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(57) Abstract

An infrared ear thermometer includes a
detector head housing, a heat sink, a recess
formed in the heat sink, a thermopile sensor
mounted within the recess, a thermistor, and

temperature determination circuitry. The re- 70
cess defines an aperture that limits the field
of view of the thermopile sensor. The ther- 66
mal capacities and conductivities of the heat
sink and the thermopile sensor are selected so 64
that the output signal of the thermopile sensor
stabilizes during a temperature measurement.
A method of determining temperature using 55

the ear thermometer takes successive measure-
ments, stores the measurements in a moving
time window, averages the measurements in
the moving window, determines whether the
average has stabilized, and outputs an average
temperature. A method of calculating a sub-
ject’s temperature determines the temperature
of a cold junction of the thermopile, looks up
a bias and slope of the thermopile based upon
the temperature of the cold junction, measures
the output of the thermopile, and calculates the
subject’s temperature based upon a linear rela-
tionship' between the output and the subject’s
temperature. The linear relationship is defined
by the bias and the slope.
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INFRARED EAR THERMOMETER

Background of the Invention

Field of the Invention

This invention relates generally to temperature measurement and, more particularly,

the invention relates to infrared clinical thermometers.

Description of the Related Art

Conventional ear thermometers employ an infrared (IR) detector for sensing the
temperature inside the ear at the tympanic membrane. The infrared detector is mounted
within a heat sink so as to stabilize an ambient reference temperature. As conventionally
mounted, the detector is too large to be inserted into the ear canal leading to the tympanic
membrane. Accordingly, a waveguide, typically formed of a polished tube, is interposed
between the tympanic membrane and the IR detector. The use of a waveguide involves a
number of drawbacks resulting, for example, from its non-zero emissivity, its relatively

high cost, and the complexity of the resultant structure.

Summary of the Invention

One embodiment of the invention is an infrared ear thermometer. The infrared ear
thermometer includes a detector head housing having a heat sink with a recess. A
thermopile sensor is mounted in the recess. The recess defines an aperture that limits the
field of view of the thermopile sensor. The thermometer also includes a thermal sensor and
temperature determination circuitry configured to calculate a temperature in response to
output of the thermopile sensor and the thermal sensor.

Another embodiment of the infrared ear thermometer includes a detector head
housing having a heat sink with a recess. A thermopile sensor is mounted in the recess.
The thermopile sensor has a hot junction and a cold junction, the hot junction being
responsive to infrared radiation. An output signal of the thermopile sensor is related to a
temperature difference between the hot junction and the cold junction. A thermal capacity
of the hot junction, a thermal conductivity between the hot junction and the cold junction, a
thermal capacity of the cold junction, a thermal conductivity between the cold junction and

the heat sink, and a thermal capacity of the heat sink are selected so that the output signal of
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the thermopile sensor stabilizes or has a flat peak during a temperature measurement. A
thermistor is mounted in thermal communication with the cold junction. Temperature-
determination circuitry calculates an output temperature in response to the output signal of
the thermopile sensor and an output of the thermistor.

Another embodiment of the infrared ear thermometer includes a detector head
housing having a heat sink with a recess. A thermopile sensor is mounted in the recess.
The thermopile sensor has a hot junction and a cold junction, the hot junction being
responsive to infrared radiation. The output signal of the thermopile sensor is related to the
temperature difference between the hot junction and the cold junction. A thermistor is
mounted in thermal communication with the cold junction. A heat pipe, made of a
thermally conductive material, surrounds a portion of the thermopile sensor, whéreby the
heat pipe prevents heat transfer from an ear canal to the hot junction. Temperature
determination circuitry calculates an output temperature in response to the output signal of
the thermopile sensor and an output of the thermistor.

Another embodiment of the invention is a method for determining the temperature
of a subject. Successive temperature measurements of the subject are taken using an
infrared thermometer. A plurality of most recent measurements are stored in a moving time
window. An average of up to all of the plurality of stored measurements is successively
calculated. The difference between successive averages is calculated and a determination is
made whether the difference is less than a predetermined value. Finally, a calculated
temperature is output.

Another embodiment of the invention is a method for calculating a subject’s
temperature based upon output values from a thermopile and a thermistor of an infrared
thermometer, wherein the thermistor is in thermal communication with a cold junction of
the thermopile, and wherein the hot junction is in infrared communication with an object to
be measured. The temperature of the cold junction is determined with the thermistor. A
bias and a slope of the thermopile are looked up in a lookup table based upon the
temperature of the cold junction. The output signal of the thermopile is measured. Finally,
a temperature is calculated based upon a linear relationship defining temperature as a
function of the output signal of the thermopile in terms of the bias and the slope.

Another embodiment of the invention is an infrared thermometer for measuring

temperature of a subject’s forehead. The infrared car thermometer includes a detector head
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having a metal heat sink. A thermopile sensor is mounted to the front of the heat sink with
a thermopile sensor mounted in the recess. A thermistor is mounted in thermal
communication with a cold junction of the thermopile sensor. The outer surface of the
detector head includes an extension for placement against the subject’s forehead, wherein
the extension forms an air pocket isolating a portion of the forehead from air flow outside
the air pocket.

Another embodiment of the infrared thermometer for measuring temperature of a
subject’s forehead includes a detector head having a metal heat sink. A thermopile sensor
is mounted to the front of the heat sink with a thermopile sensor mounted in the recess. A
first temperature sensor measures a cold junction temperature of the thermopile sensor. A
second temperature sensor provides fast measurement of a room ambient temperature. An
electronic circuit calculates the temperature of the subject based in part upon the input of
the second temperature sensor.

Another embodiment of the invention is a detector head housing for an infrared
clinical thermometer. The housing includes a body made of a soft plastic material. The
body has an outer surface configured to make contact with a subject. A liquid having a
high thermal capacity fills a portion of a cavity formed within the body. The high thermal
capacity liquid thermally isolates an infrared sensor within the body from heat generated by
the subject.

Another embodiment of the infrared ear thermometer includes a detector head
housing having a heat sink with a recess. A thermopile sensor is mounted in the recess. A
sleeve that defines an aperture that limits the field of view of the thermopile sensor fits into
the recess. The thermometer also includes a thermal sensor and temperature determination
circuitry configured to calculate a temperature in response to output of the thermopile

sensor and the thermal sensor.

Brief Description of the Drawings

The preferred and other embodiments of the present invention are described below
in connection with the drawings in which like reference numbers represent corresponding
components throughout, and in which:

Figure 1 illustrates an ear thermometer constructed and operative in accordance with

a preferred embodiment of the present invention;
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Figure 2 illustrates a cross section of a detector head in accordance with a preferred
embodiment of the ear thermometer;

Figure 3 illustrates a detector head constructed in accordance with an alternative
embodiment of the present invention;

Figure 4 is a graph of the possible output signals of a thermopile detector as a
function of time;

Figure 5A illustrates a family of plots of the output of the thermopile detector as a
function of the temperature of the object being measured;

Figure 5B illustrates a preferred method that can be used in accordance with the
present invention to calculate the temperature of an object;

Figure 6 illustrates a preferred method for measuring temperature in accordance
with the present invention;

Figure 7 illustrates a detector head adapted for measuring forehead temperature in
accordance with an alternative embodiment of the present invention;

Figure 8 illustrates an alternative embodiment of the detector head configured to
function in conjunction with a variety of ear canal sizes; and

Figure 9 illustrates an alternative embodiment of the detector head configured to

provide improved heat transfer.

Detailed Description of the Embodiments

In the following description, reference is made to the accompanying drawings,
which form a part hereof, and which show, by way of illustration, specific embodiments in
which the invention may be practiced. It is to be understood that other embodiments may
be utilized and structural changes may be made without departing from the scope of the
present invention. Where possible, the same reference numbers will be used throughout the
drawings to refer to the same or like components. Numerous specific details are set forth in
order to provide a thorough understanding of the present invention. However, it will be
understood by one skilled in the art that the present invention may be practiced without the
specific details or with certain alternative equivalent devices and methods to those
described herein. In other instances, well-known methods, procedures, components, and
devices have not been described in detail so as not to unnecessarily obscure aspects of the

present invention.
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Figure 1 illustrates an ear thermometer constructed and operative in accordance with

a preferred embodiment of the present invention. The ear thermometer comprises a hand

PCT/IB99/01698

held housing 10, in which is disposed a detector head 12, temperature determining circuitry

14, which receives inputs from the detector head 12, and a display 15 for displaying a

visible indication of measured temperature. An electrical power source 16 and optional

audio output device 18 are also provided.

Figure 2 illustrates a cross section of the detector head 12. The detector head 12

includes a tapered, generally conical, concavely curved outer surface 20 preferably formed

of a soft thermal insulator such as foamed polyurethane. The detector head 12 is

configured to engage the ear canal of a subject.

somewhat flexible, with a hardness equal to or less than Shore 40, which provides a

The outer surface 20 is preferably

pleasing touch to a human ear. Disposed in the interior of the outer surface 20 is a thermal

insulative filler 22, preferably formed of a plastic material, which defines a longitudinal

bore 24 extending from a narrow front (distal) end 26 to a rearward (proximal) end 28 of

the detector head 12.

Disposed in the bore 24 is a heat sink 30 preferably comprising a high thermal

conductivity, high thermal capacity rod. The heat sink 30 is preferably made of copper.

The heat sink 30 is preferably dimensioned to fit tightly in the bore 24. In one

embodiment, the heat sink terminates in a threaded end 19 with which the detector head 12

is attached to the housing 10. A recess 32 in the heat sink 30 is preferably located adjacent

the front end 26. An infrared (IR) transmissive window 34, typically formed of silicon, is

preferably hermetically sealed at the front end 26, thus sealing the bore 24. The IR

transmissive window 34 is preferably mounted with a thermal adhesive directly onto the

heat sink 30 such that the window 34 is in thermal connection with the heat sink 30.

An IR sensor 40 is mounted directly onto a forward facing surface 42 of the heat

sink 30 in recess 32 and is positioned so that the recess limits the field of view of the sensor

40 to window 34. The IR sensor 40 thus “sees” the heat sink 30 and the outside, as defined

by the field of view, but nothing else. The IR sensor 40 is preferably provided without a

conventional housing and is preferably mounted directly on the heat sink 30. In the

preferred embodiment, the heat sink 30 serves as the housing for the IR sensor 40. The IR

sensor 40 is preferably a thermopile sensor.
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A thermistor 44 is preferably mounted inside the heat sink 30 at a location adjacent
that of surface 42. Electrical output signals from both the IR sensor 40 and the thermistor-
44 are preferably provided to preamplification electronics 46, which can be mounted on the
heat sink 30. The output of the preamplification electronics 46 is provided to the
temperature determining circuitry 14 (Figure 1) via a connecting socket 48. In accordance
with one embodiment of the invention, the temperature determining circuitry 14 comprises )
a lookup table that maps actual measured values of the electrical output signals to
temperatures, thereby providing a high degree of accuracy.

When the thermometer is inserted into a subject’s ear canal, the IR sensor 40
receives IR radiation directly from the ear, with the only intermediary being the window 34.
When properly positioned in the ear canal, the IR sensor 40 is preferably located adjacent
the tympanic membrane of the subject, at a distance of approximately 2.5 cm. Preferably,
no waveguide is employed.

Figure 3 illustrates a detector head 50 constructed in accordance with an alternative
embodiment of the present invention. The detector head 50 has a general conical shape
with a smaller diameter at the front (distal) end 56 and a larger diameter at the rearward
(proximal) end 58. A conical heat sink 51, preferably made of metal, is positioned within
the detector head 50. A thermopile detector 60 is mounted on the heat sink 51 near the
front end 56.

The thermopile detector 60 is preferably a regular thermopile detector, such as
TPS333, made by Heiman, Germany. The thermopile detector 60 preferably comprises a
base 62 made of stainless steal, a housing 64 also made of stainless steal, a silicon window
66, a thermopile sensor 68, and a thermistor 61. The thermistor 61 and a cold junction 67
of the thermopile sensor 68 are thermally connected to the base. A hot junction 65 is
mounted on a thin membrane such that the thermal conductivity to the cold junction 67 and
the base 62 is made as low as possible. Radiant heat striking the hot junction 65 causes the
thermopile to produce an output signal directly proportional to the incident radiation. The
hot junction temperature is referenced to the cold junction temperature. The cold junction
temperature is preferably measured by the thermistor 61.

A sleeve 75 is mounted to the detector housing 64 or to the heat sink 51 or both.
The sleeve 75 defines an aperture 70 that limits the field of view 78 of the thermopile

sensor 68. The sleeve 75 preferably is made of a metal with a high thermal conductivity,
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such as copper, and preferably has a polished surface coated with gold. The sleeve 75 and

the aperture 70 allow the sensor 68 to receive radiation only from the object to be
measured. The sleeve 75 and the aperture 70 also prevent reflections from the sleeve 75

and radiation emitted from the outer parts of the detector head 50 from reaching the hot -
junction 65 surface. The sleeve 75 is preferably also in contact with the detector housing

64.

A metal heat pipe 54, preferably made of copper coated with nickel or gold, is
mounted around the heat sink 51, the detector 60, and the sleeve 75. The metal heat pipe
54 transfers heat from the front end 56 of the head 50 to the heat sink 51, to the thermistor
61, and to the cold junction 67. Accordingly, the heating of the hot junction 65 results from
infrared radiation as opposed to heat transfer from the ear canal while the head 50 is
inserted into the ear. Furthermore, an air gap 55 between the sleeve 75 and the heat pipe 54
isolates the sleeve 75, the window 66, and the detector housing 64 from heat transfer from
the ear canal. An external layer of foamed plastic material 52, such as foamed
polyurethane, covers the heat pipe 54. The foamed layer 52 has a very low heat
conductivity and therefore isolates the detector head 50 from heat transfer from the ear
canal. The foamed layer 52 also provides a soft touch in the ear canal to prevent irritation
and make the measurement more comfortable.

Figure 4 illustrates plots of the possible output signals of the thermopile detector 60
as a function of time. The output signal of the thermopile detector is proportional to the
temperature difference between the hot junction 65 and the cold junction 67. The hot
junction 65 is heated by the infrared radiation with a short time constant of about 0.2
seconds. The thermal conductivity between the hot junction 65 and the cold junction 67,
the thermal conductivity between the cold junction 67 and the heat sink 51, and the thermal
capacity of the heat sink 51 are preferably selected to produce an output signal that
stabilizes as shown by a curve 81. Another acceptable configuration produces a curve 82
having a relatively flat peak. A slowly increasing signal with a continuous positive slope
as shown by a curve 80 is less desirable.

Figure 5A illustrates a family of plots of the signal from the thermopile detector 60
as a function of the temperature of the object being measured. Each of the family of lines
depicts the relationship between the signal and the measured temperature at a certain

ambient temperature of the cold junction 67. For each ambient temperature, the
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representative line can be described by a bias and a slope as illustrated in Figure SA. The
temperature determining circuitry 14 preferably stores the bias and the slope of each line in
lookup tables. Interpolation can be used to determine the bias and slope for temperatures
between those stored in the lookup tables. For certain thermopile detectors, the family of
lines may be even be degenerated into one line.

Figure 5B illustrates a preferred method that can be used in accordance with the .
present invention to calculate the temperature of an object using the measured temperature
of the cold junction 67 and the signal from the thermopile detector 60. At a first step 102,
the temperature determining circuitry 14 looks up, in the lookup tables, the bias and slope
corresponding to the two temperatures closest to the cold junction temperature. At a step
104, the temperature determining circuitry 14 uses interpolation to determine the bias and
slope of a line corresponding to the cold junction temperature. The line defines the linear
relationship between object temperature and the signal from the thermopile detector 60 at
the cold junction temperature. At a step 106, the temperature determining circuitry 14 uses
the linear relationship defined by the interpolated bias and slope to calculate the object
temperature based upon the measured thermopile detector signal.

Figure 6 illustrates a preferred method for measuring temperature in accordance
with the present invention. At a first step 122, the thermometer is inserted into the ear. At
a next step 124, the temperature determining circuitry 14 waits until the measured
temperature has exceeded a certain threshold, such as 34°C, before proceeding onto a next
step 126. This determination can be made without performing the steps of Figure 5B by
generating an approximate conversion of the signal from the thermopile detector 60 to
temperature. Alternatively, the determination can be based upon an expected approximate
thermopile output at the threshold temperature. At the next step 126, the circuitry 14
imposes a time delay before beginning an ear temperature measurement in order to allow
the user enough time to fully insert the thermometer into the ear canal. At a next step 128,
the temperature determining circuitry 14 begins taking temperature measurements (ie.,
measurements of the output signal from the thermopile detector 60) in a moving
measurement window, such as a span of 0.5 seconds. At a next step 130, the temperature
determining circuitry 14 moves the measurement window in time and calculates an average
temperature (i.e., an average value for the output signal from the thermopile 60) from the

measurements in the measurement window. In one embodiment, the temperature
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determining circuitry 14 may discard peak, high, and/or low readings from the
measurement window in calculating the average value of the thermopile signal. At a next
step 132, the temperature determining circuitry 14 determines whether a steady state value
of the thermopile output signal has been reached. A steady state is preferably reached when
the change in the average value within the moving window is less than a predetermined
amount. If a steady state value has not been reached at the step 132, control is passed back
to the step 130. Otherwise, if a steady state value has been reached at the step 132, the
steady state temperature is calculated and displayed at a last step 134 by performing the
steps in Figure 5B to convert the measured thermopile output signal to temperature.

In an alternative embodiment of the method of Figure 6, the temperature
determining circuitry 14 successively stores, instead of a thermopile output value, a
calculated temperature in the moving time window. The method proceeds as described
above until the calculated average temperature has reached a steady state.

Figure 7 illustrates an embodiment of the detector head 50 adapted for measuring
forehead temperature in accordance with an alternative embodiment of the present
invention. An extension 64 to the outer surface 52 provides for placement of the
thermometer against a subject’s forehead 80. The extension 64 preferably forms an air
pocket 65 to isolate a portion of the forehead 80 from air flow outside of the air pocket. An
ambient room temperature may be determined by measuring, through the thermistor 61, the
temperature of bracket 62. The ambient room temperature may them be taken into account,
using known techniques, preferably using a lookup table, in order to determine the
temperature of the subject based upon the measured temperature of the subject’s forehead.
The embodiment of Figure 7 is preferably stabilized in the room temperature where the
measurement is to take place for at least twenty minutes due to the thermal mass of the
bracket.

An additional embodiment provides a second thermistor with fast response for
measuring ambient room temperature. Corrections can also be added to the lookup table to
account for any immediate change in room temperature. By adding a second thermistor
with a small thermal mass and good thermal contact to the surrounding air, the required
stabilization time may be shortened to less than one minute.

Figure 8 illustrates an alternative embodiment of the detector head 50 configured to

function in conjunction with a variety of ear canal sizes. The detector head 50 generally
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has two main outer diameters. The diameter of the front part 91 is smaller and can be
inserted into the ear canal to fix the thermometer direction. The rear part 92 has a much
larger diameter, which always stops the detector head 50 at the entrance of the ear canal at a
fixed distance from the tympanic membrane. This construction, which keeps the-
thermometer always at a fixed position in the ear canal, solves one of the main causes of
instability in taking temperature measurements from the ear. The front part 91 of the )
detector head 50 is preferably made of foamed soft plastic material, such as foamed
polyurethane, and the rear part 92 is preferably made of a conventional plastic material,
such as, for example, ABS.

Figure 9 illustrates an alternative embodiment of the detector head 50 configured to
provide improved heat transfer. A soft plastic case 53 filled with cooling liquid 57 is
mounted around the heat sink 51, the detector 60, and the sleeve 75. The liquid may be any
liquid with a high thermal capacity, such as water. The liquid transfers heat from the front
end of the detector head 50 to the heat sink 51 and prevents heating of the sleeve 75 by heat
transfer. The pressure of the liquid in the soft plastic case provides a comfortable and soft
touch when inserted into the ear canal.

While certain exemplary preferred embodiments have been described and shown in
the accompanying drawings, it is to be understood that such embodiments are merely
illustrative of and not restrictive on the broad invention. Further, it is to be understood that
this invention shall not be limited to the specific construction and arrangements shown and
described since various modifications or changes may occur to those of ordinary skill in the
art without departing from the spirit and scope of the invention as claimed. It is intended
that the scope of the invention be limited not by this detailed description but by the claims

appended hereto.
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WHAT IS CLAIMED I[S:

1. An ear thermometer comprising:

a detector head housing;

a heat sink disposed in the detector head housing, the heat sink having a
recess formed therein;

a thermopile sensor mounted on the heat sink within the recess, the recess
defining an aperture that limits the field of view of the thermopile sensor;

a thermal sensor; and

temperature determination circuitry configured to calculate a temperature in
response to output of the thermopile sensor and the thermal sensor.

2. The ear thermometer of claim 1, wherein the detector head housing has a
generally tapered configuration, the housing having a front end of relatively small cross
section and having a rearward end of relatively large cross section.

3. The ear thermometer of claim 2, wherein the detector head housing
comprises a flexible outer surface with a hardness equal to or less than Shore 50.

4. The ear thermometer of claim 3, wherein the detector head housing is
constructed from foamed plastic material.

5. The ear thermometer of claim 1, further comprising an infrared transmissive
window mounted in front of the thermopile sensor.

6. The ear thermometer of claim 1, wherein the thermal sensor is a thermistor.

7. The ear thermometer of claim 6, wherein the thermistor is thermally
connected to the thermopile sensor.

8. The ear thermometer of claim 1, wherein the temperature determination
circuitry comprises a lookup table for calculating the output temperature.

9, The ear thermometer of claim 1, wherein the thermopile sensor receives
radiation without the use of a waveguide.

10.  The ear thermometer of claim 1, further comprising a sleeve that fits into the
recess, the sleeve defining a second aperture that further limits the field of view of the
thermopile sensor.

11. Aﬁ ear thermometer comprising:

a detector head housing;
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a heat sink disposed in the detector head housing, the heat sink having a
recess formed therein; ’

a thermopile sensor mounted on the heat sink within the recess, the
thermopile sensor comprising a hot junction and a cold junction, the hot junction
being responsive to infrared radiation, an output signal of the thermopile sensor
being related to a temperature difference between the hot junction and the cold
junction, wherein a thermal capacity of the hot junction, a thermal conductivity
between the hot junction and the cold junction, a thermal capacity of the cold
junction, a thermal conductivity between the cold junction and the heat sink, and a
thermal capacity of the heat sink are selected so that the output signal of the
thermopile sensor stabilizes or has a flat peak during a temperature measurement;

a thermistor mounted in thermal communication with the cold junction; and

temperature determination circuitry that calculates an output temperature in
response to the output signal of the thermopile sensor and an output of the
thermistor.

12. The ear thermometer of claim 11, further comprising an infrared
transmissive window interposed between the thermopile sensor and the front end of the
detector head housing.

13.  The ear thermometer of claim 11, wherein the detector head housing has a
generally tapered configuration, the housing having a front end of relatively small cross
section and having a rearward end of relatively large cross section.

14. The ear thermometer of claim 13, wherein the detector head housing
comprises a flexible outer surface with a hardness equal to or less than Shore 50.

15.  The ear thermometer of claim 14, wherein the detector head housing is
constructed from foamed plastic material.

16.  The ear thermometer of claim 11, wherein the temperature determination
circuitry comprises a lookup table for calculating the output temperature.

17.  The ear thermometer of claim 16, wherein the lookup table defines an output
temperature as a function of the output signal of the thermopile sensor and the output of the
thermistor.

18.  An ear thermometer comprising:

a detector head housing;
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a heat sink disposed in the detector head housing, the heat sink having a
recess formed therein; '

a thermopile sensor mounted on the heat sink within the recess, the
thermopile sensor having a hot junction and a cold junction, the hot junction being:
responsive to infrared radiation, and the output signal of the thermopile sensor being
related to the temperature difference between the hot junction and the cold junction;

a thermistor mounted in thermal communication with the cold junction;

a heat pipe made of a thermally conductive material, the heat pipe
surrounding a portion of the thermopile sensor, whereby the heat pipe prevents heat
transfer from an ear canal to the hot junction; and

temperature determination circuitry configured to calculate a temperature in
response to output of the thermopile sensor and the thermistor.

19.  The ear thermometer of claim 18, wherein the detector head housing has a
generally tapered configuration, the housing having a front end of relatively small cross
section and having a rearward end of relatively large cross section.

20. The ear thermometer of claim 18, further comprising an infrared
transmissive window interposed between the thermopile sensor and the front end of the
detector head housing.

21. The ear thermometer of claim 20, wherein the detector head housing
comprises a flexible outer surface with a hardness equal to or less than Shore 50.

22.  The ear thermometer of claim 21, wherein the detector head housing is
constructed from foamed plastic material.

23.  The ear thermometer of claim 18, wherein the temperature determination
circuitry comprises a lookup table for calculating the output temperature.

24.  The ear thermometer of claim 23, wherein the lookup table defines an output
temperature as a function of the output signal of the thermopile sensor and the output of the
thermistor.

25. A method for determining the temperature of a subject, the method
comprising:

taking successive temperature measurements of the subject using an infrared

thermometer;
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storing a plurality of most recent temperature measurements in a moving
time window;

successively calculating an average of up to all of the plurality of stored
measurements;

calculating the difference between successive averages;

determining whether the difference is less than a predetermined value; and

outputting a calculated average temperature.

26. A method for calculating a subject’s temperature based upon output values
from a thermopile and a thermistor of an infrared thermometer, wherein the thermistor is in
thermal communication with a cold junction of the thermopile, and wherein the hot
junction is in infrared communication with an object to be measured, the method
comprising:

determining the temperature of the cold junction with the thermistor;

looking up a bias and a slope of the thermopile in a lookup table based upon
the temperature of the cold junction;

measuring the output signal of the thermopile; and

calculating a temperature based upon a linear relationship defining
temperature as a function of the output signal of the thermopile in terms of the bias
and the slope.

27.  An infrared thermometer for measuring temperature of a subject’s forehead,
the thermometer comprising:

a detector head having a metal heat sink;

a thermopile sensor mounted on a front end of the heat sink;

a thermistor mounted in thermal communication with a cold junction of the
thermopile sensor; and

an extension on the outer surface of the detector head for placement against
the subject’s forehead, wherein the extension forms an air pocket isolating a portion
of the forehead from air flow outside the air pocket.

28.  An infrared thermometer for measuring temperature on a subject’s forehead,
the thermometer comprising:

a detector head having a metal heat sink;

a thermopile sensor mounted on the front end of the heat sink;
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a first temperature sensor for measuring a cold junction temperature of the
thermopile sensor;

a second temperature sensor for fast measurement of a room ambient
temperature; and

an electronic circuit to calculate the temperature of the subject based in part
upon the input of the second temperature sensor.
29. A detector head housing for an infrared clinical thermometer, the housing

comprising:

a body made of a soft plastic material, the body having an outer surface
configured to make contact with a subject;

a cavity within the body;

a liquid having a high thermal capacity, the liquid filling a portion of the
cavity; and

an infrared sensor within the body the infrared sensor thermally isolated
from heat generated by the subject by the high thermal capacity liquid.
30.  An ear thermometer comprising:

a detector head housing;

a heat sink disposed in the detector head housing, the heat sink having a
recess formed therein;

a thermopile sensor mounted on the heat sink within the recess;

a sleeve that fits into the recess, the sleeve defining an aperture that limits
the field of view of the thermopile sensor;

a thermal sensor thermally connected to the thermopile sensor; and

temperature determination circuitry configured to calculate a temperature in

response to output of the thermopile sensor and the thermal sensor.
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