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BIOTHERMAL POWER SOURCE FOR
IMPLANTABLE DEVICES

FIELD OF THE INVENTION

A device for providing a permanent source of energy
comprised of a thermoelectric module for creating electrical
energy created by a temperature gradient in the body.

BACKGROUND OF THE INVENTION

Implantable medical devices (such as, for example, car-
diac assist devices, drug infusion pumps, and pain manage-
ment devices) all require electrical power to carry out
functions such as pacing the heart, delivering a drug, or
stimulating nerves. These devices also require electrical
power for basic control functions and for communicating
with other devices and with external controllers.

The use of these and other active medical implantable
devices is growing in popularity as new technology enables
further miniaturization and as the basic understanding of
disease grows. An example of this is the recent expansion of
electronic sensing and stimulation technology to applica-
tions in deep brain stimulation (DBS), which shares much of
the technology developed for cardiac pacing systems and is
providing relief to people suffering from Parkinson’s disease
and epilepsy. The expansion of applications for implantable
medical devices will only accelerate in the future.

One of the early limitations to the implantation of medical
electronics was the power source itself, and much develop-
ment work has been done over the past forty years to
improve the reliability and longevity of battery sources and
to reduce the power demands of the pacemaker circuits
themselves. As a result, current pacemaker batteries last
several years in many applications.

In spite of these improvements in pacemaker and battery
design, and especially in the case of other implantable
devices that put heavy demands on their power source, one
of the primary reasons for surgical removal of cardiac
pacemakers and other implanted devices is battery lifetime.
The need for surgical removal of an entire implanted device
is often the result of the need to integrate the battery into the
primary device case in order to eliminate corrosion thereof
and the adverse health effects of leakage.

Some attempts have been made to provide a renewable
power source by means of applying external power, prima-
rily by inductive coupling of radio frequency (RF) energy to
an internal, implanted antenna. However, the use of this
technique is inconsistent with the use of magnetic resonance
imaging (MRI), so patients with a radio-frequency recharge-
able implanted device will be unable to have MRI diagnoses
of potentially serious conditions. Additionally, radio-
frequency induction often requires a patient to regularly set
aside time for the recharging process; this is often inconve-
nient and frequently causes non-compliance.

The implantable devices that require such power sources
are well known in the art; their power sources are often used
to provide power for sensing, control, tissue stimulation,
drug dispensing, external communication, and other neces-
sary functions. Some of the prior art improvements in such
power sources are discussed below by reference to several
United States patents; the entire disclosure of each of these
United States patents is hereby incorporated by reference
into this specification.

U.S. Pat. No. 6,108,579 illustrates some of the recently
developed technology relating to such power sources. This
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patent discloses a battery-monitoring apparatus and method
for programming of cardiac stimulating devices; the patent
specifically discusses methods for tracking power usage,
monitoring battery state, and displaying the estimated
remaining life of the battery power source.

By way of further illustration, U.S. Pat. No. 6,067,473
discloses an implantable medical device that uses audible
sound communication to provide warnings of low battery
life; among the warnings provided are voiced statements
warning of battery depletion.

U.S. Pat. No. 5,957,956 discloses an implantable cardio-
verter defibrillator (ICD) having a relatively small mass and
a minimal rate of power consumption. Similarly, U.S. Pat.
No. 5,827,326 discloses an implantable cardioverter
defibrillator having a smaller energy storage capacity.

U.S. Pat. No. 5,697,956 discloses an implantable stimu-
lation device having means for optimizing current drain.
Similarly, U.S. Pat. No. 5,522,856 discloses a pacemaker
with improved shelf storage capacity. Both of these patents
describe means for minimizing the power requirements of
battery power sources.

Recent emphasis on the availability of magnetic reso-
nance imaging (MRI) diagnoses for patients has also created
a focus on the inappropriateness of conducting such MRI
procedures on patients who have implantable devices, such
as cardiac pacemakers, installed. The electrical leads used in
such implantable devices to both sense heart function and
provide electrical pulses to stimulate the heart also act as
antennae in the intense magnetic and radio frequency (RF)
fields used in MRI procedures; the inductively coupled radio
frequency energy received by such “antennae” are often
sufficient to damage or destroy the pacemaker itself, and/or
to create unwanted pacing of the heart, and/or to ablate
blood vessels, and/or to scar sensitive heart tissue at the
electrode/heart interface. Death of the patient may result,
and has resulted, from one or more of these phenomena.

More recent developments in MRI technology have cre-
ated the opportunity for magnetic resonance angiography
(MRA), which is the use of MRI techniques that are focused
on cardiac structures and function. This direct use of MRI at
the heart often further exacerbates the existing difficulties in
using MRI on pacemaker patients.

One solution to these problems is the subject of U.S.
provisional patent application serial No. 60/269,817; the
entire disclosure of such patent application is hereby incor-
porated by reference into this specification. The approach
disclosed in this patent application is the use of fiber optics
in place of electrical leads for pacemakers and for other
implantable devices. The devices of this patent application
provide means for transmission via MRI-proof optical
fibers, and then re-conversion from optical to electrical
pulses at the heart. In order to serve the relatively higher
power demands of this optical solution to the MRI problem,
either battery size must be substantially increased, or pace-
maker installed life must be substantially shortened, or a
means for recharging the pacemaker power source must be
utilized.

By way of further illustration, U.S. Pat. No. 4,014,346
discloses a hermetically sealed cardiac pacer system and
recharging system therefore. The approach taken in this
patent is to use inductive coupling of external energy to
recharge an internal battery. This and other similar
approaches would help resolve the battery life issues dis-
cussed above, were it not for this critical issue of MRI
diagnoses; the very presence of an element that can accept
externally-provided radio frequency energy makes MRI
compatibility for this and similar devices impossible.
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Thus, there is a need to provide a power supply means for
periodic recharging of an implantable device that is not
susceptible to the deleterious effects of MRI and other forms
of electromagnetic interference. Further, there is a need to
provide this capability in a manner that does not detract from
the nominal performance of the implantable device and to do
so in a manner that is convenient for the patient.

It is an object of this invention to provide such an
improved power supply.

SUMMARY OF THE INVENTION

In accordance with this invention, there is provided a
biothermal power supply comprised of a thermoelectric
module for converting thermal energy to electrical energy;
with such a device, a temperature differential of only two
degrees Fahrenheit across the device produces a power
output of at least about 100 microwatts.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described by reference to the
specification and to the following drawings, in which like
numerals refer to like elements, and in which:

FIG. 1 is a schematic diagram of a preferred of one
preferred biothermal power system of this invention;

FIG. 2 is a polarity reversing device that may be used in
the power system of FIG. 1;

FIG. 3 is a diagrammatic representation of the efficacy of
the device of this invention at different ambient tempera-
tures;

FIG. 4 is a schematic of one preferred device of this
invention;

FIG. 5 is a schematic of a second preferred device of this
invention; and

FIG. 6 is a schematic of third preferred device of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

FIG. 1 is a block diagram of a preferred biothermal power
system 10. In the preferred embodiment depicted in FIG. 1,
device 10 works on the Seebeck effect.

The Seebeck effect is the development of a voltage due to
differences in temperature between two junctions of dissimi-
lar metals. Reference may be had, e.g., to U.S. Pat. No.
5,565,763 (thermoelectric method and apparatus), U.S. Pat.
No. 5,507,879 (sensor using thermoelectric materials), U.S.
Pat. No. 4,019,364 (method of testing welds by using the
Seebeck effect), U.S. Pat. No. 3,648,152 (Secbeck effect
compensation), U.S. Pat. No. 6,207,886 (Skutterudite ther-
moelectric material), U.S. Pat. Nos. 6,078,183, 5,952,837,
5,869,892, 5,784,401, 5,708,371, 5,491,452 (Peltier element
as series noise clamp), U.S. Pat. Nos. 5,446,437, 5,439,528
(laminated thermo element), U.S. Pat. Nos. 5,241,828,
5,073,758, 4,938,244, 4,505,427, 4,095,998 (thermoelectric
voltage generator), U.S. Pat. No. 4,026,726, and the like.
The entire disclosure of each of these United States patents
is hereby incorporated by reference into this specification.

Referring again to FIG. 1, thermoelectric module 12 is
connected to and provides electrical current to control circuit
14 by means of leads 16. Control circuit 14, in turn, is
operatively connected to a voltage regulator 18. The voltage
regulator 18 provides direct current to battery 20, which, in
turn, provides power to the implantable device 22. In the
preferred embodiment depicted in FIG. 1, implantable
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device 22 is capable of providing stimulation to an organ
(such as a human heart) 24 via leads 26. The leads 26 may
either be electrical leads, and/or optical leads.

The implantable device 22 also is capable of providing
material (such as, e.g., a therapeutic or stimulatory drug, or
a hormone) via conduit 28 to one or more sites in a living
organism (not shown). Thus, e.g., such conduit 28 may be
caused to deliver an irritant that will cause tissue within said
living organism to increase its local temperature.
Alternatively, or additionally, when a patient becomes aware
that the temperature differential used to power device 10 is
not sufficient, he can topically apply some of the irritant
material to some of his tissue.

Power monitor 30 is operatively connected to battery 20
and, by means of one or more suitable sensors, detects the
power level of such battery 20. The power monitor 30 is also
operatively connected to the implantable device 22. In one
preferred embodiment, the implantable device 22 is capable
of providing a warning to either the patient and/or his
physician whenever the power being furnished to such
device is inadequate. By way of illustration, one may use the
warning system depicted in U.S. Pat. No. 6,067,473 that
uses audible sound communication to provide warnings of
low battery life; the entire disclosure of such United States
patent is hereby incorporated by reference into this specifi-
cation. Alternatively, or additionally, one may use the
battery-monitoring device of U.S. Pat. No. 6,108,579, which
provides a display of the remaining life of the battery; the
entire disclosure of this United States patent is hereby
incorporated by reference into this specification.

The battery 20 preferably is a rechargeable battery.
Alternatively, or additionally, other electrical storage
devices also may be used.

Thus, e.g., one may use a capacitive storage device
constructed of carbon or other nanomaterials.

Referring again to FIG. 1, and in the preferred embodi-
ment depicted therein, it will be seen that electrical leads 16
first communicate with polarity reverser 40 prior to the time
they are connected with the control circuit 14. As will be
apparent, if the temperature (Tc) on surface 42 of thermo-
electric module 12 is higher than the temperature (Th) on
surface 44 of the thermoelectric module 12, then the polarity
of the electric current produced in such a situation will be the
reverse of the situation than when the temperature Tc is
lower than temperature Th. Absent a polarity reversal
device, electrical current will not effectively flow into the
control circuit under all conditions of temperature.

The polarity reversal device 40 may be any of the means
for reversing polarity known to those skilled in the art.
Reference may be had, e.g., to U.S. Pat. Nos. 6,232,907,
3,821,621, 4,422,146, 3,623,817, and the like. The entire
disclosure of each of these United States patents is hereby
incorporated by reference into this specification.

FIG. 2 is a schematic diagram of one preferred polarity
reversal device 50 that may be used. Referring to FIG. 2,
when lead 52 is negative, electrons flow to point 54, and then
through diode 56, and then through line 58. When, however,
the polarity is reversed due to a change in the temperatures
of surfaces 42 and 44 (see FIG. 1), electrons will flow
through line 60, through to point 62, through diode 64, and
then through line 58. Thus, regardless of whether Tc is
higher or lower than Th, the temperature difference between
them will cause power generation. This feature is especially
advantageous when the ambient conditions are fluctuating
and/or when the body temperature near the device 10 is
especially low or high.
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FIG. 3 is graph of the multiple situations that may occur
as Tc and Th vary. Referring to FIG. 3, and in zone 70, the
body temperature 72 is substantially higher than the skin
surface temperature 74. Because of this positive temperature
differential, and referring to FIG. 2, electrons will flow
through line 52, to point 54, through diode 56, and then
through line 58. Furthermore, inasmuch as the temperature
differential in zone 70 is generally greater than 2 degrees
Celsius, a plentiful supply of electrical energy will be
produced and supplied to the control circuit 14 (see FIG. 1).

By comparison, and referring again to FIG. 3, in zone 76
the skin surface temperature 74 is substantially higher than
the body temperature 72. Because of this negative tempera-
ture differential, electrons will flow through line 60, to point
62, through diode 64, and then to line 58 (sec FIG. 2). Again,
because the temperature differential in this zone is generally
greater than 2 degree Celsius, a generous supply of electrons
will flow to control circuit 14.

In intermediate zones 78 and 80, however, the tempera-
ture differential may only be 1 degree Celsius. However, this
one-degree positive or negative temperature differential still
is sufficient to provide adequate electron flow to control
circuit 14.

However, in zone 82, the temperature differential between
the surfaces 44 and 42 of module 12 often are less than 1
degree Celsius. In this zone, the current flow is often
inadequate to power the implantable device 22. In this case,
battery 20 will, over sufficient time, tend to discharge.

In zones 70, 76, 78, and 80, the device 10 will continually
charge battery 20 through means of, e.g., voltage regulator
18; and the amount of electrical charge imparted to battery
20 will exceed the drain on such battery caused by implanted
device 22.

However, in zone 82, the amount of electrical charge
imparted to battery 20 will be less than the drain on such
battery caused by the needs of implanted device 22. If such
a situation persists for a long period of time, the battery 20
will become discharged and have to be replaced with a new
battery.

In order to avoid the need to frequently subject a patient
to surgery, the device 10 of this invention substantially
extends battery life. One means of so doing is to provide a
warning to the patient whenever the zone 82 conditions
occur for a sustained period of time.

Referring again to FIG. 1, a temperature sensor 41 senses
the temperature outside the living organism, preferably at or
through the surface of the organism’s skin. This information
is conveyed, via lines 43, to power monitor 30.

A second temperature sensor, sensor 45, senses the tem-
perature of the living organism and provides such
information, via lines 47, to the power monitor 30. Thus, at
all times, the power monitor can determine the difference
between the temperature on surfaces 42 and 44, the direction
of such temperature difference, and the amount of time such
temperature difference has existed.

Power monitor 30 preferably is comprised of means for
measuring the rate of current flow into battery 20. In the
preferred embodiment depicted in FIG. 1, this information is
provided to power monitor 30 by voltage regulator 18.
Furthermore, because the power monitor 30 is connected to
the battery 20, it also is continually aware of the charge
status of the battery 20.

Armed with this information, and preferably using an
algorithm that may be periodically modified as necessary
upon command from implantable device 22, the power
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monitor can cause the implantable device 22 to emit a
warning signal. Implantable devices capable of emitting
warning signals have been described elsewhere in this
specification.

When such a warning signal has been produced by the
implantable devise, the patient then has the opportunity to
increase the temperature differential between surfaces 44
and 46. He may so do by either putting on more clothing,
taking off some clothing, and/or moving to a warmer or
cooler environment.

Referring again to FIG. 1, and in the preferred embodi-
ment depicted therein, it is preferred that thermoelectric
module 12 define®. . . a hot side and a cold side, said module
comprising: A) a plurality of P-type thermoelectric
elements, B) a plurality of N-type thermoelectric elements,
said P-type elements and said N-type elements being
arranged in an array and insulated from each other with self
adhering polyimide film, C) a plurality of contacts on said
cold side and said hot side connecting said elements in an
electric circuit.” This particular module is described and
claimed in U.S. Pat. No. 6,207,887, the entire disclosure of
this United States patent is hereby incorporated by reference
into this specification.

One may use thermoelectric modules, similar to those
disclosed in U.S. Pat. No. 6,207,887, but which use different
separator elements between the P-type and the N-type
elements. Thus, e.g., one may utilize epoxy-impregnated
paper isolators; see, e¢.g., U.S. Pat. Nos. 3,780,425 and
3,781,176, the entire disclosures of each of which is hereby
incorporated by reference into this specification.

In one embodiment, a sufficient number of such P-type
and N-type elements of such U.S. Pat. No. 6,207,887 are
utilized to provide a device 10 that, with a temperature
differential between Th and Tc of only 2 degree Celsius, will
produce at least 50 microwatts of electrical power at a
voltage of from about 0.3 to about 0.5 volts d.c. In another
embodiment, the device produces at least 100 microwatts of
power at such voltage of from 0.3 to about 0.5 volts when
presented with a temperature differential of 1 degree Celsius.

In one embodiment, illustrated in FIG. 1, the thermoelec-
tric module 12, will have a substantially square shape, a
length of from about 1.3 to about 1.7 inches, and a thickness
of from about 0.2 to about 0.3 inches.

Referring again to FIG. 1, and in the preferred embodi-
ment depicted therein, it will be seen that thermoelectric
module 12 is preferably comprised of a multiplicity of
n-doped/p-doped thermocouple pairs (34/36) preferably
electrically arranged in series and sandwiched between
ceramic plates 38 and 40.

FIG. 4 is a schematic representation of the device 10 from
which some unnecessary detail has been omitted for the sake
of simplicity of representation. In the preferred embodiment
depicted therein, the device 10 utilizes the thermoelectric
module 12 described in FIG. 1, generating electrical power
from the temperature gradient between the body centerline
90 and the surface of the skin 92 via the Seebeck Effect. In
most cases the body core temperature is higher that the skin
surface temperature, but even in cases where this relation-
ship is temporarily reversed, control circuit 14 (see FIG. 1)
will reverse polarity of its voltage regulator so that battery
charging will continue.

Referring again to FIG. 4, implant device 10 comprises a
primary case 94 that houses the primary device 11. In the
embodiment depicted, primary device 11 is comprised of a
controller circuit 14 (not shown, by see FIG. 1), a voltage
regulator 18 (not shown, but see FIG. 1), a power monitor









