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DESCRIPTION
INFRARED THERMOMETER
Technical Field |

This invention relaﬁes to an infrgred_yhermometer
for measuring the temperature of a target by sensing
infrared radiation emitted from the target.

Background Art

. One application of an infrared thermometef is to
use it as an infrared clinical thermometer for measuring
the temperature (body temperature) of the human body.
This thermometer generally performs temperature
measurement based upon infrared radiation emitted from
the external ear canal or tympanic membrane, etc., of
the human ear.

An infrared clinical thermometer is equipped with a
probe insertable into the ear orifice, and the probe is
provided within the clinical thermometer body (housing)
so as to protrude to the outside. Provided within the
probe is a waveguide for guiding infrared tadiation,
which is emitted from the tympanic membrane or the like
(biologicél surface tissue), to an infrared sensor
disposed inside the housing. |

One ;mportant problem with an infrared clinical
thermometer is that when the probe is inserted into the
ear orifice, heat is transferred from the ear orifice-
(human body) to the infrared sensor via the probe and
waveguide, as a result of which the output of the

infrared sensor becomes unstable. The adverse influence
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of heat from the surrounding enviromment transferred
from the housing to the infrared sensof also cannot be
ignored.

Ohe technique which éolves this problem is as
described in the specification of Japanese Patent

Publication No. 5-28617 (or USP 4,895,164 or WO

.96/92521). According to the infrared clinical

thermometer disclosed in these references, the larger
portion of the waveguide and the infrared sensor are
embedded in a comparatively large heat conducting block
(isothermic block means) made of metal (an excellent
thermal conducior such as aluminum or copper). -The heat
conducting block (the infrared sensor portion) is
supported inside the housing by a spacer stand, and a.
space between the heat conducting block and housing acts
as an insulative air layer to reduce the migration of
heat from the heat source outside the housing to the
heat conductiﬂg block. It is stated that the waveguide
and infrafed sensor are held in an isothermic state at
ambient temperature by the heat conducting block.
Furthermore, a 1owaemissivitj barrier such as an
aluminum tube is placed around the outer end of the
waveguide, and the barrier is covered by a cover of low
thermal conductivity.

One feature of an infrared clinical thermometer is
short measurement time (e.g., 1 to 5 seconds). Since
the heat conducting block in the foregoing references is

comparatively large, a state of thermal équilibrium
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' (temperature equalization) is not attained in such a

short period of time. As long as heat from the human
body travels to the heat conducting block by being
transmitted along the'waveguide, the temperature of the
infrared sensor also will vary; Thus the instability of
the output from the infrared sensor is a problem that
has not been solved satisfactorily.

‘A technique intended to solve this problem is
illustrated in the specification of International Patent
Laid-Open No. WO 97/24588. According to the infrared
thermometer described in this reference, a heat
conduétive tubular body is provided between a probe and
Ia waveguide in a state thermally insulated thereffom;
and heat from the probé is prevented frém being |
transmitted to the waveguide and infrared sensor. The
provision of the heat conductive tubular body increases
the number of component parts. |

Another problem with infrared thermometers is that
dust or the like penetrates the interior of the
waveguide, resulting in reduced measurement precisiqn.

In order t§ solve tﬁisjproblem, the conventional
practice is to bond silicon glass to the opening at the
tip of the waveguide to close the same. However,
problems encountered with silicon glass are difficulty
in working the glass and the high price thereof. 1In
addition, fabrication cost rises 6wing to the use of a
bonding agent.

A method available is to close the opening at the
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tip of the waveguide by covering it with a resin film

and secure the resin film to the waveguide by a ring

" member. The problems with this method are the labor

required fo: assembly and the fact that the resin film
tears easily when contaminants are wiped off.

An infrared clinical thermometer has a temperature
raﬁge (measurable temperature range) (e.g., 10 ~ 40°C)
within which it ié capable of operating normally. An
error is displayed if an attempt is made to use an
infrared clinical thermometer in an environment where
the temperature is outside this temperature range. A
further problem is inconvenience in that the user cannot
determine why an errdr display is being presented nor
how long it will take before the thermometer can be
used.

Disclosure of the Invention

An 6bject of the present invention'is to make it
possible to measure temperature accurately, with simple
structure, by reducing, to the maximum degree, the
influence exerted upon an infrared sensor by heat
trapsferréd from the outside (a target such as the ear
canal) to a waveguide. _

- Another object of the present invention to provide
a structure that is capable of'alleviatiné the adverse
effects of environmental temperature.

A further object of the present invention is to
effectively prevent dust or the like from penetrating

the interior of a waveguide in an infrared thermometer
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and to implement this in such a manner that assembly is
facilitated.

Still another object of the present invention is to
so arrange it that the length of time needed before
measurement becomes possible is shown clearly wheh an
infrared thermometer in a temperature environment in
wﬂich measurement is impossible is placed in a
temperature environment in which measurement is
possible.

The present-invention provides an infrared
theimometef having an infrared sensor placed inside a
housing and a waveguide for guiding infréred radiation,
which is emitted from a target, to the infrared sensor,
characterized in thaf,the infrared sensor and waveguide
are held in direct or indirect contact with the housing
in a state in which the infrared sensor is thermélly
insulated from the waveguide.

There are various ﬁodes available for supporting
the infrared sensor in a state in which it is thermally
insulated from the waveguide. The waveguide has an

outer end that opposes'the target and an inner end that

opposes the infrared incidence surface (sensor surface)

of the infrared sensor. In one of the above-mentioned
modes, the inner end of the waveguide'is spaced apart
(by provision of é gap) from the infrared incidence
surface of the infrared sensor. An air layer is present
between the inner end of the waveguide and the infrared

sensor, and the air layer has a heat insulative effect.

P e
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The wavegquide and infrared sensor can be held in
the housing by a common heat insulating member or by

separate heat insulating members. Synthetic resin is a

‘typical example of the heat insulating member (a member

of low thermal conductivity). It may be so arranged

that the wavequide is supported by a metal member (a
member having excellent thermal conductivity).

In another mode of supporting the infrared sensor
in a state in which it is thermally insulated from the
waveguide, the infrared sensor is placed inside the
inner end of the waveguide and the infrared sensor is
held spaced away from an inner wall of the waveguide.
In this case also aﬁ insulative air layer is provided
between the waveguide and infrared sensor.

The infrared sensor and the waveguide can be held
in the.ﬁousing by a common heat insulating member -or by
separaté heat insulating-mémbers. The infrared sensor
may be supported by providihg a heat insulator between
the infrared sensor and waveguide.

In yet another mode, the infrared sensor can be
supported on-thé inner end of the wéveguide by a heat
insulating (low thermal conductivity) connecting member.
The infrared incidence surface of the infrared sensor
opposés the inner end of the waveguide. The waveguide
is supported on the housing by a heat insulating member
or metal. |

Fu;ther, sucﬁ a mode is covered by the present

invention in which the infrared sensor is held in a
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state in which it is thermaliy insulated from the
waveguide that the inner end of the waveguide is in
contact with the infrared incidence surface of the
infrared sensor. Preferably, the inner end of the
waveguide'is formed to have notches to reduce the area
of surface contact with the infrared sensor.

Thus, inlaccordance with the present ihvention, the
infrared sensor is held in a state in which it is
thermally insulated from the waveguide (a state in which
there is low thermal transfer). Even if heat is
transferred from the target to the waveguide, therefore,
the £ransfer of heat from the waveguide to.the infrared
sensor is suppresSed. As a result, the infrared sensor
is held in a thermally stable state.

The present invention is.chéracterized in that the
infrared sensor is thermally insulated (spaced away)
from the waveguide; the infrared sensor and waveguide
are not rendered isothermic. In other words, the
present invention is devoid of means corresponding to
the heat conducting block or isoﬁhermic block means of
the kind in the prior art. Furthe:mpre, there is no
heat conductive tubular body pro%ided between the probe_
and the waveguide:in a state thermally insulated
therefrom. The result is a simple structure for the
iﬁfrared_thermometer. |

Holding the infrared sensor by the heat insulating

_ member makes it possible to minimize the effects of heat

transferred from the outside via the housing and other
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members.

In a preferred embodiment, a probe, which is formed
by a heaf insulating member surrounding a part of the
waveguide protruding externally of the housing, is
attached‘to the housing, and a gap is provided at least
between the outer end of the waveguide and the probe.
Even if the probe contacts the target, the transfer of
heat from the target to the waveguide is suppressed
because the waveguide is sﬁaced away from the probe
within the probe (because of the presence of an
insulative air'layer).. |

The present invention further provides a cap which
covers the waveguide or probe of the infrare&
thermometer.

The cap has an infrared-transparent upper bottom
for closing an opening in the outer end of a waveguidé,
and a circumferential wall portion contiguous to the |
upper bottom and in intimate éontact with the periphery
of the waveguide, the upper bottom and circumferential
wall portion being formed as an integral body; In a
preferred embodiment, the cap is made of synthetic
resin.

Because the cap (the waveguide cap or probe cap)
according to the present invention is obtained by
integrally forming the ihfrared-t:ansparent upper bottom
and circumferential wall portion, the waveguide or probe'
need merely be covered by the cap, thereby providing

ease of operability and ease'of assembly superior to



10

15

20

25

-9 -

prior art. The-cap prevents dust from penetrating the
interior of the waveguide or probe.

In an embodiment, the waveguide cap has an
outwardly or inwardly directed flange provided on the
circumferential wall portion. The flange acts to retain.
the waveqguide cap. The probe or waveguide preferably is
provided with a portion_for engaging with the flange.
This enhances the retention effect greatly.

The present invention further provides an infrared
thermometer capable of clearly indicating length of time
until measurement is poséible when the infrared
thermometer located in a temperature énvi;onment in
which measurement is impossible is placed in a
temperature enVironment in which measurement is
possible. ' |

The infrared thermometer includes: dinfrared
measurement means for measuring temperature of a target
based upon an output df_an_infrared sensor; temperature
measurement means for ﬁeasﬁring temperature within the
infrared thermometer; means for determining whether the
temperature measured by the temperature measurement
means lies within a measurable temperature range of the
infrared measurement means; means for estimating waiting
time that would be needed for the temperature measured
by the temperature measurement means to fall within the
measurable temperature range when the determination
means has determined that the measured temperaﬁure does

not lie within the measurable temperature range; and
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means for giving notification of the waiting time that
has been estimated by the estimation means.

In a preferred embodiment, the estimation means
senses a change in temperature at least at two different
times and estimates the waiting time based upon this
temperature change, current temperature and target
(reference) temperature within the measurable
temperature range.

Since the waiting time is reported (displayed), the
usér can ascertain how much time.must pass before the
infrared thermometer can be used.

Brief Description of the Drawings

Figs. 1 and 2 are side views, partially cut away,
illustrating respective halves of the overall structure
of an infrared clinical thermometer;

Fig. 3 is a sectional view illﬁstrating; in
enlarged form, a probe, waveguidé and waveguidé cap
shown in Fig. 1;

Figs. 4 and 5 illustrate the waveguide cap in
enlarged form, in which Fig. 4 is a sectional view and
Fig. 5 a plan view;

Figs. 6 to 9, each of which illustrates a
modification, are partially'enlargéd sectionél views of
the infrared thermometer;

Figs. 10a and 10b are perspective views
illustrating modifications of the inner end of.the
waveguide;

Figs. 11 to 13, which illustrate other

R R T C R RS T T
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modifications, are partially enlarged sectional views of
the infrared clinical thermometer; |

Fig. 14 is a sectional view illustrating a probe
cap;

Figs. 15, 16 and Figs. 17a to 17c are perspective
views each illustrating a modification of the waveguide
cap; and |

Figs. 18 to 20 illustrate another embodiment, in
which Fig. 18 is a sectional view of an infrared sensor,
Fig. 19 a block diagram illustrating the electronic
circuitry of the infrared clinical thermometer, and Fig.
20 a flowchart illustrating the propedure of processing
executed by a CPU.

Best Mode for Carrying Out the Invention

Figs. 1 and 2 illustrate'the entirety of an
infrared clinical thermometer in considerable
enlargement.

The infrared clinical thermometer has a housing 10
the overall shape of which is that of an approximately
circular or oblate cylinder for easy'handling. The tip
end (thé portion, shown on the left side in Fig. 1, in
which an inffared senspr,_described late:, is placed) is
slightly curved; the housing being larger nearer the tip
end (the front end) and slender nearer the terminal end
(rear end) (shown on the right side in Fig. 2). The
housing 10 is.made of a synthetic resin (e.g., ABS:
acrylonitrile-butadiene-styrene plastic).

Disposed within the housing 10 is a printed circuit
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board 11 on which a temperature measurement circuit

- (inclusive of a microprocessor), a display control

cirodit and other electronic circuits are assembled.

The upper face (or front side) of the housing 10 at
the tip thereof is formed to have a hole 13 confronted
from its inner side.by a switch operating button 12.

The button 12 has an outwardly protruding curved
surface. An attaching piece 1l2a extends from the button
12 and.has an end that is fixed by being embraced

between two projections 1l0a and 10b provided on the

-inner surface of the housing 10. The button 12 is

molded in resin (e.g., ABS résin) as an integral part of
the attaching piece 12a. The latter possesses
elasticity.

The inner surface of the button 12 is provided with
an operating projection 12b. If the button 12 is pushed

into the housing 10 from the outside, the operating

projection 12b strikes an actuator of a switch 14

provided on the board 11. Pressing the button once
introducés power to the above—méntioned temberature
measurement circuit and pressing it a second time starts
measurement of body temperature.

The upper face (front side) of the housing 10 at.
the approximate central portion thereof is formed to
have a hole 15. A liquid crystal display (1LCD) device
71 is placed on the board 11 at a position corresponding
to the hole 15. More specifically, the LCD device 71 is

accommodated together with a lower spacer 74 in an LCD
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case 72, and the case 72 is secured to the board 11.
The LCD device 71 is connected to a wiring.pattern on
the board 11 by a rubber connector 75. An LCD.cover.73
consisting of transparent resin is provided on the LCD
case 72. The LCD device 71 displays the measured body
temperature and other information, and the user can see
this information through the LCD co&er 73 by way of the
hole 15 in the housing 10. |

A battery port is provided in the lower face (back
side) of the housing 10 at the terminal end thereof. A
battery cover 16 is removably attached to the housing by
being screwed into the battery port.

An infrared sensor 20, waveguide 30, probe 40 and
wavegﬁide cap 50 are provided in the tip of the housing
10. The waveguide 30, probe 40 and waveguide cap 50 in
particular aré shown in.enlarged form in Fig. 3.

The infrared sensor 20 includes a metal case 24 in
the interior of which an infrared sensing elément 21 is

provided. The front side of the case 24 has a window

. and infrared-transparent silicon glass 25 is provided so

as to close the window (see Fig. 18 for more details).
The waveguide 30 is cylindrical and made of a metal

such as copper and both ends 30a, 30b of the waveguide

~are open. The open end 30a remote from the infrared

sensor 20 shall be referred to as the outer end (or
distal end), and the open end 30b close to the infrared
sensor 20 shall be referred to as the inner end (or

terminal end).
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The probe 40, which is made of synthetic resin, has
a gently curving conical shape the tip of which has been
cut away, and the base end of the probe is formed to
have a mounting flange 43. The flange 43 is formed to
have screw holés 45. The tip of the probe 40 is formed
to have two step portions 41, 42 on its‘innef surface,
and a small annular protrusion 44 for fixing a probe
éover 47 is formed in the vicinity of the base end of
the probe.

The infrared sensor 20 is held in a sensor holder
28. More specificallYi.the sensor holder 28, which is
made of sYnthetic resin (e.g., ABS resin), has the shape
of a bottomed cylinder the bottom which is provided with
a hole 28A. The infrared-sensor 20 1is fitted'snugly
inside the hole 28A. A board 17 is secured to the

holder 28. The infrared sensor 20 has leads 26

connected to a wiring pattern on the board 17. A flange

28B is formed as an integral part of the sensor holder
28 on the outer circumferential surface thereof in the
vicinity of an open end 28C. If necessary, a
temperature senﬁing element (see numerai 22 in Fig. 18)
is provided inside the infrared sensor 20 or a
temperature sensor is provided in the proximity 6f'the
infrared sensor 20.

The waveguide 30 is held by two waveguide holders
31, 32. The waveguide holders 31, 32 also are made of
synthetic resin (e.g., ABS resin) and are approximately

chindrical. The holes in the holders 31, 32 have a
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uniform diameter (with the exception of recesses 31D,
32D) and receive the waveguide 30 inserted snugly

therein. The outer circumferential surfaces of the

holders 31, 32 are such that the outer diameter differs

in three stages. Portions 317, 32A of smallest outer
diameter are longest and portions 31B, -32B of'largest

outer diameter protrude in flange-like fashion. The

' recesses 31D, 32D are formed in the inner

circumferential surfaces of the portions 31B, 32B.
The waveguide 30 is fitted into the hole of holder

31. When this is done the outer circuﬁferential surface
of the waveguide 30 and the inner circumferential
surface of the hole in holder 31 are secured to each
other by a bonding agent. Superfluous bonding agent is
forced into the recess 31D. This is followed by
inserting the waveguide 30 into the holé of holder 32.
The holders 31 and 32 abut against each other at their
large;diameteruportions 31B, 32B.

| The waveguide holder 32 is insérted into the sensor
holder 28. The distal end 28C of sensor holder 28 abuts
against a sfep 32C formed by the large-diameter portion
32B. The sensor holder 28 is inserted into a hole 10A
formed in the tip of the'housing 10, and the flange 28B
of the sensor holder contacté the outer circumferential
surface of the hole 10A. The distal ends of the
waveguide holder 31 and waveguide 30 are inserted into

the probe 40 and the small-diameter portion 31A of the

- holder 31 abuts against the step 42 on the inner surface
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of the probe 40. The flange 43 of the probe 40 is
secured to the housing 10 by screws 46. As a result,
the probe 40, waveguide holders 31, 32 (and therefore
the waveguide 30) and sensor holder 28 (and therefore
the infrared sensor 20) are secured snuglj in the tip of
the housing 10.

The infrared sensor 20 and approximétely half the
waveguide 30 are situated inside the housing 10, and the
probe 40 and approximately half the waveguide 30 are
protrude externally of the housing 10.

The outer.end (distal end) 30& of the waveguide 30
is situated_at approximately the same ﬁositidn as that
of the tip of probe 40 or at a position somewhat inward
from the tip of prpbe 40. A gap (air layer) 33 exists 2
between the distal end of the Qaveguide 30 and tﬁe probe
40, there being no contact between the outer end 30a of
wa&eguide 30 and the probe 40. |

Further, the inner end (terminal.end) 30b of
waveguide 30 opposes the seﬁsof.face (the infrared
incidence window, i.e., the silicon glass 25) of the
infrared sensof 20. The innér end 30b of wavegquide 30
and the infrared sensdr 20 are not in contact, a gap
(air layér) 34 residing between them. It goes without
saying that the central axis of waveguide 30 and the
central axis of infraréd sensor 20_coincide.

When body temperature is measured by this infrared
clinical thermometef, the tip of the probe 40 is -

inserted into the ear orifice (the external ear canal).



10

15

20

25

- 17 -

 The probe 40 inevitably comes into contact with the ear

orifice. Since body temperature generally will be
higher than the temperature of the probe 40, heat will
travel to the probe 40.

‘The probe 40, waveguide holders 31, 32 and sensor
holder 28 are made of synthetic resin. Since synthetic
resin has a much lower thermal conductivity than metal
(i.e., cénstitutes a member of low thermal
conductivity), it may be referred to as a heat
insulating member (in this specification, the terms
"low-conductivity'member“ and "heat insulating member“‘
are synonymous). The gap (air layer 33) is present
between the inner surface of probe 40 at the tip thereof
and the outer end 30a of waveguide 30, and the air layer
33 also possesses a heat insulative effect. As a
result, the structure is such that heat transferred to
the tip of probe 40 is not readily transferred to the
waveguide_30.7 Heat is not readily transferred from the
tip of-probe 40 to the waveguidé"30 via the holders 31,
32, and heat is not readily transferred to the infrared
sensor 20 via fhé sensor holder 28.

Even if a small amount of heat frém the ear orifice
is transmitted to the outer end 30a of waveguide 30, the
gap (air layer) 34 is present between the inner end 30b
of-waveguide 30 and the infrared sensor 20, whereby the
two are thermally insuléted from each other.
Accordingly, almost no heat is transferred to the

infrared sensor 30.
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Thus, when body temperature is measured, almost no
body heat is transferred to the infrared sensor 30 and
the infrared sensor 30 receives almost no adverse
influence from the heat given.off by the target. Since
the infrared sensor 30 is held by the sensor holder 28
made of synthetic resin (a heat insulatipg member), the
sehsor is almost entirely unaffected by heat from the
surrounding environment. |

Infrared radiation that emanates from the ear

orifice (tympanic membrane) is introduced to the

- infrared sensor 20 through the intérior of the waveguide

30 so.that a correct temperature measurement is carried
out. If necesséry, the measured temperature is
corrected based upoﬁ an output from the temperature
sensor (temperature sensing element). The.final
measured temperature is displayed on the LCD device 71.

The sensor holders 31, 32 may be made of ‘a metal
such as aluminum. In such case the sensor holder is not
split into the two members -indicated by numerals 31, 32
but'may be obtained by integrating the two portions 31,
32. The recessés 31D, 32D are unnecessarf. .Heat that
has travelléd from the ear orifice or the like to the
waveguide 30 is absorbed by the metallic sensor holder
and therefore almost no heat is transferred to the
infrared sensor 20.

The probe cover 47 is cqnstituted by a ring 48 made
of'synthetic resin, and a bag or sheath 49, which

consists of vinyl or other thin synthetic resin sheet,
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attached to the ring 48. The probe cover 47, which is
for preventing the transmission of diseése, is exchanged
for a new cover én a. per-user basis. In other words,
the probe cover is diSposable.. The ring 48 is fitted
over the annular protrusion 44 provided on the base of
the probe 40, whereby the probe cover 47 is attached to
the probe 40. |

A switch 60 is provided for sensing that the probe
cover 47 has been attached. The switch 60 includes a
movable shaft 61,Iand the shaft 61 has two ends 61A and
61B. The end 61A is slender and passes slidably through
a hole 45A (which penetrates the screw hole 45) formed
in the flange 43 of probe 46. The end 61B éasses
slidably through a hole provided in the board 17 and has
a contact 63 éttached to its distal end. The shaft 61
is urged outwardly at all times by a spring 62 so that
the end 61A projects outwardly from the flange 43 at the
base of probe 40. The contact 63 is in contact with a
wiring pattern 64 on the board 17 (turning.on the
switch).

If the probe cover 47 is placed on the probe 40,
the protruding end 61A of shaft 60 is pushed against the
force of spring 62 by the ring 48. .As a result, the
contact 63 pafts from the wiring pattern 64 (turning off
the switch), whereby the fact that the probe cover 47

has been attached is sensed. Sensing of the attaching

of probe cover 47 may be adopted as a condition to start

- measurement of body temperature, and an arrangement may
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be adopted in which this event is indicated by an
indicator or by the LCD device 71. |

A front cap 19, which covers the probe 40, is
removabiy attached to the annular protrusion of the
flange 43 on the base of probe 40; The front cap 19
also is made of synthetic resin and is placed on the
probe 40 when this infrared clinical thermometer is not
used. |

The details of the waveguide cap (cover) 50 are
shown in Figs. 4 and 5. The waveguide.cap 50 is
obtaiqed bj integrally forming, from a synthetic resin
such as polyethylene, polypropylene, an upper bottom 51
through which infrared radiation is allowed to pass, a
circumferential wall portion 52 contiguous to the
periphery of the upper bottom 51, and a flange 53
protruding outwardly from the distal end of the
circumferential wall portion 52. The diameter of the
circumferential wall portion 52 increases in small
increments as the flange 53 is approached. The
thickness of ihe upper bottom 51 is on the order of 10
to 60 pm, and the thickness of the circumferential wall

portion 52 and flange 53 is on the order of 200 to 400

m.

With reference to Fig. 3, the outer end 30a of
waveguide 30 has its outer circumferentiai surface cut
away slightly to feduce the wall thicknéss. The length
of the portion of reduced wall thickness is

approximately equél to the depth of the cap 50. The
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reduced-thickness portion of the outer end 30a of
waveguide 30 is covered by the cap 50. As a result,
dust or the like is prevented from penetrating the

interior of the waveguide 30 as when the probe cover 47

-is replaced.

The inner diameter of the smallest diameter portion
of the circumferential wall portion 52 of waveguide cap
50 should bé equai to or somewhat smaller than the outer
diameter of the'outer end 30a of waveguide 30. As a
result, the cap 50 is in intimate contact with the outer
circumferential surface of the outer end 30a of
waveguide 30.

The waveguide cap 50 is placed on the waveguide 30
before the waveguide 30 is inserted into the probe 40
together with the holder 31. When the waveguide 30 is
inserted into the probe 40, the flange 53 of thelcap'SO
abuﬁs against the step 41 on the inner surface of the
probe 40. This prevents the cap 50 from falling off.

The cap 50 that has been placed on the waveguide 30
cdntacts the prdbe 40 at the flange 53. However, since
the cap 50 also is made of synthetic resin, migration of
heat from the probe 40 to the waveguide 30 is slight.

An arrangement may be adopted in which, rather than
providing the probe 40 with the step portion (retaining
protrusion) 41, the flange 53 of the cap 50 is made to
contact the inner surface of the probe 40 with |
appropriate force, and it may be arranged so that the

inner surface of the probe 40 is formed to have an



10

15

20

25

- 22 -

annular groove and so that the flange 53 of cap 50 is
fitted into this annular grooﬁe. An arrangement may
also be adopted in which the end of the circumferential
wall portion 52 is provided on its inner circumferential
surface with an inwardly projecting annular protrusion,
and the outer circumferential surface of the outer end
30a of wéveguide 30 is formed to have én annular groove
in which the above-mentioned annular protrusion is

fitted. Of course, the flange 53 need not be provided

- and the probe 40 need not be formed to have the step

(retaining protrusion) 41. The circumferential wall
portion 52 may be formed to have the same diameter at
all points. The cross section of the circumferential
wall portion 52, rather than being circular, may be
polygonal, such as hexagonal or octagonal. In such case
the diameter of a circle internally tangent to the
circumferential wall portion of the polygonal cylinder
would be made approximately equal to or slightly smaller
than the outer diameter of the outer end 30a of
waveguide 30.

Thus, the waveguide_cap 50 is obtained by
integraily molding the infrared-transparent upper bottom
51 and circumferential wall portion 52. As a result,

the Cap 50 need merely be placed on the waveguide and

_therefore ease of assembly is improved over the prior

art, which relies upon by the bonding of silicon glass
or the fixing of a resin film by means of a ring member.

If the cap 50 is furnished with sufficient strength, it
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will not reédily be torn by wiping off contaminants from
the infrared-transparent upper bottom.

Fig. 6 illustrates a modification. Here the
structures of each of the members are illustrated in
somewhat simplified form, and the waveguide cap, probe
cover and front cap, etc., are not shown. Components
identical to those shown in figs. 1 to 5 are designated
by like feference characters and need not be described
again. This applies to all of the modifications set
forth beiow.

. The inner end 30b of the waveguide 30 is supported
by being inserted into a hole in a waveguide holder 36
made of synthetic resin. The infrared sénsor 20 also is
held by being fitted into the hole inside the holder 36.
Furthermore, the holder 36 is supported by being
inserted into a hole in a support block_35'made of a
metal such as aluminum. The support block 35 is
attached to the housing 10 by screws 46A.' The probe 40
is attached to the support block 35.

The inner end 30b of the waveguide 30 and the
infrared sensor 20 are not in contact with each other
(owing to the presence of the insulative air layer 34).
Since the waveguide 30 and the infrared sensor 20 are
supported by the synthetic resin holder 36, which has a
low thermal conductivity, these are supported in a state
in which they are thermally insulated from each other.
The outer end 30a of the waveguide 30 is.not in contact

with the probe 40. An air layer 37 exists between these
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components. That is, the air layer 37 and holder 36 are
present between the waveguide 30 and the probe 40, so
the waveguide 30 can be said to have been placed in a
thermally insulated state.

In Fig. 7, a connecting member 38 having two
cylindrical portions of different diameters is attached
to the waveguide holder 36, and the infrared sensor 20
is held in the large-diameter portion of the connecting
member 38. The inner end 30b'qf the waveguide 30 and
the infrared sensor 20 are separated from each other
(the insﬁlative air laYer 34 resides between them), so
that the infrared sensor 20 is thermally insulated from
the waveguide 30.

A comparison of Fig. 8 with the structure shown in
Fig. 6 shows that the ihner end 30b of the waveguide 30
is in contact.with the infrared sensor 20. Since the

end face of the inner end 30b of waveguide 30 has a

‘small surface area, the conduction of heat is not large

regardless of the aforesaid contact._ This mode also
falls within-the.cqncept of thermally insulating the
infrared sensor 20 from the waveguide 30;

A comparison of Fig. 9 with the structure shown in
Fié. 7 shows that the inner end 30b of the waveguide 30
is in contac£ with the infrared sensor 20. This mode
also falls within the cbnéept of thermally insulating
the infrared sensor 20 from the waveguide 30.

Figs. 10a and 10b show modifications in which the

inner end 30b is formed to have rectangular notches 30c
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or triangular notches 30d in order to_reduce; to the
maximum degree possible, the area of contact between the
inner end 30b of waveguide 30 and the infrared sensor 20
(i.e., in order to enhance the insulative effect to the
maximum degree possible even though the waveguide 30 is
in contact with the infrared sensor 20). The notches
may be of any shape, such as semicircular. |

In the infrared clinical thermometer shown in Fig.
11, the infrared sensor 20 is placed inside the inner
end 30b of waveguide 30, which is supported in the
holder 36, in spaCed'relation with'respect to the inner
surface of the waveguide 30 (owing to provision of a gap
or air layer 34A). . The infrared sensor 20.is attached
tola-board 17A secured to the holder 36.

In Fig. 12, the infrared sensor 20 is supported

~ inside the waveguide 30 via a heat insulator 39 such as

Styrofoam. The infrared sensor 20 is thermally
insulated from the waveguide 30 in this.mode as well.

Fig. 13 illustrates a tapered waveguide 30A, which
becomes successively moré slender in the direction of
the outer end 30A, in the arrangement of Fig. 11. The
insulative air layer 34'resides between the inner end
30b of the waveguide 30A and the infrared sensor 20.

Figs. 14 to 17c illustrate modifications of the
waveguide cap.

. Fig. 14 illustrates a mode in which a cap (probe

‘cab) 54 has been placed on the tip of thé probe 40 and

not on the waveguide 30.. The cap 54 also is obtained by
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integrally forming an infrared-transparent upper bottom
and a circumferential wall, which extend from the upper
bottom, from a synthetic resin.

A waveguide cap 50A shown in Fig. 15 is obtained by
formihg notches 53a in a flange 53. Here the area of
the flange 53 that conﬁacts the innef surface'of the
probe 40 is redﬁced to diminish the amount of heat
transmitted from the probe 40 to the waveguide 30 via
the flange 53 (i.e., to lessen the conduction of heat).

In Fig. 16, the cap 50B instead of the flange 53 is

' provided with several radiating projections 53b spaced

apart from one another.

A cap 50C shown in Fig. 17a has a number of
circular holes 52a formed in the circumferential wall
portion 52. 1In Fig. 17b, the circumferential wall
portion 52 is formed to have a number of slits 52b.

Fig. 17c illustrates a cap 50E having a mesh-like
circumferential wall portion 52A. Thus, by providing
the circumferential wall portion of the cap with holes
or slits or by using a mesh to form the circumferential
wall portidn, the area of contact.with air is increased
to enhance the heat radiating effect.

Figs. 18 to 20 illustrate an embodiment relating to
an infrared clinical thermometer that is capable of
clearly indicating how much time must pass before a
state in which measurement can actually be performed is
attained when the infrared clinical thermometer, located

in an environment where temperature is outside a
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temperature range for normal operation (2 measurable
temperature range), is moved to an environment where the
temperature is within the measurable temperature range.

The structure of the infrared clinical thermometer
may be any of those of the embodiments illustrated
earlier or may be the structure according to the prior
art. |

- The infrared clinical thermometer accofding to this

embodiment is equipped with a temperature sensor.
Though placing the temperatuﬁé sensor in close proximity
to the infrared sensor is adequate, the temperature
sensing element may be provided within the infrared
sensor, as depicted in Fig. '18.

In the infrared sensor 20 shoﬁn-in Fig. 18, the
infrared sensing element 21 is placed at the center of a

circuit board 23, and a temperature sensing element 22

'is placed close to the element 21. The elements 21, 22

are covered by'a metal cap\24 mounted on the board 23.
A window 24a on the front side of the cap 24 is provided
with silicon glass 25. _

| Fig. 19 illustrates the eleétrical circuitry of the
infrared clinical thermometer. Voltage outputs (a
reference voltage and signal voltage), which correspond
to detected infrared radiation, from the infrared
sensing element (infrared sensor) 21 are amplified by an
amplifier 85, and the amplified voltages are converted |
to digital signals by an A/D converter 84. The digital

signals are applied to a CPU 80. Likewise, an output
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from the temperature sensing element (temperature
sensor) also is converted to a digital signal by the A/D
converter 84 and the digital signal is input to the CPU
80. When a power switch 81 is turned on and then a
measurement start switch 82 is turned on, the CfU 80
executes'body-temper#ture measurement processing based
upon the output of the infrared sensing element 21,
corrects the measured body temperature in aécordance
with the output of the temperature sensing element 22 as
necessary and causes a display unit 83 to display the
measured body temperature that has finally been decided.
Further, when the power switch 81 is turned on, the CPU
80 executes processing, described later, based upon the
output of thg temperature sensing element 22 and causes
the display unit 83 to display waiting time.

Fig. 20 illustrates the processing executed bylthe
CPU 80, in which processing the CPU determines whether
measurement of body temperature is possible or not when
the power switch 81 has been turned on, and, if

measurement is not possible, estimates and displays how

much waiting time is necessary before body-temperature

measurement becomes possible.

Let TH and TL represent upper- and lower-limit
temperatures, respectively, of a temperafure_range
(measurable temperature range) in which measurement of
body temperature is possible (e.g., TH = 40°C, TL =
10°C).

If the power switch 81 is turned on, the CPU reads
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in the output of the temperature sensing element 22 at

this time and measures a temperature Tal (step 91). If

the measured temperature Tal lies within the measurable

temperature range (TLsTal<TH) ("NO" at steps 92 and 93),
meaéurement of body temperature is possible. The CPU
therefore causes the display unit 83 to display the fact
that measurement is possible (step 94) and advances
control to body-temperature measurement processing upon
waiting for an input from the measurement start switch
82.

If the measured temperature Tal is outside'the
measurable temperature range ("YES" at step 92 or 93), .
then, upon elapse of a predetermined length of time, the
CPU reads in the output of the temperature sensing
element 22 again and measures a temperature Ta2 at this
time (step 95).

If the temperature enviromment of the infrared
clinical thermometer has changed (e.g., as when the
infrared clinical thermometer is brought from a coid
room in which the clinical thermometer is stored to a
warm room in which body temperature is measured), then
the temperature within the clinical thermometer, i.e.,
the output of the temperature sensing element 22, also
changes accordingly. The CPU calculates this amount of
change in temperature in accordance with
ATa = |Tal-Ta2|/tl (steps 95, 96). Here time tl is
elapsed time from the time at which temperature Tal was

measured to the time at which temperéture Ta2 was
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measured. The time_tl.may be a fixed length'of time
determined in advance, or the passage of time from the
processing of step 91 to the processing of step 95 may
be adopted.

If the p;esent temperature (Tal or Ta2) and the
amount of change ATa in temperature are known, then the
CPU can estimate a time Tw necessary for temperature to
fall within the measurable temperature range. Let the
functioﬁ for this estimation be expressed by f(Tal,ATa).

The function f£(Tal,ATa) is expressed as a linear
approximation, by way of example. That is, if we assume
that the change in temperature is linearly related to
passage of time, then the function £ can be expresséd is
simplest form.: |

If time needed for the present temperature Tal,
which is below the lower-limit temperature TL, to rise
and attain the lower-limit temperature TL is waiting
time Tw, then Tw is given by the following equation:

Tw = £(Tal,ATa) = k(TL-'Ta_l)ATa
where k represents'a constant, for which a value of 1.0
or greater is generally used. |

| If time needed for the present temperature Tal,
which is above the upper-limit temperature TH, to fall
to the upper-iimit temperature TH is the waiting timg
Tw, then Tw is given by the following equatioh:
Tw = f(Tal,ATa) = k(Tal-TH)ATa
A temperature TM [é (TL+TH) /2] midway between thesé

temperatures TL, TH may be used instead of TL, TH in the
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above equations.

The waiting time Tw can be estimated utilizing the
reference voltage output of the infrared sensing element
instead of the output of ﬁhe temperature éensing
element.

When the waiting time Tw is calculated (step 98),
the calculated time Tw is displayed on the display unit
83 (step 99). |

Thus, the user can ascertain approximately how much
time will be required before the infrared clinical

thermometer can be used.
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WHAT IS CLAIMED IS:
1. An infrared thermometer having an infrared sensor

placed inside a housing, and a waveguide for guiding

infrared radiation, which is emitted from a target, to

said infrared sensor, characterized in that:
" said infrared sensor and said waveguide are held in
a state in which said infrared sensor is thermally

insulated from said waveguide.

- 2. An infrared thermometer -according to claim 1,

wherein said waveguide has an outer end that opposes the
target and an inner end that opposes an infrared
incidence surface of said infrared sensof, and a gap
exists between said inner end and said infrared
incidence surfaee. |

3. An infrared thermometer according to claim 2,
wherein said waveguide and said infrared sensor are

eupported by a common heat insulating member or by

- separate heat insulating members.

4. An infrared thermometer according to claim 2,

wherein said waveguide iS'sﬁpported by a metal member

and said infrared sensor is supported by a heat

-insulating member.

5. An infrared thermometer'according to claim 1,
wherein said.waveguide has an outer end opposihg the
target and an inner end on a side opposite the outer
end, and_said.infrared sensor is placed inside said
waveguide in the vicinity of said inﬁer end with a gap

interposing between said infrared sensor and said
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waveguide.

6. An infrared thermometer according to claim 5,
wherein said waveguide and said infrared sensor are
supported by a common heat insulating member or by
separate heat insulating mémbers.

.7; An infrared thermometer according to claim 5,
wherein said infrared sensor is suéported inside said
waveguide via a heat insulator. |

8. An infrared thermometer accofding to claim 1,
wherein said waveguide has an outer end opposing the
target and an inner end opposing an infrared incidence
sufface of said infrared'sensor, said infrared sensor is
supported on the inner end of said waveguide by a heat
insulating connecting member, and the infrared incidence
surface of said infrared sensor opposes the inner end of
said waveguide.

9. An infrared thermometer according to claim 1,
wherein said waveguide has an outer end opposing the
target and an inner end opposing an infrared incidence
surface of said infrared sensor, the inner end of said
waveguide is in contact with said infrared sensor-and
notches are formed in the inner end of said waveguide.
10. An infrared thermometer according to any one of
glaims 1 to 9, wherein a ﬁrobe, which is formed by a
heat insulating member surrounding a part of said
waveguidelprotruding externally of the housing, is
attached to the housing, and a gap is provided at least

between the outer end of the waveguide and said probe.
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11. Ah infrared thermometer according to any one of_
claims 1 to 10, further comprising a'waveguide cap for
removably covering the outer end of said waveguide;

said waQeguide cap having an infrared-transparent
upper bottom for closing an opening in the outer end of
said waveguide, and a circumferential wall portion
contiguous to the upper bottom and in intimate contact
with the periphery of said waveguide, séid upper bottom
and said circumferential wall portion being formed as an
integral body.
12. An infrared thermometer according to claim 11,
wherein said wavéguide cap has an outwardly or inwardly
directed flange provided on the circumferential wall
portion.
13. An infrared thermometer according to claim 10,'
further comprising a waveqguide cap for removably
covering the outer end of said waveguide;

said waveguide cap having an infrared-transparent
upper bottom for closing an opening in the outer end of
said waveguide, a circumferential wall portion
contiguous to the upper bottom and in intimate contact
with the periphery of said waveguide, and a flange
dirécted outwardly from an end of the circumferential
wall portion, said upper bottom, said circumferential
wall poftion and said flange being formed as an integral
body. |
14. An infraredlthermometer according to claim 13,

wherein said probe has a protrusion on an inner
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circumferential surface thereof fof engaging the flaage
of said waveguide cap. |
15. 2n infrared thermometer according to claim 10,
further comprising a probe cap for removably covering
the outer end of said probe;

said probe cap having an infrared-transparent upper
bottom for closing an oéening in an outer end of said
probe, and a circumferential wall portion contiguous to
the upper bottom and in intimate contact with the
periphery of said probe, said upper bottom and said
circumferential ﬁall portion being formed as an integral
body.
16. A waveguide cap for removably covering an external
end of a waveguide that guides-infrared radiation, which
is emitted from a target, to an infrared sensor inside
an infraréd thermometer, said waveguide cap having:'

an infrared-transpareﬁt upper bottom for closing an
opening in the outer end of said waveguide, and a
circumferential wall portion contiguous to the upper
bottom and in intimate contact with the periphery of
said waveguide, said upper- bottom and said
circumferential wall portion being formed as an integral
body. |
17. A waveguide cap according to claim 16, wherein said
waveguide cap is madé of synthetic resin.
18. A waveguide cap according to claim 16 or 17,
wherein said waveguide cap has an outwardly or inwardly

directed flange provided on the circumferential wall
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portion.
19. A waveguide cap according to claim 18, wherein said
flange is formed to have notches.
20. A waveguide cap according to any one of claims 16
to 19, wherein the circumferential wall portion of said
waveguide cap is formed to have holes or slits or is
constituted by a mesh.
21. An infrared thermometer according to any one of
claims 1 to 15, further comprising:

infrared measuiement means fér measuring
temperature of a target based upon an output of an
infrared sensor; |

| temperature measurement méans for measuring

temperature within the infrared thermométer;

means for determining whether the temperature
measured by.said temperature measurement means lies’
within a measurable temperature range of said infrared
measurement means;

means for estimating waiting time that would be

needed for the temperature measured by said temperature

measurement means to fall within the measurable

temperature range when said determination means has

determined that the measured temperature does not lie
within the measurable temperature range; and

| means fqr giving notification of the waiting time
that has been estimated by.said estimation meahs.
22. An infrared thermometer comprising:

infrared measurement means for medsuring
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temperature of a target based upon an output of.an
infrared sensor;

' temperature measuremént meané for measuring
temperature within the infrared thermometer; |

means for determining whether the temperature
measured by said temperature measurement means lies
within a measurable temperéture—range of said infrared
measurement means;

means for estimating waiting time that would be
needed for the temperature measured by said temperature.
measurement means to fall within the measurable
temperature range when said determinétion means has
determined that the measured temperature does not lie
within the measurable temperéture range; and

means for giving notification.of the waiting time
that has been estimated by said estimation means.
23. An infrared thermometer according to claim 22,
wherein said estimation means estimates waiting time
based upon temperatures measured by said temperature
measurement means at least ét two different times, and

length of time between said two times.



