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ABSTRACT

A thermal powered medical device generates power from a
temperature differential between a living body and a differ-
ential temperature source. The power is supplied to power
one or more electrical components of the medical device.
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THERMAL POWERED MEDICAL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Ser. No.
61/565,322, titled THERMAL POWERED MEDICAL
DEVICE, filed on Nov. 30, 2011, which is hereby incorpo-
rated by reference in its entirety.

BACKGROUND

[0002] Devices that require electric power are commonly
powered by a power cord connected to a wall receptacle or
by a battery power supply. Power cords are often undesirable
because they reduce the portability of such devices. Battery
power supplies permit devices to be portable, but still
require at least occasional replacement or recharging of the
batteries. When recharging, the devices are often connected
to a wall receptacle or placed into a power cradle, which is
itself connected to a wall receptacle. Accordingly, even
when a battery power supply is used, connection to a wall
receptacle or other external power source is often still
required in order to charge the batteries. Devices that do not
require charging or connection to an external power source
are desired.

SUMMARY

[0003] In general terms, this disclosure is directed to a
thermal powered medical device. In one possible configu-
ration and by non-limiting example, the medical device is
powered by heat from the body of a living creature.

[0004] One aspect is a device comprising: a thermoelectric
device having a first portion and a second portion and
operable to generate a low-voltage output from a tempera-
ture differential; a heat source interface device thermally
coupled to the first portion of the thermoelectric device and
configured to be placed in contact with a portion of a living
body having a first temperature; a differential temperature
source thermally coupled to the second portion of the
thermoelectric device and configured to have a second
temperature different than the first temperature, wherein the
temperature differential is the difference between the first
and second temperatures; and a boost circuit electrically
coupled to the thermoelectric device and the electrical
component, wherein the boost circuit is configured to boost
the low-voltage output to a higher-voltage output to power
an electrical component.

[0005] Another aspect is a method of powering an elec-
trical component, the method comprising: receiving heat
from a portion of a living body with a heat source interface
device, the portion of the living body having a first tem-
perature, wherein the heat generates a temperature differen-
tial between the heat source interface device and a differ-
ential temperature source having a second temperature;
generating a low-voltage output with a thermoelectric device
from the temperature differential between the first tempera-
ture and the second temperature, the thermoelectric device
coupled to the heat source interface device and the differ-
ential temperature source; and boosting the low-voltage
output to a higher voltage output with a boost circuit
electrically coupled to the thermoelectric device; and pow-
ering an electrical component with the higher voltage out-
put.
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[0006] A further aspect is a handheld medical device,
comprising: an instrument including at least one electrical
component; and a power handle comprising: a mechanical
interface configured to selectively connect the power handle
to the instrument; an electrical interface configured to elec-
trically connect the power handle to the electrical compo-
nent when the power handle is connected to the instrument;
a solid metallic inner core having an outer surface, the inner
core encompassing at least a majority of the volume of the
power handle; a plurality of thermocouples having a first
portion thermally connected to the outer surface of the inner
core; at least one thermally conductive layer connected to a
second portion of the thermocouples, opposite the inner
core, wherein the thermally conductive layer forms at least
part of an exterior of the power handle; and a boost circuit
electrically coupled to the thermocouples and to the electri-
cal interface, wherein the boost circuit is configured to
receive electrical energy generated by the thermocouples
and to boost a voltage of the electrical energy to power the
at least one electrical component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 illustrates an example thermal powered
device in the form of a handheld medical device.

[0008] FIG. 2 is a schematic block diagram illustrating an
example of thermoelectric circuitry.

[0009] FIG. 3 is a schematic cross-sectional view of an
example power handle of a handheld medical device.

[0010] FIG. 4 is a schematic block diagram of an example
boost circuit.
[0011] FIG. Sillustrates another example thermal powered

device in the form of a patient-wearable medical device.
[0012] FIG. 6 is a schematic cross-sectional view of an
example of thermoelectric circuitry.

DETAILED DESCRIPTION

[0013] Various embodiments will be described in detail
with reference to the drawings, wherein like reference
numerals represent like parts and assemblies throughout the
several views. Reference to various embodiments does not
limit the scope of the claims attached hereto. Additionally,
any examples set forth in this specification are not intended
to be limiting and merely set forth some of the many
possible embodiments for the appended claims.

[0014] FIG. 1 is a schematic perspective view of an
example thermal powered device, and more specifically an
example of a handheld medical device 100. In this example,
the handheld medical device 100 includes an instrument 102
and a power handle 104. The handheld medical device 100
is configured to be held in a hand 90.

[0015] An example of instrument 102 is an otoscope,
which includes an adjustable optics assembly 110, an adjust-
ment control 112, and an electrical component, such as a
light source 114. An otoscope can be used by a healthcare
provider during a patient encounter to view inside a patient’s
ear canal. To do so, the healthcare provider inserts the end
of the otoscope into the ear canal, where it is illuminated by
the light source 114. The healthcare provider then looks
through the optics assembly 110 and adjusts the focus, if
necessary, using the adjustment control 112. As discussed
below, the light source 114 is powered by a thermoelectric
generator in the power handle 104. Power is transferred
through conductors within the instrument 102.
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[0016] A wide variety of instruments 102 can be used in
other embodiments. In some embodiments, the instrument
102 is a medical examination instrument, such as an oto-
scope. an ophthalmoscope, a thermometer, a sphygmoma-
nometer, a skin surface microscope, a unidirectional
occluder, an examination light, an electronic stethoscope, a
tympanometric instrument, an audiometer, or a variety of
other medical examination instruments. Another example of
an instrument 102 is a heart monitor (such as an electrocar-
diogram (EKG) instrument. In other embodiments, the
instrument 102 is a therapeutic device, such as a surgical
instrument, a drug delivery or measurement instrument, or
other therapeutic devices. Although exemplary embodi-
ments are described as handheld medical devices, other
embodiments are possible, such as non-handheld devices, or
non-medical devices.

[0017] The power handle 104 forms a handle for the
medical device 100, and is sized to be held in the hand 90
of the healthcare provider. In this example, the power handle
104 includes a housing 120 and thermoelectric circuitry 122
within the housing 120. The thermoelectric circuitry 122
includes, for example, a thermoelectric generator 124. In
some embodiments, the thermoelectric circuitry 122 forms
part of the housing 120.

[0018] The housing 120 is, in some embodiments, sized
and configured to be held by a hand 90 of a healthcare
provider. The housing 120 is typically formed of materials
such as metal or plastic, and forms a protective enclosure for
at least some of the thermoelectric circuitry 122 contained
within the housing 120. In some embodiments, portions of
the thermoelectric circuitry 122 are exposed outside of the
housing 120, as discussed herein.

[0019] In some embodiments, the housing 120 has a
cross-sectional dimension DI sized to fit within a hand 90 of
a healthcare provider. In one example, the dimension DI is
in a range from about 0.5 inches to about 4 inches. In another
example, the dimension Dl is in a range from about 0.5
inches to about 0.2 inches. In yet another example, the
dimension DI is about one inch. In some embodiments, at
least a portion of the housing 120 has a cylindrical shape, in
which case the dimension D 1 is the diameter of the housing
120.

[0020] In some embodiments, the housing 120 of the
power handle 104 is sealed. A sealed housing 120 reduces
the chance of water or other liquid or particle intrusion into
the interior of housing 120. A sealed housing 120 is also
easier to clean and sanitize.

[0021] In some embodiments, the thermoelectric circuitry
122 acts as a power source for the instrument 102. The
thermoelectric circuitry 122 includes, for example, a ther-
moelectric generator 124.

[0022] The thermoelectric generator 124 generates elec-
trical energy from a temperature differential. For example,
when the handheld medical device 100 is grasped in a hand
90 of an operator, heat from the hand 90 is used to generate
the electrical energy. Examples of the thermoelectric cir-
cuitry and the thermoelectric generator 124 are illustrated
and described in more detail herein.

[0023] In some embodiments the instrument 102 is con-
nected to the power handle 104 at an interface 140. The
interface 140 typically includes a mechanical interface, such
as mating screw threads, or a snap together connection, and
also an electrical interface to transfer power from the power
handle 104 into the instrument 102. In some embodiments
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the instrument 102 can be disconnected from the power
handle 104 at the interface 140. The interface 140 can be
used in a variety of different types of instruments, to permit
a single configuration of power handle 104 to be used with
multiple different types of instruments. In other possible
embodiments, however, instrument 102 is a single unit that
includes the components of the power handle 104 within the
housing 120 of instrument 102, rather than within a separate
power handle.

[0024] The hand 90 is one example of a portion of a living
body that can be used as a heat source to generate a
temperature differential. In some embodiments, the hand 90
is a portion of a human. Other embodiments utilize other
parts of a human as a heat source, such as a head, a neck, an
arm, a wrist, a hand, a shoulder, an underarm, a back, a
stomach, a hip, a leg, a foot. Yet other embodiments utilize
apart of another living creature. For example, some embodi-
ments utilize a part of a mammal or a bird. In some
embodiments the creature is warm-blooded. In some
embodiments, the living creature has a relatively higher
blood temperature, and maintains thermal homeostasis pri-
marily through internal metabolic processes.

[0025] FIG. 2 is a schematic block diagram illustrating an
example of thermoelectric circuitry 122. In this example, the
thermoelectric circuitry 122 includes a thermoelectric gen-
erator 124 and boost circuit 158.

[0026] The thermoelectric generator 124 operates to gen-
erate electrical energy from a temperature differential. The
electrical energy is then boosted by boost circuit 158.
[0027] In this example, the thermoelectric generator 124
includes the heat source interface 152, the differential tem-
perature source 154, and the thermoelectric device 156.
[0028] The heat source interface 152 receives heat from a
heat source. The heat source is typically an external heat
source, such as a portion of a living body, having a first
temperature (e.g., 90 degrees F.). In this example, the portion
of the living body is the hand 90 (shown in FIG. 1). The heat
source interface 152 is configured to collect heat from the
hand 90, so that upon engagement of the hand 90 with the
heat source interface 152, the heat source interface 152 is
quickly warmed by the hand 90 to approximately the first
temperature.

[0029] In order to be quickly warmed, the heat source
interface 152 is typically formed of a thermally conductive
material having a relatively low mass. An example of a
thermally conductive material is a metal. Some embodi-
ments utilize one or more thin layers of metal. Other
embodiments utilize other metals, such as copper, gold, or
steel, or alloys of these or other metals. A mass of the heat
source interface 152 is preferably much less than a mass of
the differential temperature source 154, and also preferably
much less than a mass of the hand 90, or other heat source.
[0030] The differential temperature source 154 is coupled
to the thermoelectric device 156 to generate a temperature
differential with the heat source interface 152, when the heat
source interface 152 is engaged with the hand 90, or other
heat source. Accordingly, the differential temperature source
154 preferably has a different temperature than the hand 90
during use.

[0031] In some embodiments, the differential temperature
source 154 is a metallic core having a relatively large mass.
In some embodiments, the metallic core encompasses at
least a majority of the volume of the power handle 104.
When exposed to the ambient atmosphere over time, the
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metallic core will acquire a temperature approximately equal
to the temperature of the ambient atmosphere. When the
ambient atmosphere is at a second temperature, the metallic
core will acquire a temperature approximately equal to the
second temperature. (For example, if the ambient atmo-
sphere is room temperature, the second temperature may be
about 70 degrees F.)

[0032] When the heat source interface 152 is engaged by
the hand 90, heat begins to be transferred from the heat
source interface 152 to the differential temperature source
154. The greater the mass of the differential temperature
source 154, the longer it will take for the temperature of the
differential temperature source 154 and the heat source
interface 152 to become approximately the same. Accord-
ingly, the greater the mass of the differential temperature
source 154, the longer the thermoelectric generator 124 will
continue to generate electrical energy.

[0033] On the other hand, a differential temperature source
154 having a large mass results in a heavier handheld
medical device 100. Accordingly, the mass should be
selected to be large enough to generate electrical energy for
a suitable period of time, without being so large as to make
the handheld medical device 100 difficult to handle and use.
In one example, the metallic core differential temperature
source 154 has a mass in a range from about 0.05 kg to about
0.5 kg.

[0034] An example of a handheld medical device 100
including a metallic core differential temperature source 154
is illustrated in more detail with reference to FIG. 3.
[0035] In another embodiment, the differential tempera-
ture source 154 is a device that interfaces with another heat
source. For example, in some embodiments the differential
temperature source 154 is a heat sink that interfaces with the
ambient atmosphere, or other gas. In another example
embodiment, the differential temperature source 154 is a
heat sink that interfaces with a liquid, such as water. In
another example embodiment, the differential temperature
source 154 is a device configured to be coupled to another
object.

[0036] An example of a medical device 100 having a heat
sink differential temperature source 154 is illustrated and
described in more detail with reference to FIG. 5.

[0037] Typically the differential temperature source 154
has a second temperature that is less than the first tempera-
ture of the hand 90 (or other heat source). In another
embodiment, however, the differential temperature source
154 has a second temperature that is greater than the first
temperature. So long as the temperatures are sufficiently
different, the thermoelectric generator 124 is operable to
generate the electrical energy.

[0038] The thermoelectric device 156 generates electrical
energy from the temperature differential between the heat
source interface 152 and the differential temperature source
154. The thermoelectric device 156 is typically coupled to
the heat source interface 152 at a first side, and to the
differential temperature source 154 at the other side, oppo-
site the first side.

[0039] An example of a thermoelectric device 156 is a
thermocouple. A thermocouple typically includes two con-
ductors formed of dissimilar metals. In some embodiments,
the conductors are metal alloys. One example is a Type J
thermocouple, formed of iron and constantan (a copper-
nickel alloy, such as having about 55% copper and 45%
nickel). Another example is a Type K thermocouple, formed
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of chromel (a nickel chromium alloy, such as having about
95% nickel and about 10 percent chromium) and alumel (an
alloy having about 95% nickel, 2% manganese, 2% alumi-
num, and 1% silicon). Some embodiments include a com-
bination of multiple types of thermocouples, such as a
combination of Type J and Type K thermocouples). When
opposing ends of the conductors are connected to the heat
source interface 152 and the differential temperature source
154, a temperature differential is formed across the conduc-
tors. The thermocouple then generates a voltage propor-
tional to the temperature difference. Some thermocouples
are formed of semiconductors, such as n-type and p-type
semiconductor materials.

[0040] Although the electrical energy generated by a
single thermocouple may be small, the thermoelectric device
156 can include a plurality of thermocouples to multiply the
electrical energy generated. For example, if a single ther-
mocouple generates an output of 1 millivolt for a given
temperature differential, one hundred thermocouples can be
arranged in series to generate 100 millivolts, and two or
three hundred thermocouples can arranged to generate 200
or 300 millivolts.

[0041] In some embodiments, the thermoelectric device
156 includes one or more thermopiles. A thermopile is, for
example, an electronic device that is composed of multiple
thermocouples.

[0042] In some embodiments, the thermoelectric device
156 includes one or more peltier coolers, such as the model
number 9501/031/030 B peltier cooler available from Fer-
rotec (USA) Corporation of Santa Clara, Calif. A peltier
cooler is an example of a thermopile. In this example, the
peltier cooler is a 31-couple, 3-amp module. The ‘B’ code
indicates that this thermoelectric cooler features a lapped
type, plain ceramic surface. In some embodiments, the
peltier cooler has a length and a width in the range from
about 10 mm to about 20 mm, and in some embodiments
about 15 mm; and a height in a range from about 1 to about
10 mm, and in some embodiments about 3 mm.

[0043] Additionally, some embodiments of the peltier
cooler include a high reliability, lead-free, 200 degree Cel-
sius maximum process temperature, with a 3-amp maximum
current. Some embodiments are in the shape of a single-
stage module. Other embodiments utilize peltier coolers
with other characteristics, features, or configurations.

[0044] The output of the thermoelectric generator 124 is
provided by electrical conductors to the boost circuit 158
through the electrical coupling between the thermoelectric
device 156 and the boost circuit 158.

[0045] The output of the boost circuit 158 is provided to
the load by electrical conductors, such as the electrical
conductors 166, shown in FIG. 3. A wide variety of loads can
be powered by the output, such as the instrument 102
(shown in FIG. 1) or the electrical component 192 (shown
mn FIG. 5).

[0046] FIG. 3 is a schematic cross-sectional view of an
example power handle 104 of the handheld medical device
100, shown in FIG. 1. In this example, the power handle 104
includes a housing 120, interface 140, and thermoelectric
circuitry 122. The thermoelectric circuitry 122 includes
thermoelectric generator 124 and boost circuit 158. The
thermoelectric generator 124 includes heat source interface
152, differential temperature source 154, and thermoelectric
device 156.
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[0047] In this example, the differential temperature source
154 is a metallic core. An example of a metallic cote is a
solid piece of aluminum. Other metals are used in other
embodiments. In one example, the metallic core has roughly
a rectangular longitudinal cross section and roughly a square
transverse cross section. This shape interfaces well with
square-shaped thermopiles with flat opposing surfaces. In
another possible embodiment, the metallic core is cylindri-
cal. In this embodiment, curved thermopiles are used, or
alternatively, thermocouples can be arranged in a radial
configuration around the cylindrical core. Other configura-
tions can also be used in other embodiments.

[0048] The thermoelectric device 156 is positioned adja-
cent to the differential temperature source 154, such that one
side of the thermoelectric device 156 is thermally coupled to
the differential temperature source 154. In some embodi-
ments the thermoelectric device 156 is in direct contact with
an exterior surface of the differential temperature source
154. A fastener is used in some embodiments to connect the
thermoelectric device 156 to the differential temperature
source 154, such as a thermally conductive adhesive, weld
joints, screws, tape, etc.

[0049] As discussed herein, the thermoelectric device 156
typically includes multiple or many thermocouples 162. In
some embodiments, the thermoelectric device 156 includes
a plurality of thermopiles 164, each including multiple
thermocouples 162. A thermopile 164 is sometimes referred
to as a thermoelectric cooler, or a Peltier device. An example
of a thermopile 164 is the model number 9501/031/030 B
peltier cooler, described herein.

[0050] As illustrated in FIG. 3, multiple thermopiles 164
can be arranged about the periphery of differential tempera-
ture source 154. The multiple thermopiles 164 can include
multiple thermocouples 162 arranged in series, and the
multiple thermopiles 164 are also arranged in series. In this
way, the voltage generated by the thermocouples is added
together to generate a much larger voltage than can be
generated by the individual thermocouples.

[0051] In some embodiments, the thermopiles 164 have
widths and lengths of approximately 0.5 inches to about 2
inches, and preferably about one inch. In some embodi-
ments, the thermopiles 164 have a height (H) in a range from
about 0.05 inches to about 0.3 inches, and preferably about
0.15 inches. Other embodiments include thermopiles having
other shapes and dimensions.

[0052] In the illustrated example, the differential tempera-
ture source 154 is a solid metallic core having a square
cross-sectional shape, with four sides. Thermopiles 164 are
positioned on each side in vertical rows. In some embodi-
ments, each row includes a quantity of thermopiles 164 from
1 to 20, and preferably about 4 to 8. Some embodiments
include about 6 thermopiles 164 in each row. In this
example, the thermoelectric device 156 includes a total
quantity of thermopiles 164 (on all four sides) in a range
from 4 to 80, and preferably from about 16 to 32. Some
embodiments include about 24 thermopiles 164. More or
fewer thermopiles 164 are used in other embodiments. For
example, some embodiments include one or more thermo-
piles.

[0053] Because each thermopile includes multiple ther-
mocouples, the thermoelectric device 156 includes many
thermocouples. In some embodiments, the thermoelectric
device 156 includes a plurality of thermocouples, such as at
least 50, 100, 200, 500, or 1000 thermocouples.
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[0054] The heat source interface 152 is also arranged so
that it is in thermal communication with the thermoelectric
device 156, opposite the differential temperature source 154.
In this example, the heat source interface 152 is one or more
thin layers of a thermally conductive material. As one
example, the heat source interface 152 is aluminum tape that
is wrapped around the thermopiles 164, having at least one
metallic layer and a thin adhesive coating. The aluminum
tape provides a thin thermally conductive exterior surface.
The aluminum tape also acts as the fastener to connect the
heat source interface 152 to the thermoelectric device 156,
and also as the fastener to connect the thermoelectric device
156 to the differential temperature source 154. In an example
embodiment, the heat source interface 152 has a thickness in
a range from about 0.01 inches to about 0.2 inches. In some
embodiments, a mass of the heat source interface 152 is at
least 10 times less than a mass of the differential temperature
source 154. In other possible embodiments, the mass is at
least 50 times, 100 times, 200 times, 300 times, or 1000
times less. Other embodiments have other thicknesses or
configurations.

[0055] In another embodiment, the heat source interface
152 is a thin layer of thermally conductive material, such as
a metallic material. In some embodiments, the heat source
interface 152 is connected to the thermoelectric device 156
by a fastener, such as those disclosed herein.

[0056] The heat source interface 152 typically has a mass
that is much less than a mass of the metallic core differential
temperature source 154. This permits the heat source inter-
face 152 to warm rapidly when the heat source (such as hand
90, shown in FIG. 1) is placed in contact with it, to provide
a temperature differential across the thermoelectric device
156.

[0057] Prior to operation, the handheld medical device
100 1s typically exposed to the ambient atmosphere. In an
interior space, such as a hospital or clinic examination room,
the interior space has a room temperature commonly around
70 degrees F. If the handheld medical device 100 is not
exposed to other heat sources for a period of time, the
differential temperature source 154 will obtain a temperature
of approximately room temperature. However, rooms may
have significantly different temperatures. In addition, the
handheld medical device 100 could also be used outdoors,
where temperatures could vary significantly.

[0058] When an operator desires to use the handheld
medical device 100, the operator grasps the handheld medi-
cal device 100 with a hand 90. A human body maintains a
relatively consistent internal temperature of about 97 to 99
degrees. Temperatures of limbs of the body can be some-
what less than the internal temperature. For example, the
temperature of hand 90 may be about 10 degrees cooler than
the internal temperature, or approximately 85 to 90 degrees.
Contact between the hand 90 and the heat source interface
152 causes heat to be transferred to the heat source interface.
The relatively low mass of the heat source interface 152
permits the heat source interface 152 to heat up rapidly, so
that the temperature of the heat source interface 152 is
approximately the same as the temperature of hand 90, or
about 85-90 degrees.

[0059] A temperature differential is formed between the
heat source interface 152 (e.g., 90 degrees) and the differ-
ential temperature source 154 (e.g., 70 degrees). The ther-
moelectric device 156 operates to generate electrical energy
from the temperature differential. The amount of electrical
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energy generated by the thermoelectric device 156 is a
function of the temperature difference, and also a function of
the number and qualities of the thermocouples 162 (FIG. 3).
In some embodiments, the thermoelectric device 156 gen-
erates electrical energy having an electric potential of
greater than 20 mV. In some embodiments, the output is in
a range from about 20 mV to about 200 mV.

[0060] The thermoelectric device 156 continues to gener-
ate electrical energy so long as a suitable temperature
differential exists between the heat source interface 152 and
the differential temperature source 154. In some embodi-
ments, the suitable temperature differential is at least 5
degrees. Other embodiments can continue to operate with
lower temperature differentials.

[0061] In addition, because the output of the thermoelec-
tric generator 124 varies with the magnitude of the tempera-
ture difference between the differential temperature source
154 and the heat source interface 152, the power handle 104
can be designed to provide a variable output based on grip
strength or magnitude of surface area contact. For example,
if the heat source interface 152 is gripped very lightly by
hand 90, the temperature of the heat source interface will be
lower than if it is gripped tightly. As a result, the output can
be adjusted by gripping the heat source interface more
tightly or more loosely.

[0062] Similarly, by adjusting the magnitude of surface
area contact, the output can be adjusted. For the greatest
output, the heat source interface 152 can be gripped with the
entire palm and fingers of one hand 90, or even with two
hands. The output can be reduced by providing a smaller
surface area, such as by removing several fingers, or by
gripping the heat source interface 152 with only the finger
tips.

[0063] If the difference in temperatures between the heat
source interface 152 and the differential temperature source
154 becomes less than the suitable temperature differential,
the temperature of the differential temperature source 154
can be adjusted. For example, the power handle 104 can be
set down to allow the differential temperature source 154 to
return to room temperature. Alternatively, the temperature
can be adjusted by cooling the power handle 104, such as by
placing the power handle 104 in cooler water, in a refrig-
erator or other cool location, etc. The temperature could also
be elevated by heating the power handle 104, such as by
placing the power handle 104 over or near a fire, in warmer
water, in an oven or other warm or hot location, etc. Once
the differential temperature source 154 has been warmed or
cooled to a suitable temperature, the power handle 104 can
be returned to operation.

[0064] In some embodiments, the thermoelectric genera-
tor 124 can continue to generate electricity for a period of
time. In some embodiments, the period of time is greater
than 10 seconds, 30 seconds, 1 minute, 10 minutes, or 30
minutes.

[0065] In addition, some embodiments include a power
switch. When the power switch is off, the one or more
electronic components in the instrument 102 are not pow-
ered, but energy generated by the thermoelectric generator
124 can continue to be collected. For example, a capacitor
can be used to store the electrical energy. In some embodi-
ments, the electrical energy is stored in a high capacity
capacitor, such as a super capacitor or an ultra capacitor. The
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electrical energy can then be supplied to the electronic
component from the capacitor once the power switch is
turned on.

[0066] The boost circuit 158 is electrically coupled to the
thermoelectric device 156 to receive the electrical energy
generated by the thermocouples 162. Electrical conductors
(not shown) are typically used to conduct the electrical
energy between the thermoelectric device 156 and the boost
circuit 158. In this example, the boost circuit 158 is posi-
tioned toward the upper end of the power handle 104, near
the instrument interface 140. An example of a boost circuit
158 is illustrated and described in more detail with reference
to FIG. 4. The output of the boost circuit 158 is provided to
the interface 140 with electrical conductors 166. In some
embodiments, the boost circuit 158 provides an output
having an electrical potential that is more than 10 times, 50
times, 100 times, or 200 times the electrical potential from
the thermoelectric device 156. For example, in some
embodiments the output voltage is in a range from 2 volts to
5 volts.

[0067] In some embodiments, the thermoelectric circuitry
122 powers one or more electronic components of the
handheld medical device 100. An example of an electronic
component is a bulb 114. Some bulbs require a certain
voltage in order to operate. For example, a 3.5V bulb may
require an electric potential of at least 3.5V in order to
operate. In some embodiments, the thermoelectric circuit
generates at least 3.5V. Other embodiments provide other
electric potentials in order to power other electronic com-
ponents.

[0068] FIG. 4 is a schematic block diagram of an example
boost circuit 158. In this example, the boost circuit 158
includes a step-up transformer 172, step-up converter 174,
and supporting electronic circuitry 176.

[0069] The step-up transformer 172 receives electrical
energy from the thermoelectric device 156 and boosts the
voltage. For example, a 1:100 ratio step-up transformer 172
is used in some embodiments to increase the voltage from
the primary winding by a factor of 100 at the secondary
winding, Other ratios can be used in other embodiments,
such as ratios in a range from about 1:10 to about 1:1000.
The boosted voltage is supplied to the step-up converter
through blocking capacitors at pins C1 and C2. The SW pin
is connected to the primary winding, to control current flow
through the primary winding.

[0070] The step-up converter 174 operates to increase the
voltage of the electrical energy from the transformer 172
(which received its energy from the thermoelectric device
156) to a higher voltage (V). An example of the step-up
converter 174 is an ultralow voltage step-up converter and
power manager chip, part number LTC3108, available from
Linear Technology Corporation of Milpitas, Calif.

[0071] The thermoelectric device 156, which may be one
or more thermopiles 164 (multiple thermopiles can be
arranged in parallel or in series, as appropriate), generates
electrical energy that is supplied to the step-up converter
174. However, depending on the particular number and
arrangement of thermopiles 164, suitable voltage levels are
obtained without the step-up transformer. The step-up con-
verter 174 boosts the electrical potential to a suitable level,
and provides the output as V 5., In some embodiments, the
output has an electric potential of 1.8V, 2.35V, 3.3V, 4.1V, or
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5V. Some embodiments supply an electric potential of
greater than 2V. Other embodiments supply other electric
potentials at V .

[0072] FIG. 5 illustrates another example of thermal pow-
ered device. More specifically, FIG. 5 is a schematic per-
spective view of a medical device 190 connected to a living
creature. The medical device 190 includes thermoelectric
circuitry 122 and an electrical component 192. The thermo-
electric circuitry 122 includes a thermoelectric generator
124.

[0073] In this example, the medical device 190 is a
patient-wearable device, such as a heart monitor where the
electrical component 192 includes at least one sensor and a
data storage device.

[0074] In this example, the thermoelectric generator 124
generates power from a temperature difference between the
body 92 of the person and the ambient atmosphere. Even
when the patient is in a relatively small room, the patient’s
body will typically not generate so much heat that the entire
room will be warmed to the patient’s temperature. As a
result, the temperature differential between the ambient
atmosphere and the patient’s body 92 is sufficient to permit
the thermoelectric generator 124 to operate substantially
continuously and substantially indefinitely. Accordingly, the
medical device 190 is an example of a continuously oper-
ating medical device.

[0075] FIG. 6 is a schematic cross-sectional view of an
example of the thermoelectric circuitry 122 of the example
medical device 190, shown in FIG. 5. In this example, the
thermoelectric circuitry 122 includes a thermoelectric gen-
erator 124 and boost circuit 158.

[0076] The thermoelectric generator 124 includes a heat
source interface 152, a differential temperature source 154,
and a thermoelectric device 156.

[0077] The heat source interface 152 is configured to be
placed into close proximity to, or direct contact with, body
92. The heat source interface 152 also forms a housing for
thermoelectric circuitry 122 in some embodiments, includ-
ing sidewalls 202 for enclosing edges of the thermoelectric
circuitry 122. In an example embodiment, the heat source
interface 152 is formed of plastic. Other embodiments
utilize other materials, such as metal or other materials.
However, it is preferable that at least the sidewalls 202 be
made of a material that has a relatively low thermal con-
ductivity. In some embodiments, holes or one or more plates
or passages are formed in portions of the heat source
interface 152 to permit heat from body 92 to be conducted
to the thermoelectric device 156. Accordingly, the heat
source interface 152 conducts heat from the patient’s body
92 to a portion of the thermoelectric device 156, so that the
temperature of the portion of the thermoelectric device 156
is about the same as the temperature of the portion of the
body 92. Typical skin surfaces of a human body are about 95
degrees Fahrenheit near the trunk and slightly less for
extremities, providing approximately a 90 degree tempera-
ture for the heat source interface 152.

[0078] The differential temperature source 154 is a heat
sink that interacts with the ambient atmosphere. In some
embodiments, the differential temperature source 154
includes fins 204 or other features that increase the surface
area of the differential temperature source 154 to increase
the thermal interaction between the differential temperature
source 154 and the ambient atmosphere. The differential
temperature source 154 is thermally coupled to a portion of
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the thermoelectric device 156 so that the temperature of the
portion of the thermoelectric device 156 is about the same as
the temperature of the ambient atmosphere.

[0079] In some embodiments, the differential temperature
source 154 is metal with little to no exterior paint. In some
embodiments the exterior surface is treated, e.g. by anodiz-
ing to a dark color (such as black), to increase emissions of
thermal energy. Anodizing to a dark color should reduce
internal reflection of IR photons, for example. Treating the
interior of differential temperature source 154, e.g. by pol-
ishing, to reflect back radiated thermal energy from heat
source interface 152 helps keep the differential temperature
source 154 cool by reducing absorption of thermal energy.
[0080] The thermoelectric device 156 operates to generate
electrical energy from the temperature differential between
the heat source interface 152 (e.g., 90 degrees) and the
differential temperature source 154 (e.g., 70 degrees).
Examples of thermoelectric device 156 are described herein,
such as one or more thermopiles having multiple thermo-
couples formed therein. If the surface of thermoelectric
device 156 that is proximal to the heat source interface 152
is coated to reflect IR energy, it will tend to protect differ-
ential temperature source 154 from thermal radiation.
[0081] The output of the thermoelectric device 156 is
boosted by the boost circuit 158. Examples of the boost
circuit 158 are described herein, such as including a step-up
converter 174. Additional electrical components can be
included within the housing, if desired, such as a processor,
a memory storage device, one or more sensors, or any other
desired electrical components.

[0082] In some embodiments, the thermoelectric device
156 is provided into a thermally conductive housing, of
which a base portion of the housing operates as the heat
source interface 152. The housing can have any desired
shape, including provision for plates or holes to allow heat
transfer. For example, if the thermoelectric device 156 has a
square or rectangular shape, the housing may have a similar
shape. However, in another possible embodiment, the hous-
ing has a different shape, such as a square or rectangular
shape with rounded corners, or a circular, oval, or other
desired shape. Typically the housing does not fully enclose
the thermoelectric device 156 to permit the exterior surface
of the differential temperature source 154 to be exposed to
the ambient atmosphere and allow the heat source 152 to be
exposed to body 92 with low thermal resistance.

[0083] The boosted electrical energy is then provided to
the one or more electrical components 192 of the medical
device 190. For example, the electrical energy can be
supplied to a lead that delivers the energy to a patch operable
to detect signals from the heart. A wide variety of other
medical devices (and associated electrical components) can
be similarly powered by the electrical energy in other
embodiments.

[0084] In some embodiments, the electrical component is
a patch including at least one sensing electrode, operable to
sense one or more electrical signals in the patient’s body.
The sensing electrode is coupled to the thermoelectric
circuitry 122 by a lead or other electrical conductors, in
some embodiments.

[0085] The thermoelectric circuitry 122 can be fastened to
the body 92 in a variety of ways. For example, thermal
adhesive 206 is provided in some embodiments to secure a
surface of the thermoelectric circuitry to the skin of the
person and provide a low thermal resistance path for heat
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flux from the body 92 to the heat source 152. In other
embodiments, other fasteners are used, such as a strap, band,
article of clothing, and the like. Combinations of fasteners
such as thermal adhesive 206 and straps may be used. The
thermoelectric circuitry 122 can be placed on any portion of
the body 92. Keeping the electronics separate from the
thermoelectric generator helps keep the differential heat
source temperature low; however, with insulation between
the electronics and differential temperature source 154,
electronics and the thermoelectric device 156 may be dis-
posed in the same housing.

[0086] In some embodiments, the medical devices
described herein are powered solely by the temperature
differential between a living body and the differential tem-
perature source 154. In other embodiments, however, mul-
tiple power sources are provided. For example, some
embodiments generate power from one, two, or more power
sources. Examples of such power sources include, for
example, a battery, a capacitor (such as a super capacitor), a
solar cell, a mechanical energy harvester, a radioisotope
thermoelectric generator, and other power sources. Some
embodiments include a multiple-input regulator that oper-
ates to add the power from multiple power sources, or to
selectively utilize power from one or more of the multiple
power sources. In another possible embodiment, the mul-
tiple power sources are arranged in series.

[0087] In the foregoing description, temperatures are pro-
vided in units of degrees Fahrenheit unless otherwise indi-
cated.

[0088] The various embodiments described above are pro-
vided by way of illustration only and should not be con-
strued to limit the claims attached hereto. Those skilled in
the art will readily recognize various modifications and
changes that may be made without following the example
embodiments and applications illustrated and described
herein, and without departing from the true spirit and scope
of the following claims.

What is claimed is:
1. A method of powering an electrical component, the
method comprising:
receiving heat from a portion of a living body with a heat
source interface device, the portion of the living body
having a first temperature, wherein the heat generates a
temperature differential between the heat source inter-
face device and a differential temperature source hav-
ing a second temperature;
generating a low-voltage output with a thermoelectric
device from the temperature differential between the
first temperature and the second temperature, the ther-
moelectric device coupled to the heat source interface
device and the differential temperature source;
boosting the low-voltage output to a higher voltage output
with a boost circuit electrically coupled to the thermo-
electric device; and
powering an electrical component with the higher voltage
output.
2. The method of claim 1, further comprising grasping the
heat source interface with a hand.
3. The method of claim 1, further comprising:
forming the electrical component as a medical device;
allowing a hand to grasp a handle of the medical device.
4. The method of claim 3, wherein the hand is the heat
source.
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5. The method of claim 3, wherein the medical device is
an otoscope.
6. The method of claim 5, further comprising powering a
light of the otoscope with the higher voltage output.
7. The method of claim 1, further comprising attaching the
heat source interface device to the living body.
8. The method of claim 1, wherein the thermoelectric
device is a thermocouple.
9. The method of claim 1, further comprising forming the
thermoelectric device using one or more thermopiles.
10. The method of claim 9, wherein each of the one or
more thermopiles is a peltier cooler.
11. The method of claim 1, wherein the boost circuit
includes a step-up transformer.
12. The method of claim 1, further comprising:
providing a step-up transformer as part of the boost circuit
to boost a voltage; and
providing a step-up converter as part of the boost circuit
to increase the voltage.
13. A method of powering an electrical component, the
method comprising:
providing a medical device including a handle;
receiving heat from a portion of a living body with a heat
source interface device positioned about the handle, the
portion of the living body having a first temperature,
wherein the heat generates a temperature differential
between the heat source interface device and a differ-
ential temperature source having a second temperature;
generating a low-voltage output with a thermoelectric
device from the temperature differential between the
first temperature and the second temperature, the ther-
moelectric device coupled to the heat source interface
device and the differential temperature source;
boosting the low-voltage output to a higher voltage output
with a boost circuit electrically coupled to the thermo-
electric device; and
powering the medical device with the higher voltage
output.
14. The method of claim 13, further comprising grasping
the heat source interface with a hand.
15. The method of claim 13, wherein the hand is the heat
source.
16. The method of claim 13, wherein the medical device
is an otoscope.
17. The method of claim 13, further comprising powering
a light of the otoscope with the higher voltage output.
18. A method of powering an otoscope, the method
comprising:
providing the otoscope including a handle;
receiving heat from a portion of a living body with a heat
source interface device positioned about the handle, the
portion of the living body having a first temperature,
wherein the heat generates a temperature differential
between the heat source interface device and a differ-
ential temperature source having a second temperature;
generating a low-voltage output with a thermoelectric
device from the temperature differential between the
first temperature and the second temperature, the ther-
moelectric device coupled to the heat source interface
device and the differential temperature source;
boosting the low-voltage output to a higher voltage output
with a boost circuit electrically coupled to the thermo-
electric device; and
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powering the medical device with the higher voltage
output.
19. The method of claim 18, wherein the thermoelectric
device is a thermocouple.
20. The method of claim 18, further comprising forming
the thermoelectric device using one or more thermopiles.
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