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Description

[0001] This invention relates generally to the implant-
able medical devices and more specifically to telemetry
systems for allowing communication between implanted
medical devices and external programmers or monitors.
[0002] In the context of implantable medical devices,
it has become common to provide a communication link
between the implanted device and an external program-
mer or monitor in order to allow for transmission of com-
mands from the external device to the implanted device
and to allow for transmission of stored information and/or
sensed physiological parameters from the implanted de-
vice to the external programmer. Conventionally, com-
munication between an implanted device and an external
programmer has been accomplished by means of a te-
lemetry system which includes atransceiver located with-
inthe implanted medical device and an external program-
mer or monitor, each having a radio transmitter/receiver
and one or more antennas.

[0003] The implanted device typically includes an an-
tenna located either within the hermetic device housing
containing the circuitry, as disclosed in U.S. Patent No.
4,542,532 issued to McQuilkin, in a plastic header or con-
nector block used to interconnect the device to electrical
leads as disclosed in U.S. Patent No. 5,697,958 issued
to Patrick et al. or mounted to the device housing as in
U.S. Patent No. 5,861,019 issued to Sun et al. and U.S.
Patent No. 5,720,770 issued to Nappholz et al. The pro-
grammer or monitor typically includes or consists of a
programming head containing an antenna, intended to
be placed on the patient’s body in close proximity to the
implanted device. The programming head may be cou-
pled to the external programmer or monitor by means of
acord, as disclosed in U.S. Patent No. 5.766,232 issued
to Grevious et al.

[0004] More recently it has been proposed to provide
communication systems forimplantable devices in which
the programming head is done away with, and commu-
nication occurs directly between the programmer or mon-
itor, which may be located some distance from the pa-
tient, and the implanted medical device. Such systems
are disclosed in U.S. Patent No. 5,404,877 issued to No-
lan et al, and U.S. Patent No. 5,113,869 issued to Nap-
pholz. In the Nappholz patent, in particular, the use of an
electrical lead as the antenna for broadcasting RF signals
to the programmer or monitor which may be located some
feet away from the patient is suggested.

[0005] DE-A-2941363 discloses an implantable med-
ical device having a hermetic enclosure, an RF trans-
ceiver, a feedthrough mounted within the enclosure and
coupled to the RF transceiver and a wire antenna coupled
to the feedthrough.

[0006] The present invention is directed toward a te-
lemetry system for an implantable device which, like the
devices in the above cited Nolan and Nappholz patents,
allows for communication between an implanted device
and an associated external programmer or monitor with-
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out the necessity of a programming head placed on the
patient’s body in close proximity to the implanted device.
[0007] The invention provides, in one aspect, an im-
plantable medical device having a hermetic enclosure
with a non-conductive connector block, an RF transceiver
within the enclosure, a feedthrough mounted within the
enclosure and coupled to the RF transceiver, and a wire
antenna external to the connector block and coupled to
the feedthrough, characterized in that:

a metallic antenna load coupled to the antenna, said
load having a first portion that is in the form of an
isosceles triangle with an apex and a second portion
that is in the form of laterally extending tabs posi-
tioned at the base of the triangular first portion;

the base of the triangular first portion of the load be-
tween the laterally extending tabs being coupled to
the wire antenna; and

the apex of the triangular first portion of the load be-
ing coupled to the feedthrough.

[0008] Theimproved antenna configuration for the im-
planted device is thus optimized to allow for reliable com-
munication between an implanted device and the anten-
na of an external programmer or monitor which may be
spaced at least several tens of centimeters from one an-
other.

[0009] In preferred embodiments of the invention, the
antenna of the implanted device takes the form of a mo-
nopole antenna located external to the hermetic enclo-
sure of the implanted device, having a length tuned to
function optimally at the radio frequencies chosen for use
in the telemetry system. In a first embodiment of the in-
vention, the antenna takes the form of a tab-loaded mo-
nopole, comprising a wire encased in an insulative ma-
terial, extending from the connector block assembly of
the device and coupled to the RF transceiver located
within the device by means of a folded metal strip or tab
located in the connector block, extending between the
proximal end of the insulated wire and a feed-through
coupled to the RF transceiver circuitry within the housing
of the device. In particular, the folded metal strip may be
fabricated of metal foil or a metallized plastic film and
may take the general form of an isosceles triangle pro-
vided with laterally extending tabs at its base. In this em-
bodiment, the base of the triangle is coupled to the an-
tenna while the opposite apex of the triangle is coupled
to the feed-through and in turn to transceiver circuitry
within the device housing. The length of the insulated
wire is chosen to be optimized for the intended opera-
tional frequency range ofthe transceiver. In one preferred
embodiment, the transceiver takes the form of a RF trans-
ceiver operating at about 400 megaHertz and the length
of the insulated wire is approximately 12 centimeters. In
particular, the insulated wire in this embodiment may be
a stranded wire, insulated in a silicone rubber sleeve.
[0010] In a second embodiment, the antenna of the
implanted device takes the form of a length of coaxial
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cable having a central or core wire coupled to a
feedthrough, in turn coupled to transceiver circuitry within
the device housing and having a coaxial shield extending
overonly a portion of the length of the cable. For example,
in the context of an implanted device having a transceiver
intended to operate in the vicinity of 400 megaHertz, the
coaxial cable may extend for a length of approximately
12 centimeters from the point at which it is coupled to the
feedthrough, of which length only the four centimeters
closest to the feedthrough are provided with a coaxial
shield. In particular, the antenna may be a length of co-
axial type cable, having a metallic center conductor, a
3.1 dielectric and a braided wire coaxial shield, stripped
of its outer insulation and stripped of its coaxial shield
over the eight centimeters most distant from the
feedthrough. The four centimeters over which the shield
extends may conveniently be located in the connector
block of the device, with the remaining eight centimeters
either extending freely outward from the connector block
or mounted to the device housing and encased in an
insulating material.

[0011] In either of the two embodiments described
above, the antenna may be manufactured as an integral
part of implanted device or, that portion of the antenna
extending external to the connector block may be man-
ufactured as a separate piece part, coupled to the portion
of the antenna within the connector block by means of a
standard electrical connector. In this context, the portion
of the antenna extending from the connector block may
be included as a portion of an implantable stimulation
lead, also inserted into the connector block. In a preferred
embodiment, the portion of the antenna located external
to the connector block is mechanically coupled atits distal
end to the stimulation lead.

[0012] An implantable device according to the inven-
tion is preferably employed with a programmer or monitor
having a spatial diversity antenna array in order to facil-
itate reception of signals from the implanted device and
transmission of signals to the implanted device, within a
wide area surrounding the monitor or programmer. One
appropriate embodiment of an antenna for the program-
mer or monitor takes the form of two antennas, each com-
prising two conductive plates mounted orthogonally to
one another on exterior or interior surfaces of a housing
which may be the programmer or monitor housing. In this
embodiment, the portion of the housing to which the an-
tennas are mounted is fabricated of a non-conductive
material such as plastic. The two metallic plates of each
antenna may be mounted adjacent opposing corner edg-
es of the housing. For example, in the context of pro-
grammers or monitors provided with an LCD or CRT dis-
play, the antennas may be mounted adjacent opposite
upper corners of the housing enclosing the display. In
such an embodiment, each of the two antennas would
include a plate mounted to the upper surface of the dis-
play housing and a plate mounted to an adjacent side
surface of the display housing.

[0013] In each of the two antennas, the two plates are
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coupled to an RF feed cable by means of a 1800 splitter
and tuned circuit. Selection of which of the two antennas
is employed to transmit or receive signals from the im-
planted device is made by means of control circuitry with-
in the programmer or transmitter. Selection may be made
based on the magnitude of the signal received by the
programmer or monitor from the implanted device or may
be made in response to the establishment of a robust
communication link between the implanted device and
the monitor or programmer.

[0014] In a second embodiment, a programmer or
monitor appropriate for use with the implanted device
may be provided with a spatial diversity antenna array
comprising two antennas, each including a pair of tuned
stub antennas mounted orthogonal to one another and
located adjacent opposite corner edges of a portion of a
housing which may be the programmer or monitor hous-
ing, in a fashion analogous to the plate antenna elements
described previously. In this embodiment, the portion of
the housing to which the stub antenna elements are
mounted is conductive, rather than insulative. For exam-
ple, the portion of the device carrying the antennas may
take the form of a generally rectangular, box-like enclo-
sure with antennas located adjacent opposite edge cor-
ners of the enclosure such that each of the antennas
includes a stub antenna element extending upwards from
an upward surface of the enclosure and a stub antenna
element extending laterally outward from an adjacent
side surface of the enclosure, preferably oriented 900
from the antenna element extending from the upper sur-
face of the enclosure. Like the plate antenna elements
described above, the two adjacent stub antenna ele-
ments are coupled to a 1800 power splitter and tuned
circuit, each of which s in turn coupled to a selector switch
to allow selection between either of the two antennas.
As discussed in conjunction with the plate antenna array
described above, selection of which of the two antennas
is employed may be accomplished by either a measure-
ment of received signal strength or verification of accu-
rate data transmission.

[0015] Inconjunction with both embodiments of the an-
tenna arrays for use in conjunction with the programmer
or monitor, the antenna pairs are preferably spaced by
a fraction of a wavelength of the center frequency of the
transceivers employed in the implanted device and the
programmer/monitor. For example, in some embodi-
ments intended for use in conjunction with transmitters
and receivers operating at approximately 400 mega-
Hertz, the two antenna pairs may be spaced approxi-
mately 28 to 30.5 cm (11.5 to 12.5 inches) from one an-
other.

[0016] Preferred embodiments of the present inven-
tion will now be described, by way of example only, with
reference to the accompanying drawings.

[0017] Figure 1aisa perspective view of a programmer
or monitor provided with a first antenna array appropriate
for use with an implanted device according to the present
invention.
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[0018] Figure 1billustrates the configuration of an an-
tenna plate as employed in the programmer or monitor
of Figure 1a.

[0019] Figure 2ais a perspective view of a programmer
or monitor provided with a second embodiment of an an-
tenna array appropriate for use with an implanted device
according to the present invention.

[0020] Figure 2b is an illustration of a tuned stub an-
tenna element as employed in the programmer or monitor
of Figure 2a.

[0021] Figure 3 is a functional diagram illustrating the
interconnection of the antenna array RF circuitry and oth-
er functional components of the programmer or monitor
illustrated in Figure 1a.

[0022] Figure4isadrawingillustrating the correspond-
ing interconnection of the antenna array of Figure 2a with
the circuitry of the programmer or monitor of Figure 2a.
[0023] Figure 5 illustrates an exemplary type of RF
transceiver appropriate for use in conjunction with the
programmer or monitors of Figures 1 - 4 above and for
use in conjunction with an implantable device embodying
the present invention.

[0024] Figure6aisaplanview of animplantable device
according to the present invention employing a first em-
bodiment of an antenna.

[0025] Figure 6b illustrates the configuration of the
metal tab portion of the antenna of the device of Figure 6a.
[0026] Figure 7 illustrates an implantable device 120
according to the present invention employing a second
embodiment of an antenna.

[0027] Figure 8 is a plan view of an implantable device
according to the present invention employing a third em-
bodiment of an antenna.

[0028] Figure 9is a plan view of an implantable device
illustrating how antennas generally corresponding to
those of Figures 6 and 8 may be combined with an elec-
trode lead for use in an implantable device according to
the present invention.

[0029] Figure 10 is a functional block diagram of an
implantable device according to the present invention.
[0030] Figure 1a is a perspective drawing of a pro-
grammer or monitor 10 appropriate for use in practicing
the present invention. The monitor is provided with a dis-
play 16 which may take the form of an LCD display or a
CRT and a keyboard 17 which allows the physician to
enter commands. The antenna array of the programmer
or monitor 10 includes two antennas, each antenna com-
prising two orthogonally located antenna elements, illus-
trated in Figure 1 as antenna elements 13, 14 and 15. A
fourth antenna element 12 is indicated in broken outline.
In this embodiment, the monitor housing is made of non-
conductive material and the antenna elements are locat-
ed either on the exterior or interior surface of the housing,
as is convenient.

[0031] Thetwo elements of each antennatake the form
of metal strips or plates located relative to one another
such that the plates or strips define planes which are
generally orthogonal to one another. For example, ele-
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ments 14 and 15 are located on internal or external sur-
faces adjacent a corner edge 19, of the monitor housing
11 and elements 12 and 13 are located on internal or
external surfaces adjacent an opposite corner edge 18
of the monitor housing 11. The two antennas are prefer-
ably oriented so that each plate or strip of an antenna
defines a plane which is parallel to or coplanar with the
plane defined by a corresponding plate or strip of the
other antenna. For example, plates or strips 13 and 14
are generally coplanar and plates or strips 12 and 15 are
generally parallel. The two antennas are preferably sep-
arated by a fraction of the wavelength of the center fre-
quency employed by the transceivers in the programmer/
monitor and implanted device. In the context of a telem-
etry system operating in the vicinity of 400 megaHertz,
for example, the spacing between antenna elements 13
and 14 may be, for example, about 175 cm (7 inches).
The orientation of the antenna elements provides for spa-
tial diversity, facilitating the ability to receive transmis-
sions from the implanted device when located at any
number of locations in the general vicinity of the program-
mer/monitor, providing for greater flexibility in use of the
telemetry system. Although not illustrated in Figure 1, in
each antenna, the two elements are coupled to one an-
other by means of a 1800 power splitter/tune circuit, and
the programmer/monitor is provided with circuitry therein
for selecting between the two antennas, based on signal
strength and/or verification of accurate transmission from
the implanted device.

[0032] Figure 1b illustrates an exemplary antenna el-
ement appropriate for use in a programmer or monitor
as illustrated in Figure 1. The antenna element 13 as
illustrated may be fabricated from a 0.125 mm (0.005")
thick sheet of copper or other highly conductive metal
mounted to an inner or outer surface of the non-conduc-
tive housing of the programmer or monitor. Alternatively,
the antenna element may be formed by depositing a sim-
ilarly configured coating of copper or other highly con-
ductive metal on an inner or outer surface of the non-
conductive housing of the programmer or monitor. In the
particular embodiment illustrated, the antenna element
takes the form of a strip having a length L, of approxi-
mately 5 cm (2") and a width W of approximately 31.25
cm (1.25"). One end of the strip is tapered over a length
T of approximately 4.5 cm (1.8") to a point 13a. The an-
tenna element is preferably coupled to the power splitter/
tuned circuit within the housing of the programmer or
monitor by means of a feed line attached adjacent point
13a.

[0033] Figure 2a is a perspective drawing of an alter-
native embodiment of a programmer or monitor appro-
priate for use in conjunction with an implanted device
according to the present invention. In this embodiment,
the programmer or monitor is similarly provided with a
display 27 located in the display housing 21 and with a
keyboard for entry of commands by the physician. In this
embodiment, however, the antennas are mounted to a
conductive, generally rectangular housing 22. In this em-
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bodiment, two antennas are provided, each antenna
comprising two orthogonally oriented tuned stub antenna
elements. The first antenna includes antenna elements
23 and 24 which are mounted so that their longitudinal
axes are located orthogonally to one another adjacent
an upper edge 30 of the housing 22. The second antenna
comprises antenna elements 25 and 26 which are like-
wise mounted so that their longitudinal axes are located
orthogonal to one another adjacent to upper edge 29 of
the metallic housing 22. Antenna elements 23, 24, 25
and 26 may be coiled stub antenna elements, having
lengths optimized for use in receiving the center frequen-
cy of the transceivers employed by the programmer or
monitor and the implanted device.

[0034] The antenna of Figure 2a array employs two
horizontally directed stub antenna elements 23 and 25
which have their axes generally parallel or co-linear with
one another and two vertically directed stub antenna el-
ements 24 and 26 which have their axes parallel to one
another but perpendicular to the horizontally directed
stub antenna elements 23 and 25. Preferably the axes
of the stub antenna elements of each of the antennas
are coplanar and the axes of all stub antenna elements
in both antennas may likewise be coplanar. The antennas
are preferably spaced a fraction of the center frequency
wavelength from one another. For example, in the em-
bodiment illustrated in Figure 2, the stub antenna ele-
ments 24 and 26 may be spaced approximately 30 cm
(12 inches) from one another. Although not visible in this
drawing; it should be understood that the two elements
of each antenna are coupled to one another by means
ofa 1800 power splitter/tuned circuit, located within hous-
ing 22. As in the case of the programmer or monitor il-
lustrated in Figure 1a, the device includes circuitry for
switching between the two antennas as a function of ei-
ther the signal strength of the signal received from the
signal received from the associated implanted device or
as a function of verification of accurate data transmission.
[0035] Figure 2b illustrates the configuration of a stub
antenna element appropriate for use with a programmer
or monitor as illustrated in Figure 2a. For example, in the
case of a telemetry system operating the range of 400
megaHertz, the stub antenna element 23 may be a coil
of number 12 wire 23a having a diameter D of about
0.625 cm to 0.9375 cm (1/4 to 3/8"), and a length L, of
about 5¢cm (2"), covered by a sheath 23b of rubberized
plastic and mounted to a connector base 23c which al-
lows the antenna element to be mounted to and insulated
from the conductive housing of the programmer or mon-
itor.

[0036] Figure 3 is a diagram illustrating the intercon-
nection of the antenna array of the programmer or mon-
itor of Figure 1a with the circuitry and other functional
components included therein. In this view, the outline of
the display housing 11 is illustrated, showing the relative
location of antenna elements 12, 13, 14 and 15. The ta-
pered end portions of plates or strips 12 and 13 are cou-
pled by feed wires to a 1800 power splitter/tuned circuit
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31 which is in turn coupled to antenna selection switch
32. Similarly, the tapered end portions of plates or strips
14 and 15 of the second antenna are coupled to a second
1800 power splitter/tuned circuit 33 which is also coupled
to antenna selector switch 32. The controller circuitry 46
of the programmer selects which of the two antennas is
employed by means of control line 34. RF signals are
carried between the antenna switch 32 and UHF trans-
ceiver 38 via RF line 36.

[0037] The circuitry within the programmer or monitor
includes a microprocessor 50 which controls the opera-
tion of the device as a function of programming stored in
RAM/ROM 54 and/or hard disk drive 52, both of which
are coupled to the microprocessor via data/address bus
48. Commands from the physician are provided to the
microprocessor via keyboard 17 and/or any additional
control buttons (or if the display is touch sensitive from
the display as well). Information regarding the operation
of the programmer or monitor and information received
from the associated implanted device are displayed on
display 16, under control of graphics circuitry 56. The
graphics circuitry, microprocessor, hard disk drive,
RAM/ROM circuitry, keyboard and display may all cor-
respond to corresponding components of personal com-
puters and/or prior art programmers and monitors.
[0038] Operation of the telemetry system is controlled
by controller circuit 46 which operates under control of
microprocessor 50. UHF transceiver 38 is a multi-fre-
quency transceiver, preferably a transceiver capable of
operating in a number of frequency bands, in which data
is encoded by frequency shift from a defined center fre-
quency. Controller 46 via control bus 43 defines the op-
erational frequency of the transceiver 38, and by means
of transmit/receive line. 47 configures the transceiver to
either transmit RF signals to the antennas or receive RF
signals from the antennas. Controller 46 also provides
the data to be telemetered to the implanted device to
data processing circuitry 44 and receives decoded re-
ceived data from the implanted device from data process-
ing circuit 44, also via data bus 45. Data provided by
controller 46 to data processing circuitry 44 is converted
therein from parallel to serial format and provided serially
to UHF transceiver 38 on TX data line 42. Correspond-
ingly, data received by UHF transceiver 38 is provided
in serial format on DEMOD line 40 to data processing
circuitry 44, and is converted therein to parallel format
and provided to the microprocessor 50 via controller cir-
cuitry 46. Controller 46 is also capable of monitoring the
amplitude of the signal received by the currently active
antenna via RF line 35 from UHF transceiver 38 in order
to allow for selection between the two antennas as de-
scribed above. In operation, during receipt of transmis-
sions from the associated implanted device, the control-
ler 46 may select which of the two antennas is employed
as a function of the amplitude of the received RF signal
as indicated on RF line 35. Alternatively, the controller
may verify the integrity of the data received from data
processing circuitry 44 via data line 45, and switch be-
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tween antennas in the event that the received data has
greater than a defined number of errors per transmission.
[0039] Figure 4 is a figure illustrating the interconnec-
tion of the stub antenna elements 23, 24, 25 and 26 of
Figure 2a with corresponding circuitry within the pro-
grammer or monitor 20 of Figure 2a. As illustrated, the
first antenna includes stub antenna elements 25 and 26,
located adjacent the upper edge 29 of metallic enclosure
22. Stub antenna elements 25 and 26 are coupled to a
1800 power splitter/tuned circuit 31 which corresponds
to the identically labeled circuit in Figure 3. Similarly, the
stub antenna elements 23 and 24 of the second antenna,
located adjacent upper edge 30 of enclosure 22 are also
coupled to a 1800 splitter/tuned circuit, which also cor-
responds to the identically numbered component in Fig-
ure 3. The 1800 power splitter/tuned circuits 31 and 33
are correspondingly coupled to an antenna selector
switch as corresponding to that illustrated in Figure 3
which is coupled to the circuitry within the programmer/
monitor via RF line 36 and control line 44 in the same
fashion as described in conjunction with Figure 3.
[0040] Figure 5 is a block functional diagram of one
type of transceiver appropriate for use in conjunction with
the present invention in both the implanted device and
the associated programmer. As illustrated, the transceiv-
er is shown as it would be interconnected to the circuitry
of the programmer or monitor. However, the description
of its operation below also applies to the transceiver as
employed in the implanted device. Other transceiver
types corresponding, for example to transceivers em-
ployed in prior art implantable devices and associated
programmers may of course be substituted, with corre-
sponding dimensional changes to the antennas as dis-
closed herein to optimize their performance for the fre-
quencies employed by the transceivers.

[0041] Examples of alternative transceivers are de-
scribed in U.S. patent No. 5,342,408, issued to DeCori-
olis et al., U.S. patent No. 5,476,488, issued to Morgan
et al., U.S. Patent No. 5,683,432, issued to Goedeke et
al., U.S. Patent No. 4,365,290, issued to Nelms et al. and
U.S. Patent No. 5,693,076, issued to Kaemmerer or U.S.
Patent No. 5,752,977, issued to Grevious et al., or as
disclosed in any of the above-cited prior patents related
to programmers for use with implantable devices.
[0042] In particular, the transceiver 38 may be config-
ured to operate employing center frequencies in the vi-
cinity of 400 megaHertz. The receiver includes a UHF
frequency synthesizer 74 which operates under control
of control bus 43 to define a center frequency and data
frequencies spaced above and below the center frequen-
cy. A number of center frequencies and associated data
frequencies may be defined to provide for multi-channel
operation. Control of the transceiverto operate as a trans-
mitter or receiver is accomplished through the transmit/
receive control line 47 which causes transmit/receive
switch 60 to couple RF line 36 (coupled to the antenna
array) to either the frequency synthesizer 74 or to mixer
66 via one or more filtration and amplification stages 62
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and 64. While operating as areceiver, the UHF frequency
synthesizer applies the center frequency to the mixer 66
and thereafter to quadrature detection circuitry 72 via one
or more filtration and amplification stages 68 and 70. The
demodulated quadrature signal on line 40 is passed
through to the data processing circuitry 44 where it is
converted from a serial to a parallel format and thereafter
provided to the microprocessor 50 via control circuitry 46
and data/address bus 48 (Figure 3).

[0043] During transmission, the transmit/receive
switch 68 couples the RF line 36 (in turn coupled to the
antenna array) to the output of the UHF frequency syn-
thesizer 74 which outputs a frequency shifted above or
below the center frequency as a function of the logic value
of the serially applied data on TX data line 42. The as-
sociated implanted device correspondingly has a similar
UHF transceiver operating in an analogous fashion to
receive the RF signals from the programmer or monitor
and to transmit RF signals to the programmer/monitor.
[0044] Figure 6a is a perspective view of a first em-
bodiment of an implanted device 100 embodying the
present invention. The device includes a hermetic enclo-
sure 102 which includes a battery and electronic circuitry,
including an RF transceiver as described above. Mount-
ed to the enclosure 102 is a header or connector block
118 which is preferably fabricated of a plastic such as
epoxy. As illustrated, the plastic is transparent, however,
an opaque plastic or other insulative material may also
be substituted. As illustrated, the device includes a con-
nector bore 112 which is intended to receive the electrical
connector of an associated electrical lead, such as a car-
diac pacing lead, a cardiac monitoring lead, a cardiover-
sion/defibrillation lead, or a lead coupled to a physiologic
sensor such as an oxygen sensor, pressure sensor, or
the like. The lead is coupled to the internal circuitry within
the enclosure 104 by means of one or more electrical
connectors 110, each coupled to an associated
feedthrough 108 and thereby coupled to the circuitry with-
in enclosure 102. The portion of the antenna external to
the connector block may take the form of a wire 114 sur-
rounded by an insulative coating 116. The wire may take
the form of a stranded conductor, for example a 0.5 mm
(0.020") diameter stranded wire surrounded by silicone
rubber insulation 116. The length of wire 114 is chosen
to be optimized for use in conjunction with the center
frequency of the UHF transceiver within the device 100.
In the context of a device operating in the vicinity of 400
megaHertz, forexample, the length of conductor 114 may
be approximately 8 centimeters. Mounted within connec-
tor block 118 is a metallic antenna loading tab 104 which
takes the general form of an isosceles triangle having
laterally extending tabs at its base and coupled atits apex
to a feedthrough 106 which is in turn coupled to the UHF
transceiver within the device 100. Wire 114 is coupled to
the base of the loading tab 104, as illustrated in more
detail in Figure 6b.

[0045] Figure 6billustrates one preferred configuration
for the antenna loading tab 104. As illustrated, the tab
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generally takes the form of an isosceles triangle having
an apex 500 which is coupled to the feedthrough 106 and
thereby to the UHF transceiver within the housing and a
base 502 which is coupled to the stranded wire 114 of
the antenna. The base portion of the tab is provided with
two lateral extensions 504 and 506. The tab may be fab-
ricated of a gold plated plastic sheet approximately 0.5
mm (.020") in thickness, and the length of the tab from
the apex 500 to the base 502 may be approximately 4
cm (1.6 inches). The tab may alternatively be deposited
on an external surface of the connector block and cov-
ered with a plastic or silicone rubber coating. The antenna
configuration illustrated in Figures 6a and 6b is particu-
larly desirable in the context of an implanted device em-
ploying a UHF transceiver. The antenna so provided is
a broad band high efficiency antenna, in which the tab
104 functions as a sub-wavelength radiating element and
in which the length of the wire 114 is chosen to provide
optimal performance for the particular frequency bands
employed by the transceiver.

[0046] Figure 7 illustrates an implantable device 120
employing an alternative antenna embodiment. Like the
device of Figure 6a, the device includes an enclosure
122 which contains a battery and associated electronic
circuitry including a UHF transceiver as discussed above.
Mounted to the enclosure is a connector block 138 which
in this case is a generally "L" shaped molded plastic com-
ponent extending over two adjacent edge surfaces of the
enclosure 122. Like the connector block 118 of Figure
6a, connector block 138 is also provided with a connector
bore 132 and one or more electrical connectors 130 cou-
pled to electronic circuitry within the enclosure 122 by
means of one or more feedthroughs 128. In this embod-
iment, the antenna takes the form of a length of coaxial
cable having its center conductor 134 coupled to a
feedthrough 126 which is in turn coupled to the trans-
ceiver within the enclosure 122 and having a braided
shield 124 coupled to the device enclosure 122, which
is typically fabricated of a conductive material such as
stainless steel or titanium. The braided shield 124 is elec-
trically coupled to the enclosure 122 and extends over
only a portion of the length of the antenna, with the re-
mainder of the antenna consisting of the unshielded cent-
er conductor 134 surrounded by diametric 136. For ex-
ample, the antenna may take the form of a shielded R-F
type coax cable with its outer insulation removed, having
a 0.05 mm (0.0020") diameter center conductor fabricat-
ed of a stranded wire, a cable dielectric of 3.1 plastic and
a braided wire outer shield. The antenna may be approx-
imately 12 centimeters in length, and the braided shield
124 may extend only 4 centimeters from the point of con-
nection of the cable to feedthrough 126. The entire an-
tenna in this embodiment is.molded into connector block
138, avoiding any inconvenience associated with a pro-
jecting antenna as in Figure 6a.

[0047] Figure 8 illustrates yet another alternative em-
bodiment of an implantable device 140 employing the
present invention. Like the devices of Figures 6a and 7,
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the device is provided with a hermetic enclosure 142
which contains a battery and associated electronic cir-
cuitry including a UHF transceiver. A connector block 154
is mounted to the enclosure and carries a connector bore
152 and one or more associated electrical connectors
150 each coupled to an associated feedthrough 148 as
described above. In this embodiment, like the embodi-
ment of Figure 7, the antenna takes the form of a length
of coaxial cable, coupled to a feedthrough 146 which is
in turn coupled to the transceiver within the device 142
and having a braided shield 144 coupled to the conduc-
tive device enclosure 142.

[0048] In this embodiment, like the embodiment of Fig-
ure 7, the braided shield 144 extends over only a portion
of the antenna. For example, as discussed above in con-
junction with Figure 7, the 4 centimeters of the cable ex-
tending from the feedthrough 106 may be covered by
braided shield 144, with the center connector 154 un-
shielded over the remainder of the length of the antenna
which may total, for example, 12 centimeters. In this em-
bodiment, the unshielded portion of the center conductor
154 and the associated dielectric 156 of the cable extend
outward from the connector block 152 to provide a con-
figuration which is similar externally to that illustrated in
conjunction with that of Figure 6a. The antennas of Fig-
ures 7 and 8, like the antenna of Figures 6a and 6b are
particularly desirable for use as antennas in conjunction
with implanted devices employing UHF transceivers, as
they provide a broad band, high efficiency antenna for
transmission and reception of UHF radio signals.
[0049] Figure 9is a perspective drawing of an implant-
able device 160 in which the portion of the antenna which
extends outward from the connector block, for example,
as illustrated in Figures 6 and 8, is configured to be part
of an associated electrical lead 170. In this embodiment,
the electrical lead is provided with a first electrical con-
nector 172 which carries a conductor extending through
aninsulative lead body 178 to a stimulation/sensing elec-
trode 180, for example, as might be employed if the im-
planted device takes the form of a cardiac pacemaker.
The portion of the antenna 176 which extends exterior
to connector block 164 is coupled to the lead body 178
by means of a molded plastic collar 180 and is provided
with a second connector assembly 174 which is inserted
into a second connector bore within connector block 164
which couples the exposed portion 176 of the antenna
to the remainder of the antenna located within the con-
nector block. For example, in the context of an antenna
generally as illustrated in Figures 6a and 6b, the exposed
portion of the antenna 176 may take the form of a strand-
ed conductor in a silicone rubber insulation, and connec-
tor 174 may serve, in conjunction with an internal con-
nector block would couple the exposed portion 176 of
the antenna to the tab located within header 164. Corre-
spondingly, in a device having an antenna generally as
illustrated in Figure 8, the exposed portion 176 of the
antenna may take the form of the center conductor and
dielectric of a coaxial cable, coupled to a short length of
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shielded coaxial cable within connector block 164 by
means of connector 174.

[0050] Figure 10 is block functional diagram of an im-
plantable device appropriate for use in practicing the
present invention. In this case, the device takes the form
of an implantable cardiac pacemaker, which operates
under control of microprocessor 208 under control of pro-
gramming stored in RAM/ROM circuitry 210. Basic timing
and operational functions of the pacemaker are provided
by pacer/timing control circuitry 212, which defines the
various escape intervals, pulse widths, sensing intervals
and the like associated with operation of a cardiac pace-
maker. Selection of intervals in operative modes is ac-
complished by microprocessor 208 via data/address bus
222. As illustrated, the device is provided with an input
amplifier 214 which senses cardiac depolarizations via
electrodes 218 and 220. For example, electrodes 218
and 220 may be located on an electrical lead associated
with the device and inserted into a connector receptacle
of the header coupled to the device enclosure, as illus-
trated in Figures 6 through 9, above. An output pulse
generator 216 is provided for delivering cardiac pacing
pulses to electrodes 218 and 220 according to any of the
standard cardiac pacing modes. The illustrated embod-
iment of the implantable device as a cardiac pacemaker
is purely exemplary, and it should be understood that the
implantable device may of course take the form of an
implantable nerve stimulator, implantable heart monitor,
implantable drug pump or any other implantable elec-
tronic device which employs a telemetry system to com-
municate between the implanted device and an associ-
ated external programmer or monitor.

[0051] The telemetry circuitry of the device corre-
sponds generally to that discussed above in conjunction
with Figure 3 in the context of the associated external
programmer or monitor. The antenna 200 which may take
the form of any of the antennas illustrated in Figures 6
through 9 is coupled to a UHF transceiver 202 which may
correspond to the UHF transceiver 38 illustrated in Fig-
ures 3 and 5 described above. Alternatively, the trans-
ceiver 38 may take the form of a zero IF or direct con-
version transceiver of the general type described in U.S.
Patent No. 4,523,324 issued to Marshall et al., U.S. Pat-
ent No. 4,618,967 issued to Vance et al and U.S. Patent
No. 4,580,101 issued to Lax et al. In such embodiments,
the transceiver may correspond generally to zero IF di-
rect conversion FSK paging receivers intended to oper-
ate in the UHF band.

[0052] Like the circuitry within the programmer, oper-
ation of the transceiver is controlled via control bus 228
by telemetry control circuitry 206 which may correspond
generally to control circuitry 46 of Figure 3. Demodulated
data from UHF transceiver 202 is provided via DEMOD
line 226 to data processing circuitry 204 which converts
the data from serial format to parallel format and provides
it to microprocessor 208 via data/address bus 222. Data
to be transmitted is converted from parallel format to se-
rial format and provided to the transceiver via TX data
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line 224, in a fashion analogous to that discussed above
in conjunction with Figure 3 in the context of the external
programmer or monitor.

Claims

1. An implantable medical device (100) having a her-
metic enclosure (102) with a non-conductive con-
nector block (118), an RF transceiver within the en-
closure, a feedthrough (108) mounted within the en-
closure and coupled to the RF transceiver, and a
wire antenna (114) external to the connector block
and coupled to the feedthrough, characterized by
ametallic antennaload (104) coupled to the antenna
(114), said load having a first portion that is in the
form of an isosceles triangle with an apex (500) and
a second portion that is in the form of laterally ex-
tending tabs (502, 504) positioned at the base of the
triangular first portion;
the base of the triangular first portion of the load be-
tween the laterally extending tabs being coupled to
the wire antenna; and
the apex (500) of the triangular first portion of the
load being coupled to the feedthrough.

2. Thedevice of claim 1 wherein the antenna load (104)
comprises a gold-plated plastic sheet.

3. The device of claim 2 wherein the sheet is
approximately .05 cm thick.

4. The device of claim 2 or 3 wherein the length of the
sheet from the apex (500) to the base (502) is ap-
proximately 4 cm.

5. The device of any preceding claim further charac-
terized in that the wire antenna (114) comprises a
stranded conductor.

6. The device of any preceding claim further charac-
terized in that the wire antenna (114) is abroadband
antenna and wherein the antenna load (104) pro-
vides a sub-wavelength radiating element.

7. The device of claim 6 wherein the length of the wire
antenna (114)is predetermined to perform at the par-
ticular frequency band employed by the transceiver.

8. A device according to claim 1 or claim 2 or claim 3
comprising a second feedthrough (106) coupled to
the performing means and wherein the header com-
prises means for connecting a medical electrical lead
to the second feedthrough.

9. A device according to claim 1 or claim 2 or claim 3
wherein the transceiver is a UHF transceiver.
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Patentanspriiche

1.

Implantierbare medizinische Vorrichtung (100) mit
einem hermetischen Gehduse (102) miteinem nicht-
leitenden Verbindungsblock (118), einem Hochfre-
quenz- (HF bzw. RF) Transceiver innerhalb des Ge-
hauses, einer Durchfiihrung (108), die innerhalb des
Gehduses montiert und mit dem HF-Transceiver
verbunden ist, und einer Drahtantenne (114), die au-
Rerhalb des Verbindungsblocks und mit der Durch-
fihrung verbunden ist, gekennzeichnet durch
eine metallische Antennenlast (104), die mit der An-
tenne (114) verbunden ist, wobei die Last einen er-
sten Abschnittin Form eines gleichschenkligen Drei-
ecks mit einer Spitze (500) und einen zweiten Ab-
schnitt in Form sich lateral erstreckender Streifen
(502, 504), die an der Basis des dreieckigen ersten
Abschnitts angeordnet sind, aufweist;

wobei die Basis des dreieckigen ersten Abschnitts
der Last zwischen den sich lateral erstreckenden
Streifen mit der Drahtantenne verbunden ist; und
die Spitze (500) des dreieckigen ersten Bereichs der
Last mit der Durchfihrung verbunden ist.

Vorrichtung nach Anspruch 1, bei der die Antennen-
last (104) eine vergoldete bzw. goldbeschichtete
Plastik- bzw. Kunststofflage aufweist.

Vorrichtung nach Anspruch 2, bei der die Lage un-
gefahr 0,05 cm dick ist.

Vorrichtung nach Anspruch 2 oder 3, bei der die Lan-
ge der Lage von der Spitze (500) zu der Basis (502)
ungefahr 4 cm betragt.

Vorrichtung nach einem der vorstehenden Anspri-
che, ferner dadurch gekennzeichnet, dass die
Drahtantenne (114) einen verdrillten bzw. drahtigen
Leiter aufweist.

Vorrichtung nach einem der vorstehenden Anspri-
che, ferner dadurch gekennzeichnet, dass die
Drahtantenne (114) eine Breitbandantenne ist, und
bei der die Antennenlast (104) ein mit einer Sub-
Wellenlange strahlendes Element bereitstellt.

Vorrichtung nach Anspruch 6, bei der die Léange der
Drahtantenne (114) vorbestimmt ist, um in dem spe-
ziellen Frequenzband, das vom Transceiver verwen-
det wird, zu arbeiten.

Vorrichtung gemaf Anspruch 1 oder 2 oder 3 mit
einer zweiten Durchfuihrung (106), die mit den Be-
triebsmitteln verbunden ist, und bei der der Kopf Mit-
tel zum Verbinden einer medizinischen elektrischen
Leitung mit der zweiten Durchfiihrung aufweist.

Vorrichtung nach Anspruch 1 oder 2 oder 3, bei der
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der Transceiver ein UHF-Transceiver ist.

Revendications

Dispositif médical implantable (100) ayant une en-
ceinte hermétique (102) munie d’'un bloc de con-
nexion non-conducteur (118), un émetteur-récep-
teur haute fréquence (RF) dans I'enceinte, un pas-
sage (108) monté a l'intérieur de I'enceinte et couplé
a I'’émetteur-récepteur RF, une antenne filaire (114)
externe au bloc de connexion et couplée au passa-
ge, caractérisé par :

une charge d’antenne métallique (104) couplée
a l'antenne (114), ladite charge ayant une pre-
miére partie qui est dans la forme d’un triangle
isocele ayant un sommet (500) et une seconde
partie qui est sous la forme de languettes s’éten-
dant latéralement (502, 504) positionnées a la
base de la premiére partie triangulaire,

la base de la premiére partie triangulaire de la
charge entre les languettes s’étendant latérale-
ment étant couplée a I'antenne filaire, et

le sommet (500) de la premiére partie triangu-
laire de la charge étant couplé au passage.

Dispositif selon la revendication 1, dans lequel la
charge d’antenne (104) comporte une feuille en ma-
tiere plastique recouverte d’or.

Dispositif selon la revendication 2, dans lequel la
feuille a une épaisseur d’approximativement 0,05
cm.

Dispositif selon la revendication 2 ou 3, dans lequel
la longueur de la feuille du sommet (500) jusqu’a la
base (500) est approximativement de 4 cm.

Dispositif selon 'une quelconque des revendications
précédentes, caractérisé en outre en ce que l'an-
tenne filaire (114) comporte un conducteur torsadé.

Dispositif selon 'une quelconque des revendications
précédentes, caractérisé en outre en ce que l'an-
tenne filaire (114) est une antenne large bande et
dans lequel la charge d’antenne (104) fournit un élé-
ment rayonnant de longueur d’'onde secondaire.

Dispositif selon la revendication 6, dans lequel lalon-
gueur de I'antenne filaire (114) est prédéterminée
pour fonctionner a la bande de fréquences particu-
liere utilisée par I'émetteur-récepteur.

Dispositif selon larevendication 1 oularevendication
2 ou la revendication 3, comportant un second pas-
sage (106) couplé aux moyens de fonctionnement
et dans lequel le couvercle comporte des moyens
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pour relier un raccord électrique médical au second
passage.

Dispositif selon larevendication 1 oularevendication
2 ou la revendication 3, dans lequel I'émetteur-ré-
cepteur est un émetteur-récepteur ultra-haute fré-
quence (UHF).
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