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(57) Abstract: A temperature sensing device accurately determines the core temperature of a warm blooded animal or human (22)
based on at least one measurement of the temperature of the skin (23) of the warm blooded animal or human. The device includes a
housing (1), and a first contact type temperature sensing element (6, 20) coupled to the housing (1). The first contact type temperature
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of the warm blooded animal or human (22). An electronic communication device, such as a display (4), is coupled to the electronic

circuit for communicating the core temperature to a user.
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" "MEDICAL BODY CORE THERMOMETER
The present application is a continuation-in-part of U.S.
Application Serial No. 10/870,654, filed on June 18, 2004, now pending, and
claims the priority of provisional patent application Serial No. 60/495,952, filed
August 19, 2003, now abandoned. The disclosures of each of these prior

related applications are hereby fully incorporated by reference herein.

Field of Invention

This invention relates to medical thermometers. More
particularly, the invention relates to thermometers that determine core body

temperature.

Background of the Invention

Body temperature is universally accepted as an important
indicator of the physical condition of humans and other warm blooded animals.
For many years, the most common method of measuring body temperature
was to insert a contact type thermometer into the patient's mouth or rectum
relying on conduction of heat to register an accurate temperature. One such
thermometer is a mercury-in-glass thermometer. These thermometers are
potentially hazardous due to a possibility of a mercury spill and glass
breakage. An alternative contact type thermometer is an electronic “pencil”
thermometer. These traditional thermometers will not register a body
temperature until after they are left in the patient's mouth, rectum or other
location for a relatively long time, thus making the measurement slow and

uncomfortable.
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A more advanced Instrumentation has been aevelopeda ror
measuring the human body temperature by non-contact readings of the
infrared (IR) emissions from the tympanic membrane and the ear canal. That
is, the IR sensor element takes a reading without the sensor or associated
sensing elements having to contact the patient. This technology has been the
subject of patents to O'Hara et al. (U.S. Patent No. 4,790, 324) and Fraden
(U.S. Patent No. 4,854,730). The determination of body temperature from an
IR reading of the ear drum or ear canal avoids a need of insertion of a probe
into a mouth or rectum and allows a measurement of body temperature within
a few seconds. However, the IR thermometers have their own problems, the
most important of which is susceptibility to the operator’s technique of taking a
temperature. Other drawbacks include effects of ambient temperature and
sensitivity to cleanliness of the IR lens. The IR thermometers are also
relatively expensive.

Another IR thermometer, which is exemplified by U.S.
Publication No. 2002/0114375 by Pompei, describes estimation of a core
temperature by measuring the skin temperature and the ambient temperature
by use of an IR emission detector. This method, however, suffers from other
limitations, including an operator’s technique, higher cost and other factors.

Any traditional contact (non-IR) thermometer has a probe with a
temperature sensor that responds to temperature of an object, i.e., a thermal
temperature sensor. The rate of response depends on the degree of a
thermal coupling with the object, nature of an object, the sensor’s isolation
from other components and its thermal capacity. There are two known
techniques in the art of a contact thermometry. One is the equilibrium and the

other is the predictive technique. The equilibrium demands a sufficiently long
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time to allow the sensor {o stabilize its response, meaning that the sensor's
temperature and the object’s temperature become nearly equal. The
predictive technique is based on measuring the rate of the sensor’s response
and estimation of its would be equilibrium level Whi(ih is not actually achieved
during the measurement but rather anticipated mathematically. The latter
technique allows a much quicker measurement but can result in some loss in
accuracy. The predictive method is exemplified by U.S. Patent No. 3,978,325.
Some of the predictive techniques rely on a software data processing, while
others rely on a hardware design. For instance, U.S. Patent 3,872,726 issued
to Kauffeld et al. teaches forecasting the ultimate temperature of a slow
responding thermistor in a contact thermometer by using a hardware
integrator. These thermometers are still intended for insertion into a body
orifice.

It is therefore an object of the present invention to provide an
electronic thermometer that can register a core body temperature of a
mammal without necessarily being inserted in the mouth or rectum.

It is another object of the present invention to provide an
electronic thermometer that can register a core or internal body temperature of
a warm blooded animal or human patient quickly after contacting the patient’s
skin.

It is another object of the present invention to provide a
thermometer that determines core body temperature in a manner that is less
dependent on the operator’s technique.

It is another object of the invention to provide an inexpensive

thermometer which is easy to manufacture.
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l-urther and additional objects are apparent trom the following

discussion of the present invention and the preferred embodiment.

Summary of the Invention

In one general embodiment, the present invention provides a
temperature sensing device operative to determine the core temperature of a
warm blooded animal or human based on at least one measurement of the
temperature of the skin of the warm blooded animal or human. The device
comprises a housing, and a first contact type temperature sensing element
coupled to the housing. The first contact type temperature sensing element
includes a first temperature sensor that is operative to measure the
temperature of the skin when the first temperature sensing element is in
contact with the skin. The first temperature sensor produces at least a first
signal. An electronic circuit uses the first signal to determine the core
temperature of the warm blooded animal or human. An electronic
communication device, such as a visual display or audio device, is coupled to
the electronic circuit for communicating the core temperature to a user.

In an additional aspect of the invention, a thermal insulator is
positioned adjacent the first temperature sensor. Also, a second temperature
sensor may be coupled to the housing, and if this aspect of the invention is
utilized, the thermal insulator is positioned generally between the first and
second temperature seﬁsors so as to thermally decouple the first and second
temperature sensors from each other. The second temperature sensor is
positioned so as to be thermally decoupled from the skin during thermal
measurement of the skin with the first temperature sensor and the second

temperature sensor detects a reference temperature represented by at least a
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" second-signal. |he electronic circuit then uses the first and second signals to

determine the core temperature.

In another aspect of the invention, a moveable element carries
the first contact type temperature sensing element. The moveable element is
configured to be moved into at least first and second positions. The first
position is a position at which the first contact type temperature sensing
element is not adapted for contact with the skin of the patient and the second
position is a position at which the first contact type temperature sensing
element is adapted for contact with the skin of the patient. The moveable
element can further comprise a shaft formed from a thermally insulating
material, and this shaft may be spring loaded to normally bias the first contact
type temperature sensing element toward the first position, that is, out of
contact with the skin.

A guard may be coupled to the housing according to another
aspect of the invention. The guard is configured to surround and protect the
first contact type temperature sensing element when not in use. The guard
can be moveable relative to the first contact type temperature sensing element
to allow the first contact type temperature sensing element to contact the skin
while measuring the temperature of the skin.

In another embodiment of the invention, a temperature sensing
device operative to determine the core temperature of a warm blooded animal
or human comprises a housing and a temperature sensor coupled to the
housing. A power supply is coupled to the temperature sensor, and an
electronic circuit is electrically coupled to the temperature sensor and the
power supply. The electronic circuit operates to determine the core

temperature using at least one reading taken from the temperature sensor. An
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_ electronic communication device is coupled to the electronic circuit and

operates to communicate the core temperature to a user. A handling detector
is coupled with the power supply and operates to detect handling of the device
by the user and, in response, activate the supply of power from the power
supply to the electronic bircuit. As examples, the handling detector can furthér
comprise various types of motion sensors, such as tilt detectors, or may be
touch sensitive, such as through the use of a capacitive touch sensor.
Redundant systems of this type may be used if desired to ensure that the
device powers up upon handling by the user. Another possibility is to provide
a switch mechanically coupled to the temperature sensor such that, for
example, if the sensor or portion carrying the sensor is tapped on a table or
counter surface, the device will power up.

The invention further contemplates methods for determining the
core temperature of a warm blooded animal or human based on at least one
measurement of the temperature of the skin of the warm blooded animal or
human. Generally, the method involves contacting the skin of the warm
blooded animal or human with a first contact type temperature sensing
element. The temperatufe of the skin is then determined based on at least a
first signal from the first contact type temperature sensing element. The first
signal is then used to determine the core temperature of the warm blooded
animal or human.

The method can further involve determining the temperature of
the first contact type temperature sensing element prior to determining the
temperature of the skin with the first contact type temperature sensing
element. At leasta secqnd signal is produced representative of the

temperature of the first contact type temperature sensing element. The first
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and second signals are then used to determine the core temperature of the
warm blooded animal or human.

In another aspect of the invention, determining the temperature
of the skin further comprises measuring a rate of change in skin temperature
readings.

Another aspect of the invention involves producing at least a
second signal representative of the temperature of a second thermal
temperature sensor thermally insulated from both the first contact type
temperature sensing element and the skin, and using the first and second
signals to determine the core temperature of the warm blooded animal or
human.

Various additional aspects and features of the invention will
become more readily apparent to those of ordinary skill upon review of the

following detailed description of the illustrative embodiments.

Brief Description of Drawings

FIG. 1 is a perspective view of a first illustrative embodiment of a
thermometer in accordance with the invention and shown with a probe
touching the skin of the patient’s forehead.

FIG. 2 is a cross-sectional view of the thermometer of Fig. 1 with
two absolute temperature sensors and a spring-loaded thermal contact
mechanism.

FIG. 3 shows another embodiment of a thermometer with a
probe enveloped by a probe cover.

FIG. 4 is a thermal diagram of the thermometer of Fig. 1 with a

temperature sensing element touching the skin.
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probe having a heater.
FIG. 6 illustrates a timing diagram of sensor response upon

contact between the probe and the skin.

5 Fig. 7 is a block diagram of the thermometer with two

temperature sensors.

FIG. 8 is a cross-sectional view of a thermometer with a handling
detector in the form of a motion detector for automatic power-up.

Fig. 9 is a timing diagram of the first temperature sensor

10 response.

Fig. 10 is a block diagram of another embodiment of a

thermometer having a single temperature sensor.

Detailed Description of The Preferred Embodiments

15 Two major issues of a patient core temperature measurement
are addressed by this invention. The first is the speed of response (i.e., the
speed at which an accurate temperature is displayed) and the second is a
non-invasive measurement with an acceptable accuracy. The thermometer is
intended for intermittent measurements of temperature by touching a selected

20 location on the skin of a patient’s body.

One form of the thermometer is shown in Fig. 1. The device has
a housing 1 that can be held by a user’'s hand 24. Optional switch 5 can be
used to power up the device and take a measurement. The result of
measurement is represented on a display 4. Probe 3 touches skin (for

25 example, forehead 23) of patient 22. Fig. 3 shows another embodiment of the

thermometer that has an elongated neck 2 and probe 3 which are enveloped
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_ by sanitary probe cover 26 that can be of a conventional design. Usually, the

probe covers 26 are narrow elongated bags fabricated of thin polymer film k
having thickness on the order of 0.001 inch.

This thermometer is intended for temperature measurements
from such body sites as a carotid artery region behind the ear lobe, tragus
area (near the ear), armpit, chest, abdomen, groin, and forehead. Design of a
practical probe will be influenced by a selected measurement site. The basic
design principles are exemplified for a forehead probe and in pertinent part will
be applicable for other body site probes.

Fig. 2 shows a cross-sectional view of housing 1 and probe 3.
Housing 1 contains a first contact type temperature sensor 6, a second
thermal temperature sensor 7 and a thermal insulator 10 positioned between
the two sensors 6, 7. The insulator 10 may be fabricated of any conventional
insulating material or it may be just void or air space between the two sensors
as shown in Fig. 2. The sensors 6, 7 are preferably absolute temperature
sensors such as NTC thermistors, semiconductors, or RTDs. Here, the term
“absolute” means that they can measure temperature with reference to an
absolute temperature scale. Naturally, other types of sensors can be
employed, such as thermocouples. However, a thermocouple being a relative
sensor would require use of an absolute reference sensor. Below, thermistors
are described to illustrate the operating principle. First sensor 6 is intended for
coming into a thermal contact with the patient skin (in this example, via plate
20), while second sensor 7 is thermally insulated from the patient at all times.
Note that sensor 7 is optional and is not essential for the operation. However,
it may aid in enhancing accuracy and thus may be used if needed in a

particular design.
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For stabilizing a thermal response, sensor 7 is attached to
thermal mass 9 (a metal plate). Thermal mass 9 may be supported by a
circuit board 36. Likewise, sensor 6 can be attached to plate 20 that is also
fabricated of metal to form a temperature sensing element. It is important to
provide a good thermal coupling between first sensor 6 and plate 20. Plate 20
may be fabricated of copper having a thickness on the order of about 0.010”
and gold plated to prevent oxidizing that may resuit from touching the patient’s
skin. For better coupling with the skin, plate 20 can have a convex shape. Of
course, the temperature sensing element may take many alternative forms.

To improve the consistency of thermal contact with the patient’s
skin, plate 20 may be made movable. More preferably, plate 20 may be
supported by shaft 8 that is mechanically connected to first spring 11 and can
move in and out of probe 3. The spring 11 helps to assure a steady, constant
and reliable pressure applied by plate 20 to skin 15. Shaft 8 is preferably
fabricated of a material with low thermal conductivity and preferably should be
made hollow (see Fig. 5). Shaft 8 may serve the function of thermal insulator
10 (Figs. 2 and 4). Both sensors, 6 and 7, are connected to the electronic
components on circuit board 36 via conductors that are not shown in Fig. 2.

To protect a delicate probe tip (plate 20 and shaft 8) while using
it 6r while it is in storage, another movable component or guard 17 may be
employed (Fig. 2). Guard 17 is pushed downward by a second spring 12.
Guard 17 can move in and out of sleeve 16. Guard 17 and sleeve 16 may be
fabricated of plastic and positioned in spaced relation to plate 20 as shown in
Fig. 2. The edge of guard 17 that comes in contact with the skin, can be
rubberized to minimize slippage while in use. When probe 3 is not touching

skin 15, guard 17 is protruding from sleeve 16, thus shielding plate 20 from
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possible mechanical damage. When probe 3 comes in contact with skin 15
and a sufficient pressure is applied, guard 17 slides inside sleeve 16, thus
exposing plate 20 and allowing it to come in contact with skin 15. Further
pressure compresses both springs 11 and 12 until guard 17 reaches its limit of
movement. This provides a predetermined degree of the first spring 11
compression and aids in consistency of measurements.

Fig. 4 illustrates the basic principle of measuring core
temperature according to an illustrative embodiment of the invention. When
probe 3 is pressed against patient’s skin 15, first temperature sensor 6
becomes thermally coupled to the patient core through the patient body
thermal resistance Rs. The core or internal body temperature is represented
as T,. The value of Rs depends on thermal properties of skin, fat, muscles,
etc. It should be kept in mind that this resistance is not constant, even for the
same patient. It is affected by the ambient and patient temperatures, patient’s
age, clothing, etc. In fact, this resistance is under a constant physiological
control by the patient’s central nervous system. Temperature distribution
within the probe depends on the thermometer housing temperature T, , force
of the plate 20 (Fig. 2) compression, thermal insulator 10 and any outer
insulator 37 which is formed by the components inside the thermometer
housing 1.

Reference temperature T, is measured by second sensor 7.
When the skin is touched by the probe 3, and specifically by plate 20, heat
flows from the patient’s core to the thermometer housing via thermal
resistances Rs, R, and R, (thermal resistance of outer insulator 37). Since
resistance R is not fixed, a true core body temperature computation is

impossible. However, an accurate approximation by a 2nd order equation can
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provide results with an acceptable degree of clinical accuracy. kEquation (1)
provides a practical way to compute a deep body (core) temperature from

temperature of skin T and reference temperature T,

Equation (1): 7o = AT 2+ (B+CT ), +DT, +E
where A, B, C, D and E are the experimentally determined constants.

To determine the constants (A-E), temperatures from a relatively
large number of patients (30 or more) are measured with the thermometer of
this invention (hereinafter “device under test” or “DUT”) and a reference
thermometer of a conventional design. The reference thermometer must have
an acceptable degree of accuracy of measuring the body core temperatures.
An example is an infrared ear (tympanic) thermometer. Since it is a well
known fact that skin temperature is affected by ambient temperatures (see, for
example Y. Houdas and E.F.J. Ring. Human Body Temperature. Plenum
Press, New York and London. 1982), the experiments are made while the
patients and the thermometers are subjected to cold, warm and normal room
temperatures. Three constants (A, B and C) are inversely related to a
patient’s physiological limit of temperature (7.). The value of T, corresponds to
the highest controllable temperature of a human body that can be tolerated
without irreversible damage to the internal organs. For all practical purposes it
is determined as 42°C. If the measurement site is selected on a neck over a
carotid artery of an adult, before collecting data, values of the constants in
DUT are initially set as:

A=1]T,
B=1+15/T,
C=-02/ T,

D=-0.25
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E=-22

Then, data are collected from many patients and a well known in the art curve
fitting technique is employed to the ensemble of temperature data. The goal
of the curve fitting is to minimize differences between the DUT and the
reference thermometer readings, by adjusting values of the constants. This
should be done separately for different patient age groups. Other anatomical
factors may also be taken into account. The constants will be different for
different body sites (forehead, tragus area, efc.). After the constants are
adjusted, they can be used in operating a practical thermometer according to
the inventive principles.

It is important to note that in Equation (1), T represents a true
skin temperature, yet first sensor 6 may not be able to quickly measure the
true skin temperature while touching skin 15. The reason is that skin is a poor
heat conductor and has a rather low thermal capacity. Thus, touching skin 15
with plate 20 for a short time alters the skin temperature from a true value of T
to some measured value T,. Hence, before Equation (1) can be employed,
the value of a true skin temperature T should be computed. This can be done
by using two temperatures: Ty and T,, where Ty is the temperature of first
sensor 6 before touching skin 15. This temperature is referred to as the
baseline temperature. It depends on many factors, specifically, the materials
used in the probe, the ambient temperature, and the history of use, i.e., how
recently the probe touched the skin. For computation of T, Equation (2)
provides a sufficient accuracy:

Equation (2): T, = (T,, —1},)y+Tp

where p is the experimentally determined constant. To finds the value of p,
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multiple skin temperature measurements are made with varying 7o and then a
value of u is selected to minimize effects of Tp on T;. For example, p= 0.5.

If shaft 8 has a very low thermal conductivity and plate 20 has
very low thermal capacity, the temperature measurement time may take less
than about 3 seconds. However, when the probe tip is cold (baseline
temperature Ty is low), plate 20 may alter the skin temperature so much that it
may take a longer time to measure and compute temperature T,. To further
shorten the response time of first sensor 6, the probe tip can be pre-warmed
by an embedded heater 21 as illustrated in Fig. 5. Heater 21, first sensor 6
and plate 20 are in an intimate thermal coupling with each other. Heater 21
and first sensor 6 are connected to the electronic circuit by conductors 14 and
13, respectively. Before the skin is contacted by plate 20, heater 21 elevates
temperature of plate 20 to a level that is warmer than ambient and somewhat
below an anticipated skin temperature. A good practical number for a pre-
warming is 28 °C (82 °F). This pre-warmed temperature will be used in
Equation (2) as Tp. The heater is preferably turned off before or at the instant
when skin is being touched.

Before Equation (2) can be used for calculating the skin
temperature Ts, an accurate determination of the first sensor 6 temperature T,
is made. This task, however, typically cannot be accomplished by just
measuring and computing temperature of first sensor 6. The reason is that the
temperature of sensor 6 changes rather quickly and its output signal keeps
changing for an extended period of time. After the skin is touched, the heat
flow from the subcutaneous tissues (carotid artery, e.g.), through the skin, to
plate 20 and further through shaft 8 (which serves as a thermal insulator 10)

will change with a variable rate. Fig. 6 illustrates that the temperatures of both



WO 2006/009585 PCT/US2005/004884

10

15

20

25

sensors 6 and 7 change over time, while the temperature of first sensor 6
varies much more. The change in heat flow will continuously modify the
temperature of the skin at the contact spot and that of first sensor 6 until a
steady-state level T, is reached. In practice, settling on a steady-state level T,
may take as long as a minute — a very long time indeed. An aspect of this
invention shortens the computation time dramatically. For example, with the
present invention, T, may be arrived at within a second rather than a minute.
To speed up determination of T, the following technique is employed.

First, a rate of heat flow through shaft 8 is determined. The rate
is measured by taking multiple readings from sensor 6 as shown in Fig. 6.
After the temperature detected by sensor 6 starts moving from the base level
Ty (upon touching the skin), pairs of data points are selected from a series of
readings. Multiple pairs of data points (temperatures at points x and y) from
the sensor 6 should be taken over time delays fp. It is important that the time
delay f, between points x and y is constant and known. Next, Equation (3) is
employed to determine the rate of heat flow:

T. —kT
Equation (3): T, :—GYITG"

where k is a constant. Typically it is equal to 0.5 for fo= 500 ms, Tec and Tgy,
are the temperatures measured at points x and y respectively.

Second, multiple values of T,; are computed from a series of
pairs x and y and compared with one another. When the difference between
two adjacent T,; becomes small, these two values of T, are averaged and the
result T, is used in Equation (2). If second sensor 7 is employed and its

temperature changes as well (as in Fig. 6), a similar technique can be

employed to compute T, from second sensor 7.
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_Fig. 7 shows a block diagram of a thermometer in accordance
with an embodiment of this invention. Two thermistors are used as respective
first and second sensors 6, 7. They are pulled up by first and second pull-up
resistors 18 and 19, respectively, that are connected to a constant reference
voltage 25 generated by power supply circuit 35. Signals from both sensors 6,
7 are fed into a multiplexer 32 which is a gate to allow passage of only one
signal at a time. The output signal of multiplexer 32 is applied to an analog-to-
digital (A/D) converter 33. All these parts are under control of microcontroller
34, electric power to which can be turned on by switch 5. The result of the
core temperature computation is presented on display 4. It should be
understood that a similar but modified circuit may be used with a probe having
different types of sensors, such as semiconductors, e.g., and signals from
various sensors may be used by microcontroller 34 to compute the body core
temperature by employing methods as described above.

There are several ways to detect when plate 20 touches the skin.
One way is to use switch 40. To detect the instant when the skin is being
touched by plate 20, switch 40 may be mechanically coupled to plate 20 and
shaft 8 (Figs. 2 and 7). When shaft 8 moves, switch 40 closes and sends a
signal to microcontroller 34, thus indicating that the skin was touched. If the
use of a switch 40 is not desired, other ways to detect touching the skin may
be used. For example, after power up, microcontroller 34 can constantly
check temperatures of sensor 6 at predetermined time intervals #; (Fig. 9). A
temperature of first sensor 6 stays on a relatively stable level until the probe
touches the patient’s skin. At this moment, temperature of first sensor 6

begins to rise sharply. A difference between temperatures T; and Tz is
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detected to be larger than earlier and this event sighals the microcontroller that .

the skin was touched and the measurements and computaﬁon must start.

To make the thermometer more user-friendly, some of its
functions can be automated. For example, power switch 5 can be eliminated
entirely. Powér to the circuit may be turned on automatically by a handling
detector when the device is picked-up by a user. Fig. 8 illustrates a simple
motion detector 28 that is gravity operated. It has several electrodes 29
embedded into a hollow capsule 30. Electrically conductive ball 27 resides
inside capsule 30. Wheﬁ the position of the device changes after being picked
up, ball 30 rolls inside capsule 30 making intermittent contact with the internal
electrodes 29. This modulates electrical resistances between the adjacent
contacts and can be detected by microcontroller 34, signaling it to turn power
on. Alternatively, or in addition, housing 1 of the thermometer may have metal
contacts on its outer surface that would be part of a capacitive touch sensor.
Such a touch sensor may turn on the power similarly to the motion sensor 28
described above. These are just well known examples of various sensors that
may be referred to as “handling detectors.” Many such detectors or sensors
are known in art and thus not described in further detail herein. Some of these
detectors are described in a book by Jacob Fraden “Handbook of Modern
Sensors” (3" ed., Springer Verlag, NY, 2004) herein incorporated by
reference. Note that switch 40 also may be employed as a handling detector
for turning power on. When power is off, the probe 3 may be tapped on a
surface, such as a table surface. This would momentarily close switch 40,
signaling the microcontroller that the measurement cycle may start.

As merely one illustration of the inQentive principles, the

thermometer of Fig. 7 operates as follows. Initially, the thermometer typically
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IS In storage, sucn as in a medicine cabinet and its power is off. After being
picked-up, motion detector 28 (not shown in Fig. 7) turns power on and
temperatures from both sensors 6 and 7 alter the thermistor resistances.
Signals from the sensors 6, 7 are fed into multiplexer 32 and then pass to A/D
converter 33. Temperatures of sensors 6 and 7 are measured and computed
continuously with a predetermined rate. The temperature of first sensor 6 (Ty),
before the skin is touched, is stored in memory and will be used later for
computing the skin temperature Tsby use of Equation (2). The temperature of
second sensor 7 is measured and stored as T,. To take a reading, the user
pushes the probe tip against the patient’s skin and switch 40 closes, indicating
the moment of skin touching. The temperature of first sensor 6 rises and is
read continuously in a digital format by A/D converter 33. From each pair of
the first sensor readings separated by {,, a heat flow rate of change is
measured and computed from Equation (3). When microcontroller 34
determines that the rate of change has reached a sufficiently steady value, it
computes T, as described above and subsequently employs Equation (2) to
compute the skin temperature Ts . Then, using Equation (1), the patient’s core
temperature T is finally computed by using constants, obtained as described
above, and stored in the internal memory. The entire process may take only a
few seconds from the moment of skin touching.

Some additional computations may also be performed to aid in
usefulness of the device. These may include changing the display scale,
testing the temperature limits, checking the power supply, etc. Power of the
thermometer may be turned off automatically by microcontroller 34 after a

preset delay of, for example, 60 seconds.
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_ _ In another embodiment of the invention, only one temperature.
sensor is used (first sensor 6). This is illustrated in Fig. 10. Since the second
temperature sensor 7 is absent, its function is taken over by first temperature
sensor 6. Operation of the circuit of Fig. 10 is nearly identical to that of Fig. 7,
except that reference temperature T, is measured by first sensor 6 after power
up, as a first control operation, and stored in the internal memory (not shown)
of microcontroller 34 for later use in Equation (1).

While the present invention has been illustrated by a description
of various preferred embodiments and while these embodiments have been
described in some detail, it is not the intention of the Applicant to restrict or in
any way limit the scope of the appended claims to such detail. Additional
advantages and modifications will readily appear to those skilled in the art.
The various features of the invention may be used alone or in numerous
combinations depending on the needs and preferences of the user. This has
been a description of the present invention, along with the preferred methods
of practicing the present invention as currently known. However, the invention

itself should only be defined by the appended claims, wherein | claim:
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1. A lemperature sensing aevice operatve 10 aetermine ne core
temperature of a warm blooded animal or human based on at least one
measurement of the temperature of the skin of the warm blooded animal or
human, the device comprising:

a housing;

a first contact type temperature sensing element coupled to the
housing and including a first temperature sensor, the first temperature sensor
operative to measure the temperature of the skin when the first contact type
temperature sensing element is in contact with the skin and produce at least a
first signal;

an electronic circuit electrically coupled with the first contact type
temperature sensing element and operative to use the first signal to determine
the core temperature of the warm blooded animal or human; and

an electronic communication device coupled to the electronic

circuit and operative to communicate the core temperature to a user.

2. The device of claim 1, further comprising a thermal insulator

positioned adjacent the first temperature sensor.

3. The device of claim 2, further comprising:

a second temperature sensor coupled to the housing, the
thermal insulator positioned generally between the first and second
temperature sensors so as to thermally decouple the first and second
temperature sensors from each other, and the second temperature sensor
further being positioned so as to be thermally decoupled from the skin during

measurement of the skin with the first temperature sensor, the second
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temperature sensor operative to detect a reference temperature represented .
by at least a second signal, and wherein the electronic circuit uses the first and

second signals to accurately determine the core temperature.

4. The device of claim 1, further comprising a moveable element
carrying the first contact type temperature sensing element, the moveable
element configured to be moved into at least first and second positions, the
first position being a position at which the first contact type temberature
sensing element is not adapted for contact with the skin and the second
position being a position at which the first contact type temperature senéing

element is adapted for contact with the skin.

5. The device of claim 4, wherein the moveable element further

comprises a shaft formed from a thermally insulating material.

6. The device of claim 5, wherein the shaft is spring loaded to
normally bias the first contact type temperature sensing element toward the

first position.

7. The device of claim 1, further comprising:

a guard coupled to the housing and configured to surround and
protect the first contact type temperature sensing element when not in use, the
guard further being moveable relative to the first contact type temperature
sensing element to allow the first contact type temperature sensing element to

contact the skin while measuring the temperature of the skin.
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8. Atemperature sensing device operative to determine the core

temperature of a warm blooded animal or human, comprising:
a housing;
a temperature sensor coupled to the housing;
5 a power supply coupled to the temperature sensor;

an electronic circuit electrically coupled to the temperature

sensor and the power supply, and operative to determine the core

temperature using at least one reading taken from the temperature sensor;
an electronic communication device coupled to the electronic

10 circuit and operative to communicate the core temperature to a user; and

a handling detector coupled with the power supply and operative

to detect handling of the device by the user, and, in response, activate the

supply of power from the power supply to the electronic circuit.

15 9. The device of claim 8, wherein the handling detector further

comprises at least one of a motion sensor and a capacitive touch sensor.

10. The device of claim 8, wherein the handling detector further
comprises a switch mechanically coupled to the temperature sensor.
20
11. A method of determining the core temperature of a warm
blooded animal or human based on at least one measurement of the
temperature of the skin of the warm blooded animal or human, comprising:
contacting the skin of the warm blooded animal or human with a

25  first contact type temperature sensing element;
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determining the temperature of the skin ot the warm blooded -
animal or human based on at least a first signal from the first contact type
temperature sensing element; and

using the first signal to determine the core temperature of the

warm blooded animal or human.

12. The method of claim 11, further comprising:

determining the temperature of the first contact type temperature
sensing element prior to determining the temperature of the skin with the first
contact type temperature sensing element;

producing at least a second signal representative of the
temperature of the first contact type temperature sensing element;v and

using the first and second signals to determine the core

temperature of the warm blooded animal or human.

13. The method of claim 11, wherein determining the temperature of
the skin further comprises:
measuring a rate of change in skin temperature readings taken

with the first contact type temperature sensing element.

14. The method of claim 11, further comprising:

producing at least a second signal representative of the
temperature of a second temperature sensor thermally insulated from both the
first contact type temperature sensing element and the skin; and

using the first and second signals to determine the core

temperature of the warm blooded animal or human.
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15. _ _ . _ The method of claim 11, wherein the core temperature is

determined using the equation
T = AT* +(B+CT)T, + DT, +E
where: T. is the core temperature,
5 Ts is the skin temperature,
Tris a reférence temperature, and

A, B, C, D and E are constants.
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