tse with an inplantable medical device, the filter apparatus
compIising:

a printed circuit borrd having a substrate and g first frace connected to ground;

(&1

first and second feedthrough conductors extending through the printed circuit
board; and

a first chip capacitor disposed on the printed cireunit board, wherein ihe first chip
capacitor is electrically connecled between the first and second feedthrough conduciors,
and wherein the first chip capaciior is further electrically connecied to the furst trace on the
1} printed ¢ircait board.

2, The filter apparatus of claim 1, wherein the first chip capacitor is g balanced line

chip capacitor.

L5 3. The filter apparatus of claim 1, wherein the first trace of the printed circuit board 18

disposed beiween the first and second feedihrough conduciors.

4, The filter apparatus of claim 1, wherein the first frace of the printed circuit board is
electrically connected {o g ferrule of the implantable medical device.
23

s The filter apparatus of claim 1 and further comprising;

an inductor electrically connected to the first chip capacifor,

0. The filter apparatus of claim § and further comprising:

EA 4
i

a third feedthrough condactor;
asecond trace on the printed circuif board connected 1o ground; and
a second chip capactior electrically connected between the second and third
feedthrough conductoss and electrically connected 1o the second frace.
7. The filter assembly of claim 1, wherain 3 conductive adhesive is used lo make
30 efecirical connections between lhe first chip capacitor and both the first trace and the first

and second Feedthrough conductors,



WO 2007/100995 PCT/US2007/062371

-

8. The filter assembly of clatm 1 and Turther comprising:
a ferrule;
a hermetic seal betwesn the first and second feedthrough conductors and the

ferrule.

9, The filter assembiy of claim 1, whergin the fesdthrough conductors are pins.

1. Afillered foedthrongh assembly comprising:
& plurality of feedibrough conductors;
10 a plurality of chip capacitors for providing electromagnetic interference filtesing,
wherein mualtiple chip capacilors are electrically connected to each of the feedthrough

vonductors, and wherein sach chip capacitor is further connected to ground.

15 The feedthrough assembly of claim 10, wherein the pair of fraces of the prinied

15 ctreuit board are grounded to the ferrule.

12, The feedibrough assambly of claim 10, wherein at Jeast one of the plurality of

feadthrough conductors is a pin,

2 13, The feedthrough assembly of claim 10 and further comprising:
a ferrule; and
a printed circoit board, the chip capacitors being mounted on the printed cireuit
board and the feedihrough conductors passing through the printed circuit board, and
wherein the printed circuit board is disposed substantiafly within the farrile.

P
in

14, The feedthrongh nassembly of claim 10, wherein the at leasi one chip capacitor is a

balanced line chip capacitor.

13, The feedthrough assembly of claim 10, wherein at least one chip capacitors is

W0 physically located between adjacent feedthrough condactors,

16, The feedihrough assembly of claim 10 and further comprising;
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an inductor electrically connected 1o one of the chip capacitors.

17, The feedihrongh assembly of claim 10, wherein sach chip capacitor is connected lo

ground at a pair of grounding connection points.

18.  An assembly for an implantable medical device, the assembly comprising:

a feedthrough including a fernde, first and second feedthrough pins and & hermetic
seal between the fernule and the first and second feedthrough prs;

a printed circunit board located adjacent fo the ferrule, wherein the feedthrough pms
extend through the printed circuit board, and wherein the printed circutt board has at leasl
a pair of {races connecied to ground, and

a halanced line chip capacitor having opposing first and second end ferminals and a
pair of grounding connection points connected 1o the pair of traces on the printed circuit
board, wherein the balanced line chip capacilor is located between {he first and second
feedthrough pins, and wherein the firsi end terminal is electrically connected to the first
feedthrough pin and the second end termingl is electrically connected to the second

feedthrough pin.

19.  The assembly of claim 18, wherein the printed circwt board is disposed

substantiglly within the ferrule.

20, The assembly of claim 18 and further comprising:
an inductor embedded in the printed circuit bosrd snd electrically connected to the

balanced line chip capaciior.
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