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SPECI FI CATI ON ' A radiation clinical thernoneter ‘ TECHNI CAL
FI ELD OF THE | NVENTI ON The present invention relates to a radiation

clinical

t her nonet er which detects thernal radiati on energy to neasure
tenperature w thout contact. RELATED ARTS To measure body tenperature
in a short period of tinme, a radiation clinical thernmoneter which allows

the one to choose the eardrumf or neasuring the tenperature thereof

Wi t hout

contacting the same has been suggested. For exanple, the

present applicant proposed the radiation clinical thernmonmeter shownin

Figs. 10 and 11 in Japanese Patent | | . Hei-7-294117. Fig. 10
Is a front elevation view show ng t%#%%f%éﬁ;%ﬁlgl I ni cal thernoneter

proposed in Japanese Pategt AaRLGh ¥ 1M cdt®linbrimitbtbr

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a radiation clinical

thermometer which detects thermal radiation energy to measure

_ temperature without contact.

RELATED ARTS

To measure body temperature in a short period of time, a
radiation clinical thermometer which allows the one to choose
the eardrum for measuring the temperature thereof without
contacting the same has been suggested.

For example, the present applicant proposed the radiation
clinical thermometer shown in Figs. 10 and 11 in Japanese Patent
Application No. Hei-7-294117. Fig.10 is a front elevation view
showing the radiation <c<¢linical thermometer proposed in
Japanese Patent Application No. Hei-7-294117.

The radiation clinical thermometer 1 is a clinical
thermometer designed to measure the temperature of the eardrum
comprising a main body 4 and a probe 2. The main body 4 is
provided with a liquid crystal display element 6 for displaying
the body temperature and a measurement switch 5 of a push but_toﬁ
structure.

The radiation clinical thermometer 1 operates as follows.

First, the measurement switch 5 is pressed to turn on the power

for starting temperature measurement. Subsequently, the probe

&



The radiation clinical thernmoneter 1 is a clinical thernonmeter designed to
measure the tenperature of the eardrum conprising a main body 4 and a
probe 2. The main body 4 is provided with a liquid crystal display el enent
6 for displaying the body tenperature and a neasurenent switch 5 of a push
button structure. The radiation clinical thernoneter 1 operates as
follows. First, the nmeasurenent swtch 5 is pressed to turn on the power
for starting tenperature nmeasurenent. Subsequently, the probe

2 2 is inserted into the neatus auditorius externus of the subject

to face the eardrumto neasure the tenperat th Th be 2
oriented to 2He dBPEFLARLPTUIRERG %ﬁ%ﬂd%ﬁégb?ﬁ%é&ef“iuf (?EQZ t ‘&J%ﬁl"gt he
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2 is taken out of the meatus audltor;us externus. The liquid

crystal display component 6 shows the maximum temperature

measured here, so that the temperature oif the eardrum, that

is, the body temperature is displ.ay__gd to allow the one to read

the display as the body temperature of the subject.

Figs. 11 is a partially cut-out cross-sectional view
showing the probe 2 of the radiation clinical thermometer shown
in Fig.1l0.

The probe 2 is provided, on the top-end thereof, with a
filter 7 which has transmission wavelength characteristics.
The filter 7 is made from optical crystal such as silicon (Si)
or barium fluoride (BaF,), or a polymer such as polyethylene
and has a function oi-f'“ infrared-wavelength selective

transmission and dust proof.

A light guide tube 8 is a tube which is provided to
efficiently converge the thermal radiation ffbm the eardrum
the temperature of which is to be measured, made of metal pipes
such as copper, brass, or stainless steel, and the inner surface
of which is a mirror-finisﬁed surface coated with gold (Au)
to increase the reflectivity.'The application of the coating,
however, will not allow the inner surface of the light guide
tube 8 to become a perfect reflector having a reflective index

of 1.00 and thus cause the inner surface of the light guide



Figs. 11 is a partially cut-out cross-sectional view show ng the probe 2
of the radiation clinical thernoneter shown in Fig.10. ' The probe 2 is
provi ded, on the top-end thereof, with a Filter 7 which has transni ssion
wavel ength characteristics. The filter 7 is made fromoptical crystal such
as silicon (Si) or bariumfluoride (BaF[err]), or a polynmer such as

pol yet hyl ene and has a function of infrared-wavel ength sel ective

transm ssion and dust proof. A light guide tube 8 is a tube which is
provi ded to efficiently converge the thermal radiation fromthe eardrum
t he terrperatur V\glch I s.to be neasured, de of netal pipes such as
copper, brass$ tu ‘? % ?n?%‘%l%t’%‘é?e AhleRe Fadtrti¥ieface of which is a

he.
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having a refl I ve us cause t I nner surface S5 he
light guide yway as the light guide tube 8 and one3end (on the side of the

filter 7) sealed so that infrared radiation cannot come in from
the temperature-measured object. In addit.ion, the light guide
tube 9 is provided close to the light guide tube 8 so as to
keep approximately the same temperature as the 1ight guide tube
8. The condit;‘.on required for the light guide tube 9 is to reach
approximately the same temperature as the light guide tube 8
but not always necessarily to be the same in material or inner
surface condition.

A first 'infrared sensor 10 is a sensor which detects the
infrared radiation, emitted from the temperature-measured
object, converged by the light guide tube 8, however, detects
also the thermal radiation £from the light guide tube 8 itself,
whereas a second infrared sensor 11 detects the thermal
radiation from the 1light guide tube 9 itself be'c'aluse the top-end
of the light guide tube 9 is sealed. In addition, the second
infrared sensor 11 is provided close to the first infrared.
sensor 10 so as to have app;:oximately the same temperature as
the first infrared sensor 10. A temperature sensitive sensor
12 is a sensor which allows for measuring the temperature of
the first infrared sensor 10 and the second infrared sensor

11.

The operation principle with the first and second infrared




tube 8 to remain nore or |ess radiative. A light guide tube 9 is nmade
fromthe sane material as the light guide tube 8 with the inner surface
treated in the sane way as the |ight guide tube 8 and one end (on the side
of the filter 7) sealed so that infrared radiation cannot conme in from
the tenperature-neasured object. In addition, the light guide tube 9 is
provided close to the |ight guide tube 8 so as to keep approximately the
sanme tenperature as the light guide tube 8. The condition required for the
l'ight guide tube 9 is to reach approximately the same tenperature as the
light guide tube 8 but not always necessarily to be the sane in material

or inner sufPREETERBIANGDAL is brigfily, explaipgddierends the ight g‘éh‘%r
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tenperature as first infrared Sensor 10. A tenperature sensit
sensor tube 8 also gives off thermal radiation but has the same

temperature as the infrared sensor 10, so that the thermal
radiation from the light guide tube 8 is negligible when the
difference in radiance and incidence at the infrared sensor
10 is taken into account. A difference in temperature between
the light guide tube 8 and the first infrared sensor 10, however,
develops a difference in thermal radiation between the light
guide tube 8 and the first infrared sensor 10 to cause the first
infrared sensor 10 to detect the thermal radiation from the
temperature-measured object and the light guide tube 8 so that
the thermal radiation from the light guide tube 8 is not

negligible. Therefore the radiation clinical thermometer 1 of

the present invention is provided with the second infrared
sensor 11 to allow the second infrared sensor 11 to detect the
infrared radiation from the light guide 9, which is held under
the same temperature condition as the light guide tube 8, to
reduce at an adequate proportion the output of the secpnd
infrared sensor 11 from the output pf the first infrared sensor
10 which is affected by the temperature of the light guide tube
8 to detect the infrared radiation from the temperature-

measured object, inde;pendent of the temperature effects of the



12 is a sensor which allows for neasuring the tenperature of the first

I nfrared sensor 10 and the second infrared sensor 11. The operation
principle with the first and second infrared sensors 10 and -11
is briefly explained here. If the light guide tube 8 and the first
infrared sensor 10 are at the sane tenperature, the first infrared sensor
10 is allowed to apparently detect the infrared radiation only fromthe

t enper at ure- neasured object. This is because the |ight guide tube 8 also
gives off thermal radiation but has the sanme tenperature as the infrared
sensor 10, so.that the therpal _radiation fromthe Iight guide tube 8 is
negl i gi bl e wh&ﬁggﬁe u&deng%bg°in radi ance and incidence at the infrared
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first infrared sensor to cause 't
Japanese Laid-open Patent Publication No. Sho-61-66131.

This radiation thermometer is provided with a signal fiber
which guides the infrared radiation fr'om the temperature-
measured object and corresponds to the light guide tube 8 of
the radiation clinical thermometer proposieé. in Japanese Patent
Application .No. Hei-7-294117, and with a disturbance fiber
corresponding to the light guide tube 9 to eliminate the effects
of disturbance for measuring temperature.

Thére exists the problem, however, that providing two light
guide tubes or fibers as conventionalljf done causes the
diameter of the top-end for facing to the temperature-measured
object, that is, the probe_i_;q become larger to accommodate two
or more light guide tubes or fibers.

Especially for a radiation clinical thermometer which is
inserted into the meatus auditorius externus to detect the
infrared radiation from the eardrum, there exists a pro;Diem
that a radiation clinical thermometer with a probe of a large
diameter has difficulty in inserting the radiation clinical
thermometer into the meatus auditorius externus to face to the
eardrum of a child whose ear hole is small.

To overcome this problem, it may be considered to make the
two light guide tubes etc. thinner, however, this causes the

emission outlet of the light guide tubes to become smaller and




infrared sensor 10 to detect the thermal radiation fromthe

t enper at ur e- neasur ed object and the |ight guide tube 8 so that the thermal
radiation fromthe |ight guide tube 8 is got negligible. Therefore the
radiation clinical thernoneter 1 of the present invention is provided with
t he second infrared sensor 11 to allow the second infrared sensor 11 to
detect the infrared radiation fromthe Iight guide 9, which is held under
the sane tenperature condition as the |ight guide tube 8 to reduce at an
adequat e proportion the output of the second infrared sensor 11 fromthe
output of the first infrared sensor 10 which is affected by the

t enper at ur e @flschtheiqpitgipaldwieuet thetinficared sepsomie hesrmaamadies

fromthe tenperature- neasured object, independent_of the te
effects of {Tphié:e to the emission <J)utlet.' Adgitgj.ongliy thisg E%%ﬁtgrégfaube
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Patent Publ | (@etnieornall\_&, l%gﬁiga_'tq?elglew narrower tends to lead to decreasing
the incident energy. And also a thin light guide tube etec.
causes the number of reflections of infra;:ed radiation inside
the light guide tube to increase. Taking into account that
energy 1is lost at every reflection, sensitivity is
disadvantageously affected in this point.

DISCLOSURE OF THE INVENTION

The present invention is for purposes of the foregoing to
provide a radiation clinical thermometer having a top-end,
that is, a probe for facing the temperature-measured object
made thinner without reducing sensitivity.

To achieve the forgoing purposes, the invention set forth
in claim 1 is characterized in that the present invention is
provided with a light guide means having an emission inlet and
an emission outlet to guide the infrared radiation from the
temperature-measured object, a first infrared sensor for
detecting the infrared radiation from the light guide means .
a temperature sensitive sensor which generates a reference
temperature signal, a reference cavity which has approximat_elj
the s&ne temperature condition as said light guide means and
is sealed so as to shut out infrared radiation from outside,

a second infrared sensor for detecting the infrared radiation

from the reference cavity, a temperature computing means for



This radiation thernoneter is provided with a signal fiber which guides
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causes the emssion outlet of the light guide tubes to

inasdde thereof with said light guide means and said reference

cavity, at least either said 1light guide means or said reference

‘cavity is tapered toward the emission inlet from said first

or second iqfrared sensor.

The invention set forth in claim 2 is characterized in that .

in the invention set forth in claim 1, said light guide means
comprises a pipe and said reference cavity comprises a
supporting member which supports said pipe.
Furthermore the invention set forth in c¢laim 3 is characterized
in that, in the invention set fggth in claim 1, said light guide
means comprises of a pipe and said reference cavity comprises
of the outer wall of said pipe and the supporting member which
supports said pipe. |

Furthermore the invention set forth in claim 4 is
characterized in that, in the invention set forth in claims
2 and 3, said supporting member comprises of a member of high
thermal conductivity. |

Furthermore the invention set forth in claim 5 is
characterized in that, in the invention set forth in claim 4,
said member of high thermal conductivity is made of aluminum.

Furthermore the invention set forth in c¢laim 6 is

d whosSe ear hole is snal To overcone this problem




6 al so the original view of the infrared sensor to becone small er

due to the em ssion outlet. Additionally this causes the incident energy
to decrease to lead to a decrease in sensistivity. Cenerally, making the
view narrower tends to |l ead to decreasing the incident energy. And also a
thin light guide tube etc. causes the nunber of reflections of infrared
radi ation inside the light guide tube to increase. Taking into account
that energy is lost at every reflection, sensitivity is disadvantageously
affected in this point DI SCLOSURE OF THE | NVENTI ON The present

I nvention is for B oses_ of th fore90|ng to provide. a rag ation_clinical
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infrared radigéi gih! YPJHE and the emission inlet of said pipe are
positioned approximately at the center of said probe and the
emission outlet is positioned toward ééid first infrared
sensor, whereby the pipe is positioned diagonally against the
center line of said probe.

Furthermore the invention set forth in claim .7 is
characterized in that, in the invention set forth in claims
2 and 3, said first infrared sensor is positioned on the center
line of said probe and said pipe is positioned along said center
line.

Furthermore the invention set forth in c¢laim 8 is
characterized in that, in the invention”__set forth in claim 1,

said light guide means and said reference cavity are formed

into the same member in one piece.

Furthermore the invention set forth in claim 9 is
characterized in that, in the invention set forth in any one
of claims 1 through 8, said temperature sensitive sensor is
adhered to the bottom surface of said first infrared sensor
or second infrared sensor by adhesive.
| Furthermore the invention set forth in claim 10 is
characterized in that, in the invention set forth in any one
of claims 1 through 3, a window member for transmitting infrared

radiation is fitted to said probe so as to seal the emission



t enper at ure- neasured object, a first infrared sensor for detecting the
infrared radiation fromthe |ight guide neans, a tenperature sensitive
sensor which generates a reference tenperd@ture signal, a reference cavity
whi ch has approximately the sane tenperature condition as said |ight guide
means and 1is sealed so as to shut out infrared radiation fromoutside, a
second infrared sensor for detecting the infrared radiation fromthe
reference cavity, a tenperature conputing neans for

7 cal culating tenperature in accordance with the signals from said

first infrar eq_ni%q._s%rf %q-dsﬁflghﬁgmgié rﬁ{eraq{sed sensor, and said

tenperature sénsSitiveé sensor play unit for displaying
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means; and the probe 1's provided on the inside thereof wth said |1ght
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nmeans or said reference cavity is tapered toward the em ssion inlet from

said first o aadoBd & imd®e neeilsdt for transmitting infrared radiation
is fitted to said pipe so as to seal the emission inlet of said

light guide means. ’
Furthermore the invention set forth in claim 12 is

characterized in that, in the invention set forth in claims

2 and 3, a window member for transmitting infrared radiation
is fitted to said supporting member so as to seal the emission
inlet of said light guide means.

According to the invention set forth in claim 1, the
reference cavity is tapered toward the emission inlet of the
light guide means from the second infrared sensor without
reducing sensitivity, so that a radiation clinical thermometer

which has a thin top-end, that is, a probe for facing

temperature-measured objects can be provided. Furthermore,

even in the case where the light guide means is tapered toward
the emission inlet of the light guide means from the first
infrared sensor side, a radiation clinical thermometer having
a thin probe can be provided. Furthermore, comparéd with the
conventional thermometer having two light gﬁide tubes, less
number of light guide tubes allows for producing a cheaper
radiation clinical thermometer.

Furthefmore, tapering off the probe to the top-end allows

in turn the emission outlet to broaden, whereby the area of



The invention set forth in claim2 is characterized in that, in the
I nvention set forth in claiml1, said |light guide neans conprises a pipe
and said reference cavity conprises a supporting nenber which supports
said pipe. Furthernore the invention set forth in claim3 is characterized
in that, in the invention set forth in claim1, said |ight guide neans
conprises of a pipe and said reference cavity conprises of the outer wall
of said pipe and the supporting nenber which supports said pipe.
Furthernore the invention set forth in claim4 is characterized in that,
in the invention set forth in clains, 2 and 3, said,sggporting'nenber
conpri ses of thendmfaarsd segson Fapnhe erkkgedviAny intrared, sSRsamrE fhe
invention set_ forth in claim5 is_ characteri ed,i% that, in the [nvention
KB bighd
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having a simple amplifier with less noise.

Furthermore the invention set forth in claim 2 has the
effect that the reference cavity is :‘:'ormed only by the
supporting member, whereby no space is available for allowing

- infrared radiation to come into the reference cavity from
| outside and_ thus infrared radiation from outside can be
positively shut out.

Furthermore the invention set forth in claim 3 has the
effect that the reference cavity is formed by the supporting
member and the outer wall of the light guide tube, whereby the
reference cavity easily reflects the temperature of the light
guide tube. ]

Furthermore the invention set forth in claim 4 has the

effect that the light guide means and the reference cavity can

be easily held to approximately the same temperature.

Additionally, in the case whére a difference in temperature
is developed between the light guide means and the infrared
sensor, the effect that the light guide means ana the infrared
sensor reach an equilibrium state soonér is also given.

Furtheérmore the invention set forth in claim 5 has the effect
that aluminum has a good thermal conductivity and also allows
for forming a supporting member of a complicated shape by the

aluminum die-casting.



characterized in that, in the invention set forth in clains 2 and 3, said
first infrared sensor and said second infrared sensor are arranged in
parallel to each other across the center 33 said probe, and the em ssion
inlet of said pipe are positioned approxinmately at the center of said
probe and the em ssion outlet is positioned toward said first infrared
sensor, whereby the pipe is positioned diagonally against the center |ine
of said probe. Furthernore the invention set forthinclaim 7 is
characterized in that, in the invention set forth in clains 2 and 3, said

first infrared Se)f?‘é?{:h%érgp,%i tth%.”gﬁv%%t%% %ﬁ‘é%%rorﬂﬂ ’}gxuﬁl%lhasﬁﬁ d pt'i%’%:tfi‘gd

said pipe is positione ong sai d center ernore

invention set EpLbR tRat! & Thénner ¢ Cll 3Rd ridad.hat, in the invention

set forth in claiml, said [ight guide neans and said reference cavity are
formed into the papenapmbee itheOARVRNAGRN set FortMaMMUEaine7 i RyENEhEN
set forth inclaim9 is characterized in that, in the invention set forth
in any one oé&f€kaitnmehatt bheugbnBersakist efpehat suppsebshyi vémbensds the
adhered to the bottom surface of said first infrared sensor or second
i nfrared senseambyaadhbei venter axker bfietherbolbefonvenseohingtafpipé as
claim10 is .

the light guide tube, whereby the hole of the supporting member

can be easily and accurately finished by cutting.

Furthermore, according to the invention set forth in claim

8, the pipe to be used as the light guide tube is not necessary
and thereby costs can be saved;

. Furthermore the invention set forth in claim 9 has ’t_:he
effect that the temperature of the sealed sensor can be measured
with higher accuracy.

Furthermore the invention set forth in claim 10 has the
effect thaf the filter can prevent wa1_:_<_=,;: from coming into the
probe.

" Furthermore the invention set forth in claim 11 has the
effect that the filter reaches the same temperature as the 1ight @
guide tube, so that the body temperature can be measured more
accurately.

Furthermore the invention set forth in claim 12 has the
effect that, in the case the filter is fitted to the support‘ing'
member, the filter reaches approximately the same temperature
as the supporting member (the light guide means by a lLight guide
hole), so that the body temperature can be measured more

accurately.



characterized in that, in the invention set forth in any one of clains 1
through 3, a w ndow menmber for transmtting infrared radiationis fitted
to said probe so as to seal the em ssion 12

9 inlet of said |ight guide neans. Furthernore the invention set
forth in claim1l is characterized in that, in the invention set forth in
claine 2 and 3, a wi ndow nenber for transmtting infrared radiation 1is
fitted to said pipe so as to seal the emssion inlet of said |ight guide
nmeans. Furthernore the invention set forth in claimi12 is
characterized in that, in the invention set forth in clains 2 and 3, a

wi ndow menber BREEF { PRRGRIPTION PRt FHE BRAUINGSi on is fitted to said,

supporting menber_so as, to seal the em ssio inlet of said_l. d
means. Accor it agt t%Ft?quqﬁﬁéh%¥nF%ﬁﬂ°q IQH?ﬁ§1§ﬂ9£3ﬂan1t hggh@%énce

cavity is tapgred, Loyarde g S hdd e d4'%nd 1UiA4oH AR O
thermometer in accordance with the present invention:
Fig.2 is an explanatory block diagram showing the operation
of the radiation clinical thermometer sﬂown in Fig.1l:
Fig.3 is a partially cut-out cross-section view showing the

< probe of the second embodiment of the radiation clinical
thermometer in accordance with the present invention;
Fig.4 (a) is a cross-section view taken on line A-A’ of Fig.3,
Fig.4 (b) being a cross-section view taken on line B-B' of Fig.3,
and Fig.4 (c) being a cross-section view taken on line C-C’
of Fig.3:
Fig.5 is a partially cut-out cross-section view showing the
probe of the third embodiment of the radiation clinical
thermometer in accordance with the present invention;
Fig.6 is a partially cut-out cross-section view showing the

& probe of the fourth embodiment of the radiation clinical
thermometer in accordance with the present invention:
Fig.7 is a partially cut-out cross-section view showing the
probe of the fifth embodiment of the radiation clinical
thermometer in accordance with the present invention:
Fig.8 is a partially cut-out cross-section view showing the
probe of the sixth embodiment of the radiation clinical
thermometer in accordance with the present invention:

Fig.9 is an explanatory view showing an example of the shape



reducing sensitivity, so that a radiation clinical thernoneter which has a
thin top-end, that is, a probe for facing tenperature-neasured objects can
be provided. Furthernore, even in the casse where the |light guide nmeans i's
tapered toward the em ssion inlet of the |light guide neans fromthe first

i nfrared sensor side, a radiation clinical thernoneter having a thin probe
can be provided. Furthernore, conpared with the conventional thernoneter
having two |ight guide tubes, |ess nunber of |ight guide tubes allows for

produci ng a cheaper radiation clinical thernoneter. Furthernnre
rin
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the infrared sEnsaroeafiohs GHLA IR oAty ansdaansyr of a larger area

allows for ma |ng rared ‘senso sensitive and thus providing
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noi se. ernore t nvention set forth in claim?2 has th
thermometer suggested in Japanese Patent Appllcatlon No.

Hei-7-294117; and
Fig.1l1l is a partially cut-out cross-section view showing the
probe 2 of the radiation clinical thermometer 1 shown inFig.10.

PREFERRED EMBODIMENTS OF THE INVENTION

The present invention is described below in accordance with
the drawings.

It is to be understood that the elevation front view of
the radiation clinical thermometer in accordance with the
present invention is almost the same as Fig.l1l0, so that
explanation on the following embodiments of the present
invention is carried out ref?rring to Fig.10.

Fig.l is a partially cut'-out cross-section view showing
the probe of the first embodiment of the radiation clinical
thermometer in accordance with the present invention. The %
material of the probe 2 is, for example, ABS resin, and the
probe 2 is provided inside with the light guide tube 15 and
supporting member 16. |

The light guide tube 15 is a pipe which is provided to
efficiently converge the thermal radiation from the eardrum
the temperature of which is to be measured, made of metal such
as copper, brass, or stainless steel, and the inner surface

of which is a mirror-finished surface coated with gold (Au)




effect that the reference cavity is fornmed only by the supporting nenber,
wher eby no space is available for allowwng infrared radiation to cone into
the reference cavity from outside and thus infrared radiation from outside
can be positively shut out. Furthernore the invention set forth in
claim3 has the effect that the reference cavity is forned by the
supporting nenber and the outer wall of the light guide tube, whereby the
reference cavity easily reflects the tenperature of the light guide tube.
Furthernore the invention set forth in claim4 has the effect that the

| i ght gui de neans and the reference caV| can be easily held to
apprOX|natelthhéﬂﬁﬁﬁ?%QNﬁﬂﬁ 1xgchit+ onal Iy, in the case where a
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supporting menber of a conplicated shape by thé al um num die-castring.
transmitting infrared radiation, is formed by optical crystal

such as silicon (Si) or barium fluoride '(Ban), or a polymer
such as polyethylene and has a function of infrared-wavelength
selective transmission and dust proof. The light guide tﬁbe
15 is cut dia_gonally at the top-end thereof so that the filter
7 fitted to the top-end of the light guide tube 15 is positioned
perpendicular to the center line of the probe.

The supporting member 16, which is a membex for supporting
the light guide tube 15 inside the probe 2, has the shape shown
in Fig.1l to form the reference cavity 17 which serves as the
light guide tube 9 in Fig.11l. The supborting member 16 is a
member of high thermal conductivity, the material of which is,

for example, aluminum. The reference cavity 17 is sealed at

the one end thereof (oh the side of filter 7) so as to prevent

infrared radiation from coming in from the temperature-
measured object. In addition, the reference cavity 17 is
provided close to the light guide tube 15 +to become
approximately the same temperature as the light guide tube 15.
The condition required for the reference cavity 17 is to reach
approximately the same temperature as the light guide tube 15
but is not always necessarily the same in material or inner

surface condition. Furthermore the reference cavity 17 is so



Furthernore the invention set forth in claim6 has the effect that a

t hi nner probe can be nade. Furthernore the invention set forth in
claim7 has the effect that the center axits of the supporting member is
the same as the center axis of the hole for inserting a pipe as the |ight
gui de tube, whereby the hole of the supporting nenber can be easily and

accurately finished by cutting. Furthernore, according to the

i nvention set forth in claim 8, the pipe to be used as the |ight guide
tube is not necessary and thereby costs can be saved. Furt hernore the
invention set doHdPrudt&d Asn8 hdsapbpeasidita ttheterﬁ{@si&mm?ﬂliga%’r
seal ed sensor can be neasured w th higher accuracy Furthernore t
invention set fiostdeddnd! BhftdPedasehBer eifect that the filter can prevent
water fromcomng into the probe. Furthernore the invention set forth

in claim1l has te fisfdftednfiteated Bensdt @0 Leaghesnsde wigith (RGBS Wi as

the light guide tube, so that the body tenperature can be neasured nore
infrared radiation, emitted from the temperature-measured
object, converged by the light guide tube 15, however, detects
also the thermal radiation from the light 'guide tube 15 itself,
whereas a second infrared sensor 11 detects the thermal
radiatien from the reference cavity 17 itself because the
top-end of the reference cavity 17 is sealed. In addition, the
second infrered sensor 11 is provided close to the first
infrared sensor 10 so as to have approximately the same
temperature as the first infrared sensor 10. A temperature
sensitive sensor 12 is a sensor which allows for measuring the
temperature of the first infrared sensor 10 and the second
infrared sensor 11. Therefore the temperature sensitive sensor
12 is preferably fixed to the bottom surface of the first
infrared sensor 10 or the second infrared sensor 11, for example,
by adhesive 12a. An adhesive of high thermal conductivity may
be preferably selected (for example, silicone of high thermal
conductivity) for the adhesive 1l2a.

Furthermore the first infrared sensor 10 and the second
infrared sensor 11 are arranged in parallel to each other across
the center of the probe 2, and the emission inlet 15a of the
light guide tube 15 is positioned approximately at the center

of the probe 2 and the emission outlet 15b is positioned toward

the first infrared sensor 10, whereby the light guide tube 15 -

o



accurately. Furthernore the invention set forth in claim12 has the
effect that, in the case the filter is fitted to the supporting nenber,
the filter reaches approxi mately the samelfenperature as the supporting
menber (the |ight guide neans by a |ight guide hole), so that the body
tenperature can be neasured nore accurately.

12 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.1is a partially cut-out
cross-section view showing the probe of the first enbodi mrent of the
radiation clinical thernmonmeter in accordance with the present invention;

adiati | | | resent
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cut -out crosspsection view showing the probe of the second enbodi nent of
the radiation clinical thernonmeter in accordance with the present

invention; Fig.4r{g)2ii% &n ekPISnSTGiyas yéleWikgkamn showinethedSpefathiidh 3,
of the radiation clinical thermometer shown in Fig.l. It is
to be understood that, in Fig.2, those parts that are the same
as in Fig.l are given by the same refer;mce numbers.

The operation principle with the first and second infrared
sensors 10 and 11 is briefly explained here. If the 1light guide
tube 15 a'nd_the first infrared sensor 10 are at the same
temperature, the first infrared sensor 10 is allowed to
apparently detect the infrared radiation only from the
temperature-measured object. This is because the light guide
tube 15 also gives off thermal radiation but has the same
temperature as the infrared sensor 10, so that the thermal
radiation from the light guide tube 15 is negligible when the
difference in radiance and incidence at the infrared sensor

10 is taken into account. A difference in temperature between

the light guide tube 15 and the first infrared sensor 10,

however, develops a difference in thermal radiation between
the light guide tube 15 and the first infrared sensor 10 to
cause the first infrared sensor 10 to detect the thermal
radiation from the temperature-measured object and the liéht
guide tube 15 so that the thermal radiation £from the light guide
tube 15 is not negligible.

Therefore the radiation c¢linical thermometer of the

present invention is provided with the second infrared sensor



Fig.4 (b) beingacross-sectionview taken on line B-B of Fig.3, and Fig.4
(c) being a cross-section view taken on line GC of Fig.3;, Fig.5is a
partially cut-out cross-section view showihy the probe of the third '
enbodi nent of the radiation clinical thernmonmeter in accordance with the
present invention; Fig.6 is a partially cut-out cross-section view show ng
the probe of the fourth enbodi nent of the radiation clinical thernoneter
in accordance with the present invention; Fig.7 is a partially cut-out
cross-section view show ng the probe of the fifth enbodi ment of the

radiation cli ri'lcgiol alPELEOTRL 95 Arid AL LLATAES oW £ Poh hd H2FeHen c%VEQ?EL‘Eﬁg

Fig.8 is a parti y cuf-out cross-section view showi ng the probe o

si xth enmbodi mant, thbheléqsiém hfady ithieC8hme! FEMPOIREEF e | SOIREGOI SIRRGEE tet h
the present invention, Fig.9 is an explanatory vi ew showi ng an exanpl e of

t he shape light guide tube 15, to reduce a8 an adeqifatipropberadacthe

cavity of the radiation clinical thernoneter
output of the second infrared sensor 11 from the output of the
first infrared sensor 10 which is affected by the temperature
of the light guide tube 15 to detect thé infrared radiation
from the temperature-measured object, independent of the
temperature effects of the 1light guide tube 15. The temperature
computing means 13 calculates the temperature of the
temperature;measured object in accordance with the outputs
from the first infrared sensor 10, the second infrared sensor
11, and the temperature sensitive sensor 12, and displays éhe

" temperature on the display unit 14.

Fig.3 is a partially cut-out cross-section view showing
the probe of the second embodiment of the radiation clinical
thermometer in accordance with the present invention.

The material of the probe 2 is, for example, ABS resin,
and the probe 2 is provided inside with the light guide tube
18 and supporting member 19.

The light guide tube 18 is a pipe which is provided to
efficiently converge the thermal radiation from the eardrum
the temperature of which is to be measured, made of metal such
as copper, brass, or stainless steel.;, and the inner surface
of which is a mirror-finished.surface coated with gold (Au)
to increase the reflectivity.

The probe 2 is provided on the top-end thereof with the




in accordance with the present invention; Fig. 10 is a front el evation
view show ng the radiation clinical thernoneter suggested in Japanese

Pat ent Application No. Hei-7-294117; andi8 Fig.11 is a partially cut-out-
cross-section view showing the probe 2 of the radiation clinical
thermonmeter 1 shown in Fig. 10. PREFERRED EMBODI MENTS OF THE | NVENTI ON
The present invention is described below in accordance with the draw ngs.
It is to be understood that the elevation front view of the radiation
clinical thernoneter in accordance with the present invention is al nost
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and the probe I'S provi Inside"with the Iight guide tube 15 an
supporting megfgsrilfe ﬁBan)ThSﬂ & 0bd 1 give Hlasdctb & sl polyer iyt lmeVaindh hias a
provided to efficiently converge the thernal radiation fromthe eardrum
t he tenperat urgh®fiohi e isfiarde-waeslergth meteotivet irapemhiission and
dust proof. In this embodiment, the filte‘:r 7 is provided not

on the top-end of the light guide tube 18 but on the top-end

o of the probe 2, so that the top-end of the light guide tube

Koo

18 is not reguired to be cut diagonally.

The supporting member 19, which is a member for supporting
the light guide tube 18 inside the probe 2, has the shape shown
in Fig.3 to form the reference cavity 20 which serves as the
light guide tube 9 in Fig.l1l1l. The supporting member 19 is a
member of high thermal conductivity, the material of which is,
for example, aluminum. The reference cavity 20 of this
embodiment comprises the supiii:rting member 19 and the outer

wall of the light guide tube 18, and the reference cavity 20

is sealed at the one end thereof (on the side of filter 7) so
as to prevent infrared radiation from coming in from the
temperature-measured object. Additionally, the outer wall of
the light guide tube 18 constitutes a part of the reference
cavity 20, so that the inner wall of the reference cavity_ 20-
approximates the same temperature as the inner wall of the light
guide tube 18. The condition required for the reference cavity
20 is to reach almost the same temperature as the light guide

.tube 18 but is not always necessarily the same in material or



as copper, brass, or stainless steel, and the inner surface of whichis a
mrror-finished surface coated with gold (Au)

14 to increase the reflectivity. 19 The |ight guide tube 15 is
provi ded on the top-end thereof wth the filter 7 having

transm ssi on wavel ength characteristics. The filter 7, a w ndow nenber
for transmtting infrared radiation, is forned by optical crystal such as
silicon (Si) or bariumfluoride (BaF2), or a polyner such as polyethyl ene
and has a function of infrared-wavelength selective transm ssion and dust

proof. The |i ghnduistf-reldee cohaditTonul ra-8HEPALLY Be G UMD ¢4 L) SO
that the filter 7 fitted to the top-end of the |ight guide tube 15 I's

positioned perpeflicoistiridtddas iy de taprreld ithwaRicokte filtelhd side
supporting nmenber 16, which is a nmenber for supporting the |ight guide

tube 15 insi deErtdae fheohsedhndamftershapenshownl sid&ig. 1 to formthe

reference cavity 17 which serves as the light guide tube 9 in Fig.11l. The

supporting nmenber The ifdrat infrared sensor 10 is a sensor which detects the
infrared radiation, emitted from the temperature-measured
object, converged by the light guide tube'18, however, detects
also the thermal radiation from the light guide tube 18 itself,

whereas the second infrared sensor 11 detects also the thermal

radiation from the reference cavity 20 itself because the
top-end of the reference cavity 20 is sealed. In addition, the
second infrared sensor 11 is provided close to the first
infrared sensor 10 so as to have approximately the same
temperature as the first infrared sensor 10. The temperature
sensitive sensor 12 is a sensor which allows for measuring the
temperature of the first infrared sensor 10 and the second
infrared sensor 11. Therefore the temperature sensitive sensor
12 is preferably fixed to the bottom surface of the first
infrared sensor 10 or the second infrared sensor 11, for example, @
by adhesive 12a. An adhesive.éf high thermal conductivity may
be preferably seI_Lected (for example, silicone of high thermal
conductivity) as the adhesive 12a.

Furthermore the first infrared sensor 10 and the second
infrared sensor 11 are arranged in parallel to each other across
the center of the probe 2, and the emission inlet 18a of the
light guide tube 18 is positioned approximately at the center

of the probe 2 and the emission outlet 18b is positioned toward



menber of high thermal conductivity, the material of which is, for

exanpl e, alum num The reference cavity 17 is sealed at the one end
thereof (on the side of filter 7) so as tmoprevent infrared radiation from
comng in fromthe tenperature- mneasured object. In addition, the
reference cavity 17 is provided close to the Iight guide tube 15 to becone
approxi mately the sane tenperature as the light guide tube 15. The
condition required for the reference cavity 17 is to reach approxinmately
the sane tenperature as the |ight guide tube 15 but is not always

necessarily the same in material or inper rf i tjpon.
t he ref ere%ceﬂ}f‘a\fiitrftl?"‘nif§a§8d sensor 10, whsélil:'eb%rc%hgofglgltlk Os?ui eurttig)eer re

constructed as to he .ta d toward_the_em. ssi.on jnl f cond
infrared senéﬁiPff.%l°“%%Q8%F98Paﬂ r%?%ﬁnggﬂgggc%%t%E.%Eggﬁégﬁh“%pgﬁ%%
detects the Jjnfrared radiation, emtted fromthe tenperature-neasured

obj ect, conyerged by the light guide tube 15, however, detects also the
thermal radiatiorpffQRiderd | 9t tighd danditeh? i £86first infrared sensor

10 and the second infrared sensor 11 are sealed with cover 21
which adheres the window member with low 'melting-point glass
to receive infrared radiation through the windows 22 and 23.

s The windows 22 and 23 are made from barium fluoride (BaF,) or
silicon (Si). with anti-reflection coating (AR coatiné) .
Nitrogen gas is sealed in the room enclosed with the cover 21
to prevent the first infrared sensor 10 and the second infrared
sensor 11 from being deteriorated.

It is to be understood that the operation of the radiation
clinical thermometer of this embodiment is the same as the first
embodiment shown in Fig.} and, for this reason, an explanation
is omitted here.

Fig.4 (a) is a cross-section view showing the radiation

clinical thermometer, cut in a direction different from that
of Fig.3; (a) is a cross-section view taken on line A-A’ of
Fig.3:; . (b) is a cross-section view taken on line B-B’ of Fig.3:
and (c) is a cross-section view taken on line C-C' of Fig.3.
In each cross-secfion view, only the light guide tube 18, _the
supporting member 19, and fhe reference cavity 20 are
illustrated. -

It is to be clearly understood that the outer wall of the

light guide tube 18 constitutes a part of the inner wall of



whereas a second infrared sensor 11 detects the thernmal radiation fromthe
reference cavity 17 itself because the top-end of the reference cavity 17
is sealed. In addition, the second infrar2dd sensor 11 is provided close to
the first infrared sensor 10 so as to have approxi mately the sane
tenperature as the first infrared sensor 10. A tenperature sensitive
sensor 12 is a sensor which allows for neasuring the tenperature of the
first infrared sensor 10 and the second infrared sensor 11. Therefore the
tenperature sensitive sensor 12 is preferably fixed to the bottom surface

of the first _jnf d .10 h ' .

exarpl e, by SARCTLErGIEE SRy itdnal vt PR FRAEE AR 1P dis be
preferably selggheg tha' rPfREM & Sl ¢ARE AdH dRriase@lsencRRdygli Vi Ly)
for the adhesive a. urthernore the first infrared sensor 10 and the

second infrared pegser;llaaperefsigedht-0af abtess i fefLln OFI6H SoWiESg
the center of the probe 2, and the emi ssion inlet 15a of the [|ight guide

tube 15 is poghkl gﬂeseaaereﬁénﬁhﬁka 8hbbhemERDt 6Ff tINé Fd@EiPtDbe A bmicabe
em ssion outlet 15b is positioned toward the first infrared sensor 10,

wher eby the | tpbimgmedert uirte dbcordance with the present inventid®.The
material of the probe 2 is, for example,. ABS resin, and the
probe 2 is provided inside the same with the light guide tube
24 and supporting member 25.

The light guide tube 24 is a pipe which is provided to
efficiently converge the thermal radiation from the eardrum
the temperature of which is to be measured, made of metal such
as copper, Brass, or stainless steel, and the inner surface
of which is a mirror-finished surface coated with gold (Au)
to increa.se the reflectivity.

The probe 2 is provided on the top-end thereof with the
filter 7 having transmission wavelength characteristics. The
filter 7, a window member for transmitting infrared radiation,
is formed by optical crystal such as silicon (Si) or barium
fluoride (BaF,), or a polymer such as polyethylene and has the
infrared-wavelength selective transmission and dust proof
function.

The supporting member 25, which is a member for supporting
the light guide tube 24 inside the probe 2, has the shape shown
-in Fig.5 to form the reference cavity 26 which serves as the
light guide tube 9 in Fig.1ll. The supporting member 25 is a

member of high thermal conductivity, the material of which is,

R
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I's positioned diagonally against the center |ine of the probe 2. Fig.2
I s an explanatory bl ock diagram showi ng the operation of the radiation
clinical thernonmeter shown in Fig.1l. It i82 to be understood that, in
Fig.2, those parts that are the sane as in Fig.1l are given by the sane

ref erence nunbers. The operation principle with the first and second
infrared sensors 10 and 11 is briefly explained here. If the Iight guide
tube 15 and the first infrared sensor 10 are at the sane tenperature, the
first infrared sensor 10 is allowed to apparently detect the infrared

radi ation only fromth erat ure- sureg ect. Thi,s t he
e ot o tare Shanie ' DGR S, TER FSPabfhet . irahthads! e siﬁz&f
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gui de tube 15 and the first infrared sensor 10 t

as to prevent infrared radiation from coming in from the
temperature-measured object. Additionall.y the outer wall of
the light guide tube 24 constitutes a part of the reference
Py cavity 26, so that the inner wall of the reference cavity 26
is to appr'oxi.mate the same temperature as the inner wall of
the light guide tube 24. The condition required for the
reference cavity 26 is to reach almost the same temperature
as the light guide tube 24 but is not always necessarily the
same 1in material or inner surface condition. Furthermore the
reference cavity 26 is so constructed as to be tapered toward
the filter 7 side from the second infrared sensor 11 side.

This embodiment, as is understood by comparing Fig.3 with

Fig.5, is characterized in that the light guide tube 24 is

provided perpendicular to the filter 7 and the first infrared
sensor 10. That is, the first infrared sensor 10 is positioned
on the center line of the probe 2 'and the light guide tube 24
is positioned along the center line of the probe 2, whereby
the diameter of the probe 2 is made a little larger compared
with the embodiment shown in Fig.3, however, the center axis
of the supporting member 25 is the same as the center axis of
the hole for inserting a pipe as the 1ight guide tube 24, whereby

the hole of the supporting member 25 can be easily and



cause the first infrared sensor 10 to detect the thermal radiation from
the tenperature-neasured object and the light guide tube 15 so that the
thermal radiation fromthe light guide t@#8e 15 is not negligible.
Therefore the radiation clinical thernmometer of the present invention is
provided with the second infrared sensor

17 11 to detect the infrared radiation fromthe reference cavity 17,
which is held under the 'sane tenperature condition as the |ight guide tube
15, to reduce at an adequate proportion the output of the second infrared

sensor 11 fro QUL BUte; gk | LSl tiipfgrared sensor 10 which is
af fected by tﬁgkpgﬁpgﬁ'gt ggrlgasgl%at ﬁg F?gﬁ%%fgl}i de tube 15 to detect the

infrared radi ati ofpef#0Rat e ArYIRAI 3EHEBXNEASY 80O GE whildilapeadest tiwé
the tenperature effects of the |ight guide tube 15. The tenperature

conputing neaRsridred Q@RS INE ériPEsat BEomofthehet enpsiet it ¢ reavased ed
obj ect in accordance with the outputs fromthe first infrared sensor 10,
the second i nbbgeed ,semsverged by the 1light guide tube 24, however, detects
also the thermal radiation from the light guide tube 24 itself,
whereas the second infrared sensor 11 ‘detects the thermal
radiation from the reference davity 26 itself because the
top-end of the reference cavity 26 is sealed. In addition, the
second infrared sensor 11 is provided close to the first
infrared se;xsor 10 so as to have approximately the same
temperature as the first infrared sensor 10. The temperature
sensitive sensor 12 is a sensor which allows for measuring the
temperature of the first infrared sensor 10 and the second
infrared sensor 11. Therefore the temperature sensitive sensor
12 is preferably fixed to the bottom surface of the first
infrared éensor 10 or the second infrared sensor 11, for example,
by adhesive 12a. An adhesive of high thermal conductivity may
be preferably selected (for example, silicone of high thermal %
conductivity) for the adhesive l2a.
Furthermore, in this embodiment, the first infrared sensor
10 and the second infrared sensor 11 are sealed with the cover
21 which adheres the window member with low melting-point glass
to receive infrared radiation through the windows 22 and 23.
The windows 22 and 23 are made from barium fluoride (BaF,) or

silicon (Si) with anti-reflection coating (AR coating).

Nitrogen gas is sealed in the room enclosed with the cover 21



11, and the tenperature sensitive sensor 12, and displays the tenperature
on the display unit 14. Fig.3is a partially cut-out cross-section

vi ew showi ng the probe of the second enbadi nent of the radiation clinical
thernoneter in accordance with the present invention. The material of
the probe 2 is, for exanple, ABS resin, and the probe 2 is provided inside
with the Iight guide tube 18 and supporting nember 19. The |ight

gui de tube 18 is a pipe which is provided to efficiently converge the
thermal radiation fromthe eardrum the tenperature of which is to be
measured, made of netal such as.  coppe brass, ﬁgnless S t he

i nner surf acdo BFeWARERhS f&rﬁitr%‘b?r ]F‘i"ﬁ‘i §I?é‘€°§u}? Eéléi Elwjemtt| ﬁnggFEe Au)

to increase the reflectjivity. robe is provided on the top-end
thereof with agor 11 dr'on be*??t%ﬁ ﬂ transnission wavel engt h

characteristics. yfhe  flhLL EnéérgtWOﬁd%meﬁpggﬁtibﬁW Pdaii k5 aped

radi ati on,

clinical thermometer of this embodiment is the same as the first
embodiment shown in Fig.1l and, for this reason, an explanation
is omitted here. .
Fig.6 is a partially cut-out cross-section view showing
= the probe of the fourth emboaiment of the radiation clinical
.. thermometer in accordance with the present invention:
The material of the probe 2 is, for example, ABS resin,
and the probe 2 is provided inside with the light guide tube
24 and supporting member 27.
The light guide tube 24 is a pipe which is provided to
efficiently converge the thermal radiation from the eardrum
the temperature of which is to be measured, made' gf metal such

as copper, brass, or stainless steel, and the inner surface

of which is a mirror-finished surface coated with gold (Au)

to increase the reflectivity.

The probe 2 is provided on the top-end thereof with the
filter 7 having transmission wavelength characteristics. The
filter 7, a window member for transmitting infrared radiation,
is formed by optical crystal such as silicon (Si) or bar_ium
fluoride (BaF,), or a polymer such as polyethylene and has a
function of infrared-wavelength -selective transmission and
dust proof.

The supporting member 27, which is a member for supporting



I's formed by optical crystal such as silicon (Si) or barium fluoride
(BaF[err]), or a polynmer such as polyethylene and has a function of

i nfrared-wavel ength sel ective transm ssion2;and dust proof. In this :
enbodi ment, the filter 7 is provided not on the top-end of the |ight guide
tube 18 but on the top-end of the probe 2, so that the top-end of the

| ight guide tube 18 is not required to be cut diagonally. " The
supporting nmenber 19, which is a nmenber for supporting the |ight guide
tube 18 inside the probe 2, has t he shape shown in Fig.3 to formthe
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end thereof (ontheside of filter as to prevent Infrared radiation

fromcom ng i e biReni giepRraiaIr éoﬁaaétlﬁﬁs!t?bjﬁfé mahdetibhose WnbicH Ae,
outer wall of the light guide tube 18 constitutes a part of the reference

cavity 20, so fidmat ekhmplaneralvminwii. t Mher efefenerceawviawit0 28pwdHXxithdkes
the sanme tenperature as the inhner wall of the light ,guide tube 18. The
condi tion requmeditent wmpefisgen dhe mupportZhyg sembere2Gh aaldntbhe bhEexane
tenperature as the |ight guide
wall of the light guide tube 24,_____‘__§nd the reference cavity.28
is sealed at the one end thereof (on the side of filter 7) so
as to prevent infrared radiation from coming in from the
temperature-measured object. Additionally, the oufér wall of
the light guide tube 24 constitutes a part of the reference
cavity 28, so that the inner wall of the reference cavity 28
approximates the same temperature as the inner wall of the 1light
guide tube 24. The condition required for the referénce cavity
28 is to reach almost the same temperature as the light guide
tube 24 but is not always necessarily the same in material or
inner surface condition. Furthermore the reference cavity 28
is so constructed as to be tapered toward the filter 7 from
the second infrared sensor 11.

The first infrared sensor 10 is a sensor which detects the
infrared radiation, emitted from the temperature-measured
object, converged by the light guide tube 24, however, detects
also the thermal radiation from the 1light guide tube 24 itself,
whereas the second infrared sensor 11 detects the thermal

radiation from the reference cavity 28 itself because the

top-eﬁd of the reference cavity 28 is sealed. In addition, the




tube 18 but is not always necessarily the sanme in material or -

19 I nner surface condition. Furthernore the reference cavity 20 is
so constructed as to be tapered toward thesfilter 7 side fromthe second
i nfrared sensor 11 side. The first infrared sensor 10 is a sensor

whi ch detects the infrared radiation, emtted fromthe

t enper at ure- neasured object, converged by the |ight guide tube 18,
however, detects also the thermal radiation fromthe |ight guide tube 18
|t3_elf, wpereas the second infrared sensor 11 detects al so the thernmal

radi ation fromthe reference cavity 20 itself becayse_the .top-end_of the
referencg ga\ﬁiﬁt(‘y‘)@b Jr%fg%?_@d.seflﬁ"&d&iltijcﬁl,PFﬂglgggc&]r&anﬁoarté}&esgﬁ§8 11
is provided close to the first infrared sensor 10 V,

appr oxi mat el Y- HALES eSS PRl (7R 88 Shoe ﬁﬂ’g‘t 4 ﬁ’?%é{raz"gtt%é%go&io.sa?ﬁe
tenperature sensitive sens 12.] . ' |4l f.0 ' t he
tomper atre. OTRRFAYERS Hhhihs SaBE L FEIe TP 2O IO kelipRrEg

11. Therefore i he; { APIDYALYE1 860 o s5¥RsSENAPIch allows for measuring the

temperature of the first infrared sensor 10 and the second

infrared sensor 11. Therefore the temperat'ure sensitive sensor

12 is p_referably fixed to the bottom surface of the first
- infrared sensor 10 or the second infrared sensor 11, for example,
by adhesive ;Za. An adhesive of high thermal conductivi{:y may
be preferably selected (for example, silicone of high thermal
conductivity) as the adhesive 1l2a.

Furthermore, in this embodiment, unlikewise the
embodiment shown in Fig.5, the first infrared sensor 10 and
the second infrared sensor 11 are not built in one piece. That
is, the first infrared sensor 10. is covered with a cover 29

having a window 30; the second infrared sensor 11 is covered

with a cover 31 having a window 32; the covers 29 and 31 are

sealed with silicone of high thermal -conductivity; the windows
30 and 32 are made from barium fluoride (BaF,) or silicon (Si)
with anti-reflection coating (AR coating):; and nitrogen gas
is sealed in the room enclosed with the covers 29 and 31 to
prevent the first infrared sensor 10 and the second infrared
sensor 11 from being deteriorated. As long as the first infrared
sensor 10 and the second infrared sensor 11 have approximately .
the same temperature, the first infrared sensor 10 and the

second infrared sensor 11 are not necessarily made in one piece



12 is preferably fixed to the bottomsurface of the first infrared sensor
10 or the second infrared sensor 11, for exanple, by adhesive 12a. An
adhesive of high thermal conductivity nay 2be preferably selected (for
exanpl e, silicone of high thermal conductivity) as the adhesive 12a.
Furthernore the first infrared sensor 10 and the second infrared sensor 11
are arranged in parallel to each other across the center of the probe 2,
and the em ssion inlet 18a of the 1light guide tube 18 is positioned

approxi matel y at the center of the probe 2 and the em ssion outlet 18b is
posi tioned tovya flrst

I nfrared sensor tld“a}(/\here“badefh eﬁ’?’@%ﬁegu?la% ?I]J%% T[}ée %Qg% g Pifoﬁg‘& fir
di |1
this enbodi %8%@#%%#%&%%& SHe SeRUE trrared SRl AT iRy

sensor 11 are $gad&bit tHrGRVeicie lotiidy- ch adheres the wi ndow menmber W|th
|l ow el ting-point glass to receive infrared radi ation through the w ndows

22 and 23. It is to be understood that the operation of the radiation
clinical thermometer of this embodiment is the same as the first
embodiment shown in Fig.l and, thereforé, an explanation is
omitted here.

Fig.7 is a partially cut-out cross-section view showing

the probe of the f£ifth embodiment of the radiation clinical
thermometer in accordance with the present invention:

The material of the probe 2 is, for example, ABS resin,
and the probe 2 is provided inside with the supporting member
33. |

The supporting member 33 is provided on the top-end thereof
with the filter 7 having transmission wavelength
characteristics. The filter 7, a window member for
transmitting infrared radiation, is formed by optical crystal
such as silicon (Si) or barium fluoride (BaF,), or a polymer
such as polyethylene and has a function of infrared-wavelength
selective transmission and dust proof.

The supporting member 33 has the shape shown in Fig.7 so
as to form the light guide hole 34 which serves as the li_ght
guide tube 8 shown in Fig.ll and so as to form the reference
cavity 35 which serves as the light guide tube 9 shown in Fig.11.
The material of the supporting member 33 is, for example,

aluminum or plastic and, in the case of plastic, one of high



The windows 22 and 23 are made from barium fluoride (BaF2) or silicon (Si)
with anti-reflection coating (AR coating). N trogen gas is sealed in the
room enclosed with the cover 21 to prevenesthe first infrared sensor 10
and the second infrared sensor 11 from being deteriorated. It isto
be understood that the operation of the radiation clinical thernonmeter of
this enbodiment is the same as the first enbodiment shown in Fig.1 and,
for this reason, an explanation is omtted here. Fig.4 (a) is a
cross-section view showing the radiation «clinical thernmonmeter, cut in a

ross- sect 2
on' Tine A& oiemy R ivEly by 3b%ee%?%ﬁre??ixf?s%%%%%h"P?ﬁ'ee%ntsir?

Fig.3; and 0, kep

cach Cross séé%ﬁ%iﬁa% Bl ine RSt YA 38 Hp i o ‘fm“lss&lfp%wace
menber 19, anctddted Qfl&'lﬁ@%quQKht)Ytgolfi‘éfeaéélﬁﬁér:@ﬂqect Vi a{ %rggtbe
clearly understood that the outer wal t he 1 ght gui be

constitutes a s suaffaicdeewithejoVéd) Inleikel may be coated before gold to the
21 original surface, or gold may be directly deposited on the
plastic surface. The reference cavity 35.is sealed at the one
end thereof (on the side of filter 7) so as to prevent infrared

radiation from coming in from the temperature-measured ob ject.

Additionallx, the reference cavity 35 is provided close to the
light guide hole 34 so as to have approximately the same
temperature as the 1light guide hole 34. The condition required
for the reference cavity 35 is to reach approximately the same
temperature as the light guide hole 34 but is not always
necessarily the same in material or inner surface condition.
Furthermore the reference cavity 35 is so constructed as to

be tapered toward the filter 7 from the second infrared sensor

11.

The first infrared sensor 10 is a sensor which detects the
infrared radiation, emitted from the temperature-measured
object, converged by the light guide hole 34, however, detects
also the thermal radiation from the light guide hole 34 itself ’
whereas the second infrared sensor 11 detects the thermal
radiation from the reference cavity 35 itself because the
top-end of the reférence cavity 35 is sealed. In addition, the
second infrared sensor 11 is provided close to the first

infrared sensor 10 so as to have approximately the same



the reference cavity 20 and the reference cavity 20 is tapered toward the
filter 7 fromthe first infrared sensor 10. Fig.5is a partially
cut-out cross-section view showing the pr#e of the third enbodi nent of
the radiation clinical thernonmeter in accordance with the present

i nvention. The material of the probe 2 is, for exanple, ABS resin, and the
probe 2 is provided inside the sanme with the Iight guide tube 24 and

supporting nmenber 25. The light guide tube 24 is a pipe which is
provi ded to efficiently converge the thermal radiation fromthe eardrum
the tenperat Uft% 5% 1:?3@514{&%::%@%%%3’ Tr"%a' ﬁﬁ&c{‘emﬁ‘érSQBPSr
brass, or stainli ss ste I nner ‘surface

m rror-fini shedngykk: %eséﬁ%fdlWltshag&lr%éli@%}uchoalmgqﬁ?r lmB&suring the
reflectivity. The probe 2 is provided on the top-end thereof wth the
filter 7 havi kgmpeaRtiiresiorn tidy &l ieRgt Nt Kd eddiddesio Tavea £hét 8écdnaa
w ndow nenber for transmtting infrared radiation, is fornmed by optical

crystal such dasfsiaedosersoy 1ar. Phereboré [the tempéBathee sensidrive pehygorr

such as pol yethyl ene and has the infrared-wavel ength sel ective

transmi ssi on d2d idugirefexdbly ufitkédnto the bottom surface of the first
infrared sensor 10 or the second infrared s‘ensor 11, for example,
by adhesive 12a. An adhesive of high thermal conductivity may

be preferably selected (for example, silicone of high thermal

By

conductivity) as the adhesive 1l2a.

It is to be understood that the operation of the radiation
clinical thermometer of this embodiment is the same as the first
embodiment shown in Fig.l and, therefore, an explanation is
omitted here.

Fig.8 is a partially cut-out cross-section view showing
the probe of the sixth embodimep‘tl;’ of the radiation clinical
thermometer in accordance with the present invention:

The material of the probe 2 is, for example, ABS resin,
and the probe 2 is provided inside with the supporting member %
36.

The supporting member 36 is provided on the top-~end thereof
with the filter 7 having transmission wavelength
characteristics. The filter 7, a window member for
transmitting infrared radiation, is formed by optical crystal
such as silicon (Si) or barium fluoride (BaF,), or a polymer
such as polyethylene and has a function of infrared-wavelength

selective transmission and dust proof.



The supporting menber 25, which is a menber for supporting the |ight guide
tube 24 inside the probe 2, has the shape shown in Fig.5 to formthe
reference cavity 26 which serves as the |#yht guide tube 9 in Fig.11. The
supporting nmenber 25 is a nenber of high thermal conductivity, the

mat erial of which is, _ _ 22 fop
exanpl e, alum num The reference cavity 26 of this enbodi ment conprises
the supporting nmenber 25 and the outer wall of the Iight guide tube 24,
and the reference cavity 26 is sealed at the one end thereof (on the side

[ j - L ati com Jdn_fromthe
Cemper at ur o) measurey aoppetting RemBez(sbag! Lo8 <A WAL alFuboH, 50

gui de tube 24 LORY Fbvinethad DAt Yuide HAELHRINGE & tlﬁgﬁﬁe gaaatehﬁ&ahge
inner wall of the reference cavity 26 is to approxinmate the Sane

t enper at ure awHilth iseieesvakl thé 1idiet [duitde auibde st #h6wr4in Tig .GONdh 88
required for the reference cavity 26 is to reach alnost the sane
tenperature & ttoe forghthgurdfeteahee2dabityi 38 MiiicH Warsrdiea@sSEAL! LY ghke
guide tube 9 shown in Fig.l1ll. The material of the supporting
member 36 is, for example, aluminum or pla‘étic and, in the case
e of plastic, one of high thermal conductivity may be bPreferably
selected. The inner surface of the light guide hole 37 is a
mirror-finished surface coated with gold (Au) to increase the |
reflectivity. To treat the surface with gold, 'hickt___al may be
coated before gold to the original surface, or gold may be
directly deposited on the plastic surface. The reference
cavity 38 is sealed at the one end thereof (on the side of filter
7) so as to prevent infrared radiation from coming in from the
temperature-measured object. Additionally, the reference
cavity 38 is provided close to thé light guide hole 37 so as
to have approximately the same temperature as the light gﬁide
hole 37. The condition required for the reference cavity 38
is to reach approximately the same temperature as the light
guide hole 37 but is not always necessarily the same in material
or inner surface condition. Furthermore the reference cavity
38 is so constructed as to be tapered toward the filter 7 side
from .the second infrared sensor 11 side.
-Ad'ditionally, in this embodiment, the light guide hole 37
is so constructed as to be tapered toward the filter 7 from

the first infrared sensor 10. It may be considered reasonable



sanme in material or inner surface condition. Furthernore the reference
cavity 26 is so constructed as to be tapered toward the filter 7 side from
the second infrared sensor 11 side. ™i s enmbodi nent, as is understood
by conparing Fig.3 with Fig.5, is characterized in that the |ight guide
tube 24 is provided perpendicular to the filter 7 and the first infrared
sensor 10. That is, the first infrared sensor 10 is positioned on.the
center line of the probe 2 and the |ight guide tube 24 is positioned al ong
the center line of the probe 2, whereby the dianeter of the probe 2 is

made a |ittled|gro8r QTRAERssbhNihNEL CRBL It HEN n£H&MEG | Fadi &t Bon NEMEN T,
t

the center axis o e supporting nenber 25 is the sane as the center axis

of the hole gk itRpperbttra-Rel@uded b jddhicdiddle thediamber esrgy he
hol e of the supporting nenber 25 can be easily and

23 accukatehyeli by Yrds by seuinfrdred sensBrel0itrs tecrbaare cheweser, 10

is a sensor which detects the infrared radiation, emtted fromthe

t enper at ur e- nehsuriddident energy is never made small according to this
embodiment. This is explained below.

When the 1light guide hole 37 becomes émaller, the infrared
radiation from the temperature-measured object reaches the
infrared sensor 10 by reflecting more frequently inside the
light guide hole 37, and thus the incident energy is attenuated.
In this embodiment, however, the reflective coefficient of the
light guide hole 37 is made extremely close to 1, whereby an
increase in the number of reflection inside the light guide
hole 37 may not cause attenuation due to reflection to develop.
Additionally, in the case where the inner surface of the light
guide hole 37 is a perfect reflector, the incident energy to
be i‘eceived by the first infrared sensor depends on the size
of the emission outlet of the light guide hole 37 which
determines the view of the infrared sensor. Generally %
narrowing the view tends to result in a decrease in the incident
energy. As shown in Fig.8, the incident energy never decreases
unless the emission outlet of the light guide hole 37 is made
smaller, and thus sensitivity is never deteriorated.

Turning to Fig.8, the first infrared sensor 10 is a sensor
which detects the infrared radiation, emitted from the
temperature-measured object, converged by the light guide hole

37, however, detects also the thermal radiation from the light



obj ect, converged by the |ight guide tube 24, however, detects also the
thermal radiation fromthe light guide tube 24 itself, whereas the second
infrared sensor 11 detects the thernmal radzation fromthe reference cavity
26 itself because the top-end of the reference cavity 26 is sealed. In
addition, the second infrared sensor 11 is provided close to the first

i nfrared sensor 10 so as to have approximtely the sane tenperature as the
first infrared sensor 10. The tenperature sensitive sensor 12 is a sensor
which allows for neasuring the tenperature of the first infrared sensor 10
and the second jnfrared sensor 11. Therefore the tenperature sensitive
sensor 12 is Sb‘i”e‘feertéfb]r%/ 1 ¥dPlf + mrRaD ke seses b nErared sensioxt ddr ed

sensor 10 or the second i nfrared, sensor adhesi,ve 12a.

| b .
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Furthernore, int ared sensor an

second infrareg, sa%mi&it,l e SeRbad Y."%ﬁ:‘?ai‘@ﬁ SON86r PiL DGl AYMY &5 okle

wi ndow nenber with low nelting-point glass to receive infrared radiation

through the wifslowse 22 s @ rardie sUi¥NG 2223¢ 13 AhYeTREBrbkImaRaniyum
fluoride (BaF2) or silicon (Si) with anti-reflection coating (AR coating).
Ni trogen gas itheesamd tempBeataes ascltbeedindth infram@rsédsor 10. The
temperature sensitive sensor 12 is a sensor which allows for
= measuring the temperature of the first infrared sensor 10 and
R the second infrared sensor 11. Therefore the temperature
sensitive sensor 12 is preferably fixed to the bottom surface
of the first infrared sensor 16 or the second infrared sensor
11, for example, by adhesive 12a. An adhesive of high thermal
conductivity may be preferably selected (for_f example, silicone
of high thermal conductivity) as the adhesive 12a.

It is to.be understood that the operation of the radiation
clinical thermometer of this embodiment is t_he same as the first
embodiment shown in Fig.l and, therefore, an explanation is

5, omitted here.

In this embodiment, in the case where the supporting member
36 is provided with the light guide hole 37, the light guide
hole 37 is so constructed as to be tapered toward the fil1':§r
7 side from the first infrared sensor 10 side, to which the
present invention is not limited, in the case where a light
guide tube is used, the light guide tube may be so constructed
as to.be tapered toward the filter 7 side from the first infrared

sensor 10 side. In this case, the light guide tube may be made



24 to prevent the first infrared sensor 10 and the second infrared
sensor 11 from being deteriorated. It s to be understood that the
operation of the radiation clinical t her mBfeter of this enmbodinent is the
same as the first enbodinent showmn in Fig.1 and, for this reason, an
explanation is omtted here. Fig.6 is a partially cut-out
cross-section view show ng the probe of the fourth enbodi nent of the
radiation clinical thernoneter in accordance with the present invention;
The material of the probe 2 is, for exanple, ABS resin, and the probe 2 is

provi ded i nsi deroth e tidlestcBhds Bopied Ubeasg) @NGtaipIess BgedR)DEfd Al so
The light guide tube 24 is a pipe which is provided to efficiently
converge the tfiesnraplasatiat aen ofthen it eadiralr by démod ey agold oh W ch
is to be neasured, made of nmetal such as copper, brass, or stainless
steel, and t heplasietc sUrfmbavisfg whircrkr suafacerand fihens feymingf aceoneaifed
with gold (Au)

the film to use the cone as the light guide tube.

Furthermore, in this embodiment, both the reference cavity
38 and the light guide hole 37 are so constructed as td be
tapered toward the filter 7 side from the first infrared sensor

10 or the second infrared 'hs'"ensor 11, to which the present

invention is not limited, however, only the light guide hole
37 may be s;) constructed as to be tapered toward the filter
7 from the first infrared sensor 10.

Each embodiment explained above is an example wherein the

reference cavity of the supporting member is formed by
die-casting, to which the present invention is not limited,
the reference cavity may be formed by cutting. In this case
the reference cavity is not always necessarily to be tapered
continuously smooth but it is sufficient that the area of the
emission inlet is smaller than the area of the emission outlet. %
For example, as shown in Fig.9, the supporting member 39 may
be tapered stepwise when the reference cavity 40 is formed.
Even in this case, it still remains unchanged that the reference
cavity 40 is so constructed as to be tapered off toward the
emission inlet of the 1light guide means from the second infrared
sensor side.

TECHNICAL AVAILABILITY OF THE INVENTION

The present invention is disclosed for a radiation clinical



to increase the reflectivity. The probe 2 is provided o -
thereof with the filter 7 having transm ssion wavel ength ch;m‘iﬁﬂlﬁ“jﬂﬂl“l“l
The filter 7, a wi ndow nenber for transm’f’?ing i nfrared radi L s
formed by optical crystal such as silicon (Si) or barium fluoride (BaF2),

or a polymer such as pol yethylene and has a function of

I nfrared-wavel ength sel ective transm ssion and dust proof. The
supporting menber 27, which is a nmenber for supporting
25 the Iight guide tube 24 inside the probe 2, has the shape shown

in Fig.6 to formthe reference cavjgar 36 i cimEermMes as the |ight guide
tube 9 in Fig.1l1. The supporting nmenber 27 is a nenber of high thernal

conductivity, the material of which is, for exanple, alumnum The
reference cavity 28 of this enbodi nent conprises the supporting nenber 27
and the outer 1walA reidihddn ghfngoadethetmorRdt en g sigfeachight gaide
28 is sealed at the one end thereof (on the side of filter 7) so
means which is provided with an emission inlet and an emission
outlet to guide the infrared radiation from the
temperature-measured object; a first infrared sensor for
detecting the infrared radiation from the light guide means;
a temperature sensitive sensor which generates a reference
temperature signal; a reference cavity which indicates
approximately the same temperature condition as said light
guide means and is seéled so as to shut out infrared radiation
from outside, a second infrared sensor for detecting the
infrared radiation from the reference cavity: a temperature
computing means for calculating temperature in accordance with
_the ] signals from said fi_rsf infrared sensor, said second
infrared sensor, and said temperature sensitive sensor; and
a display unit for displaying temperature in accordance with
fhe signal from the temperature computing means; wherein the @
probe is provided on the inside thereof with said light guide
means and said refereﬁce cavity, at least either said light
guide means or said reference cavity is tapered off toward the
emission inlet from said first or second infrared sensor side.
2. The radiation clinical thermometer set forth in claim 1
characterized in that said lighf guide means comprises a pipe

and said reference cavity comprises a supporting member which

supports said pipe.
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as to prevent infrared radiation fromcomng in fromthe

t enper at ur e- neasured object. Additionally, the outer wall H“‘“HH'““HH“““|“|
gui de tube 24 constitutes a part of the reférence cavity 28 so tthat*

inner wall of the reference cavity 28 approxi nates the sane terrperature as
the inner wall of the light guide tube 24. The condition required for the
reference cavity 28 is to reach alnost the sane tenperature as the |ight
guide tube 24 but is not always necessarily the sane in material or inner
surface condition. Furthernore the reference cavity 28 is so construct ed

h d_ i nf
The Tirst i nirar od barka b od lulhehf TneafoRftatiade a”f‘*hfse”d .
d :
| Toht gui do- 1 upeeoaC tRENEVE P JRECPHAR RIS (A 0 el oGRRYTRART %yn%%e
light guide tupgg%hid §8£‘Eren$@%£f’§t§ BSmpegead tHd Bﬁ”t‘é‘:} ﬁ&i‘f?ff é&lﬂﬁ;ﬁfé S

the thermal radiation fromthe reference cavity 28 itselt because t

égp end of theaf@f eh&Nsappa¥tiNgRembeseahedn Eﬁpﬁdﬁtklgaldtbipe.

4. The radiation clinical thermometer set forth in claim 2
or 3 characterized in that said support&ng member comprisés
a member of high thermal conductivity.

. 5. The radiation clinical thermometer set forth in claim 4
characterized in that said member of high thermal conductivity
is made of aluminum.

6. The radiation clinicai thermometer set forth in claim 2
or 3 characterized in that said first infrared sensor and said
second infrared sensor are arranged in parallel to each other
across the center of said probe, and the emission inlet of said
pipe are positioned approximately at the center of said probe

and the emission outlet is positioned toward said first

infrared sensor, Whereby the pipe is ﬁositioned diagonally

against the center line of said probe.

7. The radiation clinical thermometer set forth in claim 2
or 3 characterized in that said first infrared sensor is
positioned on the center line of said probe and said pipe is
positioned along said center line.

8. The radiation clinical thermometer set forth in claim 1
dharacte_rized in that sdid light guide means and §a'fi_d ref_e_?rence ‘
* cavity are formed into the same member'iﬁ-one'biecé;ﬁi-.

9. The radiation clinical thermometer set forth in any ohe ' - .
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second infrared sensor 11 is provided close to the first | I .
10 so as to have approxinmately the sanme tenperature as th ’]wﬂﬂmgﬂﬂaﬂeﬂtﬂll _
sensor 10. The tenperature sensitive senddr 12 is a sensor Lal m * :
for neasuring the tenperature of the first infrared sensor 10 and the

second infrared sensor 11. Therefore the tenperature sensitive sensor 12

Is preferably fixed to the bottom surface of the first infrared sensor 10

or the second infrared sensor 11, for exanple, by adhesive 12a. An

adhesive of high thermal conductivity nmay be preferably selected (for

exanpl e, siligpneigfimdi gh thergBénhasaBtlbei z¥dt Yh ahdthesadbesiaenpekture

Furt her nore, in this enbodinent, wunlikew se the enbodinent shown in
Fig.5, the figshsibivarsashsanseradierad tot tite dotaoth suffacedssasdrfidstare

not built in one piece. That 1is, the first infrared sensor 10 is covered

with a cover 2Afrasgdngeasovrndowséopnthdénseared sehsaredysadbesive.is

covered wth a cover 31 having a w ndow 32; the covers 29 and 31 are

seal ed with siDicBne vadhaghonheiinicabnthernoneer: set ferbisin NERNS2

are made from bariumfluoride (BaF2) or siljcon (Si with anti-reflection
coating (AR coft thgimsandtai 8r sheragierizedsdgy ddhath & eI RERR S ebP%i t h

the covers 29 and 31 to revent the fjrst infrar ensor_.10 _and the
second i nf rarggansmit1:ingp:i_nfrared racjliat:ll.on rls %ﬁgeﬁ po salchro e SO as

to seal the emission inlet of said light guide means.

11. The radiation clinical.thermometer set forth in claim 2
or 3 characterized in that a window member for transmitting
infrared raéiation is fitted to said pipe so as to seal the
emission inlet of said light guide means.

12; Thé radiation clinical thermometer set forth in claim 2
or 3 characterized in that a window member for transmitting
infrared radiation is fitted to said supporting member so as

.to seal the emission inlet of said light guide means.
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sensor 11 frombeing deteriorated. As long as the first infrared sensor 10
and the second infrared sensor 11 have approximtely the sane tenperature,
the first infrared sensor 10 and the secdfd infrared sensor 11 are not
necessarily nmade in one piece 27

but may be nmade separate, and also the angles of the first infrared sensor
10 and the second infrared sensor 11 may be different fromeach ot her.

It is to be understood that the operation of the radiation clinical

t hermoneter of this enbodinment is the same as the first enbodi nent shown
in Fig.1 and, therefore, an explanati ompng$prptted here. Fig.7 is a
partially cut-out cross-section view showing the probe of the fifth

enbodi nent of the radiation clinical thernmonmeter in accordance with the
present invention; The material of the probe 2 is, for exanple, ABS
resin, and the prlode Padbapiawi dellinhcalle thétméhetsoppef t i tige Nepiesent33.

invention is _provided with a light guide tube 15 to guide the
infrared radiation from the temperature-measured object, a
first infrared sensor 10 for detecting the infrared radiation
from the light guide tube 15, a temperature sensitive sensor

12 which generates a reference temperature signal, a reference

cavity 17 which has approximately the same temperature
condition as the light guide tube 15 and is sealed so as to
shut out infrared radiation from outside, a second infrared
sensor 11 for detecting the inffar{ed. radiation from tﬁé
reference cavity 17, a temperature computing means 13 for
calculating temperature in accordance with the signals from
the first infrared sensor 10 and thé second infrared sensor
11, and temperature sensitive sensor 12, and a display j.jinit
- 14 for displaying température in accordance with the signal

from the temperature compu'ifing means 13; and at least either

the light guide tube 15 or the reference cavity 17 is tapered
off toward the emission inlet of the light guide tube 15 from-

the first or second infrared sensor 10 or 11 side.

A '|17- : ’ ?



The supporting nenber 33 is prOV|ded on the t
fi.l ter 7 having transm ssion wavel engt h Miﬁ' !"m ;%W"}
7; a wi ndow nmenber for transmtting infrared med by 97
optical crystal such as silicon (Si) or barlwﬂfluorlde (BaF[err]), or “m
pol ymer such as pol yet hyl ene and has 35 function of infrared-wavel ength

sel ective transm ssion and dust proof. The supporting nmenber 33 has

the shape shown in Fig.7 so as to formthe |ight guide hole 34 which

serves asLAims!ight guide tube 8 shown in Fig.11 and so as to formthe
reference cavity 35 which serves as the |ight guide tube 9 shown in

Fig.11. The material of the supporting nenber 33 is, for exanple,

al um numor plastic and, in the case of plastic, one of high

28 thermal conductivity nmay be preferably selected. The
i nner gurf aﬁerealaefohl emnﬂeaﬂetﬂekﬁoﬁété:% Bolfibii9k nil i shed
surface coated with gold (Au) to increase the reflectivity. To

treat Dxobe; a 1%9btsﬂuideemaﬁnﬁ yhidh hsckrpvidedbwitbasademdssiongol d

to the inlet and an emission outlet to guide the infrared radiation

from the temperature-measured object; a first infrared sensor
for detecting the infrared radiation from the light guide means;
a temperature sensitive sensor which generates a reference
temperature signal; a reference cavity which indicates
approximately the ‘same temperature condition as said light guide
means and is sealed so as to shut out infrared radiation from
outside; a second infrared sensor for detecting the infrared
radiation from the reference cavity; a temperature computing
means for calculating temperature in accordance with the signals
from said first infrared sensor, said second infrared sensor,
and said temperature sensitive sensor; and a display unit for
displaying temperature in accordance with the signal from the
temperature computing means; wherein the probe is provided on
the ingide thereof with said light guide means and said
.reference cavity, at least either said light guide means or said
reference cavity being tapered off toward the‘emission inlet

from said firat or second infrared sensor side.

2. The radiation clinical thermometer set forth in
claim 1 characterized in that said light guide means comprises a

pipe and said reference cavity comprises a supporting member
REPLACEMENT SHEET
{ & APR 2000

which also supports said pipe.
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ori ginal surface, or gold may be.di i t ed{BBDE enT SHEET
pl astic surface. The reference Fllmﬂmilwﬂigmgmed BE GEML&_E____
end thereof (on the side of fil 5 st 0z prev ntl infra ﬁdlﬁlm
radi ation fromcomng in fromthe tenperature-neasuned dbﬂeé%:
Additionally, the reference cavity 35 i; provi ded cljogde to_the
| i ght guide hole 34 so as to have appro Pnately t he lsanme
tenperature as the |ight guide hole 34. The conditi [ 2GH—+-06
for the reference cavity 35 is to reach approxinmately the sanme
tenperature as the, | i ghjy, gulges ol &, 3 BcdS IRLrbelS: ot forth in
necessarily the sa I nmaterial or inner surface condition.
Fur't her rexgid he dreleienes cayity 3Rt ssol dogtt (@wiiste aeeans comprises ape
tapered toward the filter 7 fromthe second jnfrq{ed )

e

.4 11.
The fir SRiReand RRADHELFCIINTS CRLHE FOWR IS Sdtin QR wall of said

infrare | gt Wb Gk { h MdrtSet QRRESIR HihdERs Us£Ld pipe.
obj ect, d%%e%ded ey%tilil%él i ghté)gui de hol e 34, ﬁl'?wever, detects

al so the thermel radiatpgn F8Mtiey! SOiki Gl debahonsder 56t forth in

whereas the second Iinfrared sensor 11 detects the thernal ]
radi at i ogléi@ne t dearafecehred cini tliB5said edippeching newber is made of

top-end of the reference cavity 35 is sealed. In addition, the
second iﬁfm%F%Hlé%hgbghiﬁlaE %Emﬁtdc%? R Re first _
infrared sensor 105§o a%héorggggtgggrgfiﬂ?ég ytﬁggmgggger gset forth in

‘claim 4 characterized in that said member of high thermal

conductivity is made of aluminum.

6. The radiation clinical thermometer set forth in
claim 2 characterized in that said first infrared sensor and
said second infrared sensor are arranged in parallel to each
other across the center of said probe, and the emission inlet of
said pipe is positioned approximately at the center of said
probe and the emission inlet is pogitioned toward said first
infrared sensor, whereby the pipe is positioned diagonally

against the center line of said probe.

7. , The radiation clinical thermometer set forth in
claim 2 characterized in that said first infrared sensor is
positioned on the center line of said probe and said pilpe is

positioned along said center line.

8. The radiation clinical thermometer set forth in
claim 1 characterized in that said light guide wmeans and said

reference cavity are formed into the same member in one piece.

9. The radiation clinical thermometer set forth in_
claim 1 charactexrized in that said temperature sensitive sensor
is adhered to the bottom surface of said first infrared sensor

or second infrared sensor by an adhesive.
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29 tenperature as the first infrared sensor 10. The t
sensitive sensor 12 is a sensor which allows for nmeasuring mmmmw‘l“mn
of the first infrared sensor 10 and the second infrared sensor

Therefore the tenperature sensitive sensor 12 is preferably fixed to the
bottom surface of the first infrared segsor 10 or the second infrared

sensor 11, for exanple, by adhesive 12a. An adhesive of high thernal
conductivity may be preferably selected (for exanple, silicone of high

t her mal conductivity) as the adhesive 12a. It is to be understood
that the operation radi ion cl.i.ni.cal thernDneter of 1 .
enbodi nent i s the & &Slet ﬁ@ é:r}ﬁgdt r?’éhtthseﬂ:&ﬁn S5 i Se'::Lr]éon%d:,h A

theref or %,1a%'quri%tdt@hlz‘éd qm fttred: herndow mehid®i8 fick axEardnialding
cut-out cross-section view show n éaathe probe of the sixth enbodinegt of

the radi dnfomued magdiat iome difof Eedidd FFEPnith dhdDriadhtt
I nventi on;nB_t%%gan S 1R & ?aﬁf légqmo@ggﬁ]ez neand Or exanple, ABS resin,

and the provi I'nsi e supporting menber
11. The radiation clinical thermometer set forth in

claim 2 characterized in that a window member for transmitting
infrared radiation is fitted to said pipe so as to seal the

emission inlet of said light guide means.

12. The radiation clinical thermometer Set forth in
claim 2 characterized in that a window member for transwitting
infrared radiation is fitted to said supporting member so as tO

seal the emission inlet of said light guide means.
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36. The supporting nenber 36 is provided on the top-end thereof wth
the filter 7 having transm ssion wavelength characteristics. The
filter 7, a window nenber for transmtting infrared radiation, is forned
by optical crystal such as silicon (Si) or bariumfluoride (BaF[err]), or
a polynmer such as polyethylene and has a function of infrared-mavelength '
~sel ective transm ssion and dust. proof. _
30 The supporting menber 36 has the shape shown in Fig.8 so as
to formthe light guide hole 37 as the a |light guide nmeans which serves as
~the light guide tube 8 shown in Fig.11l and so .as to formthe reference
cavity 38.which serves as the |ight gui de t ube 9 shown in Fig.11. The
materi al of the supporting menber 36 is, for exanple, alumi num or plastic
and, in the case of plastic, one of hlgh t hermal conductivity may be
Wpreferably' sel ected: The inner. surface of the light guide hole 37 is a
nlrror flnlshed surface coated w th gold (Au) qo |ncrease the_ '
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reflectivity. To treat the surface with gold, nickel may be . coated before
gold to the original surface, or gold may be directly deposited on the
plastic surface. The reference cavity 38 is sealed at the one end thereof
(on the side of filter 7) so as to prevent infrared radiation from com ng
~in fromthe tenperature-mnmeasured object. Additionally, the reference
cavity 38 is provided close to the light guide hole 37 so as to have
approxi mately the same tenperature as the Iight QUIde hol'e 37. The
condition required for the reference cavity 38 is to reach approxi mately
the sane tenperature as. ‘the I'ight “guide hole 37 but is not always
necessarily the sanme in naterial -or inner surface condition. Furthernore
the reference caV|ty 38 i's so constructed as to be tapered toward t he

filter 7 side _frontthe second i nfrar edesensor 11 si de. Addi tional |y,
in this enmbodi ment, the light guide hol ¢ 37 " i's so constructed as to be
tapered. toward-t he fllter ya fro { sensor 10. It nay be
consi dered reasonable . . . ' —— — ci\
: N
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that a small em'ssion inlet for the infrared radiation from the

t enper at ur e- neasur ed obj ect causes the incident energy received by the
first infrared sensor 10 to decrease, however, the incident energy is
never made small according to this enbodinent. This is explained bel ow.
When the light guide hole 37 becones smaller, the infrared radiation fron1.
t he tenperature measur ed. obj ect Teaches the infrared sensor 10 by ' '

reflecting nore frequently inside the | i ght gui de hole 37, and thus the
~ incident energy is attenuated. In thi s enbodi nent, however, the reflective
'-coeff|0|ent of the Ilght ‘gui de ‘hol-e 37 is made: extrenely close to 1,

wher eby .an. i'ncrease . in the nunber of reflection i nside the. light QUIde
hol e 37 may not cause attenuation due to reflection to .devel op.- .
Additional ly, in the case where the inner surface of the |ight gU|de hol e
37 is a perfect reflector, ‘the incident energy to. be recéived by the first
infrared sensor . depends: on the size of the em ssion outlet of the Ilght.,

- gui'de-hol'e 37. ‘which - determ nes t he vi ew of . tﬂL infrared sensor. GCenerally -
narrowi ng.the view tends to result in a decre &gl N the incident energy.
~As shown in Fig.8, the .incident ener gy newer d CNea®ds ugbess the em ssion
- outlet of the Fight QUIde hol e 37 is madé\ snapr—r Tand: t us’ senS|t|V|ty is

 never:. deterlorated c- Turning to Fig.8Jthe fjrst infr red sensor- 10 i's ¢5: 
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whi ch detects the infrared radiation, enitted fromthe
t enper at ur e- neasur ed obj ect, converged by the |Iight guide hole 37,
however, detects also the thermal radiation fromthe |ight

32 gui de hole 37 itself, whereas the second infrared sensor 11
. detects the thermal radiation fromthe reference cavity 38 itself because
‘the top-end of:the reference cavity 38 is sealed. |In addition, the second

infrared sensor 11 is provided close to the first infrared sensor 10 so as

to have approximately the sanme tenperature as the first infrared sensor
10. - The tenperature sensitive sensor 12 is a sensor which.allows far .
‘measuring the tenperature of the first-infrared sensor 10 and -the second.
i nfrared _sensor(FilG TE&r fore the tenperature sensitive sensor 12 is"
preferably fixe at ottomsurface of the first infrared sensor 10 or
the second infrared sensor 11, for. exanple, by adhesive 12a. An adhesive
of high thernal - conductivity may.be preferably selected (for - exanple,
" silicone of high thermal conductivit as,{ he adlgpive 12a.

19
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It is to be understood that the operation of the radiation clinical
thernoneter of this enbodinent is the sane as the first enbodi nent shown
in Fig.1l and, therefore, an explanation i.s omtted here. In this
enbodi nent, in the case where the supporting nenber 36 is provided with
the |ight QUIde hole 37, the light guide hole 37 is so constructed as to
_be tapered toward the. fllter .7 side fromthe first infrared sensor 10
side, to which the present i nvention is not I|n1ted in the case where a
Jrght gui de tube is used, the light guide tube may be so constructed as
to.be t.apered. tomard 't he. fllter 7 side fromthe first infrared 'sensor 10
side.’ In this case; “the |ight QUIde tube may. be nade ' o

33 © - . fromnetal such.as copper, brass, or stainless steel and al so
fronlplastlc as other material by dep03|t|ng gold on to a plastlc film
~having mirror-surface and. then foriming a cone of the filmto use the cone
.as the Light QUIde tube .- Furthernore, in-this enbodiment, both the

. ref efence cavity. T PR
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38 and the light guide hole 37 are so constructed as to be tapered toward
the filter 7 side fromthe first. infrared sensor 10 or the second infrared
sensor 11, to which the present invention is not limted, however, only
the light guide hole 37 may be so constructed as to be tapered toward the
filter 7 fromthe first infrared sensor 10. Each enbodi nent expl ai ned
~above is an exanple wheréin the reference cavrty of the supporting nenber_
“is formed by die-casting, to which the present invention is not linited,
the reference cavity may be formed by cutting. In this case the reference
cavity is-not always necessarily to-be tapered continuously snmooth but it
~is sufficient that the’ ‘area of the emssion.inlet is small er than the area
~of the enission outlet. . For. exanpl e,. as shown in Fig.9, the supportlng _
menber 39 may be tapered stepmnse when the.reference cavity 40 is forned.

- Even'in'this case, it still remains unchanged that the reference ‘cavity 40
. i.'s so constructed as to be tapered off toward the enission |nIet of the
light QUIde nmeans fromthe second.infrared -sensor side.

TECHNI CAL AVAI LABI LI TY OF THE | NVENTI ON The present |nvent|on S
di scl osed for a radiation clinical e o = o )
3 AVANNNANAY N \L\I\EjE
g e s .-'-_._-, R 7" 7= .
N N \
%
N N
N TN
— T\ |
o2 N % N
R \ [ ._V )
N \
X I N
:N I /1
o (Y =
A i % e~
~ (IR
| N1l -
o 111 ~
| “ .
o li 1 ~
. o~ 1 '
-t
- N
S |

___+5.:LL

FIG. 6

 GENTER LINE OF PROBE



35 CLAI M 1. A radiation clinical thernoneter conprising a
probe; a light guide nmeans which i's provided with an em ssion inlet and an
em ssion outlet to guide the infrared radiation fromthe

tenperat ure-nmeasured object; a first infrared sensor for detecting the
infrared radiation fromthe |ight guide neans; a tenperature sensitive

- sensor which generates a reference. tenperature signal; a reference cavity
whi ch indi cates apprOX|nater t he sanme tenperature condi tion as said I'i ght
gui de neans and is sealed so as to shut out infrared radiation from

- outside; a second infrared sensor. for detecting the infrared radiation from
- the reference cavity; ‘a tenperature conputlng means for calcul ating '
“tenperature in agopihdange with the signals fromsaid first infrared sensor
sai d second |nfr¥agg sefisor, and said tenperature sensitive sensor; and a
~display unit for playlng tenperature in accordance with the S|gnal from
the tenperature.conmputing means; -wherein t he probe S prOV|ded on the

- insi-de thereof wth. said.light: gU|de ans. T e cavity, at
| east either said |ight guide ns sai y being tapered

~of f toward the em ssion i Nkt fom sai TS rared sensor B
si de. S - 2. The radi atilc ' : ot forth in claim
1 characterlzed in that sai ' TonNpHEResatoipe ‘and said
reference cavity conpri g€3 o mber- whi ¢ ~éi& .uppqnts sai'd
pi pe. . 36 NAA
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3. The radiation clinical thernoneter set forth in claim21 characterized
in that said |ight guide neans conprises a pipe and said reference cavity
conprises the outer wall of said pipe and the supporting nmeiber which
supports said pipe. 4, The radiation clinical thernoneter set
forth in claim2 characterized in that sald supportlng menber is nmade of a
material with high thernal conduct|V|ty o .~ 5. The radiation
clinical thermoneter set forth in claim4 ‘characterized in that said nenber
of high thermal conductivity:'is made of al um num 6. The
-radiation clinical thernonmeter set forth in claim2 characterized in that
said first infraréd sensor and said -second infrared sensor are arranged in. .
~parallel -to each ergpcross the center of said probe, and the eni ssion
inlet of said plEj‘F S|t|oned approxi mately at the center of said probe
and the emssion inlet is positioned toward said first infrared sensor,
Whereby the plpe IS p05|t|0ned di agonal | y. agalnst the center |ine of sald _
pr obe. : -:7. - The'radiation clinical thernoneter set forth in.clajm
2 characterlzed in that said first |nfrare?H£ensor is positioned on the
center I|ne of said probe and said,pipe isddsitioned al-ong said center
line. 8. The- radlat|o4ﬁclinica fter. set. forth in
'clalntl characterlzed in that sai d |ght QUI and said ‘reference.
; 9. 'The

Ialntl characterized in that

radi ati on clinical thernDneter
sai-d tenperature sensntlve se

firste |nfrared sensor ~or seco 4 FU7rsegsgr by an adhesi ve.
37~ .

FIG. 10
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10. The radiation clinical thernoneter set forth in claim21 characterized
In that a wi ndow nenber for transmtting infrared radiation is fitted to

said probe so as to seal the em ssion inlet of said |light guide neans.

11. The radiation clinical thernoneter set forth in claim2 characterized
in that.a mnndOM/nenber for transn1tt|ng infrared radiation is fitted to

sai-d pipe so-as to seal the emission inlet of said light guide means.

12. The radiation clinical thernoneter. bet forth in claim2 characterized
in that a w ndow menber for transmtting infrared radiation is fitted to

sai d supportlng nenber /S0 as to seal the_en1ssjon inlet. of said |ight guide

nmeans. o L e '

|
. ) —
- ; =l [—]
—
\_\ l _/"1—
. .- - H -
. N -1y . N N :
| : N N N N
’ N
\/ N - ‘N N
. N N
N q | \ N
\ N NN N \
N N
X IN NN N N
N N NYN N g
N { NN N N
b A NN N N
N N
N~ N k N \ .
N N
N X NN \
A N MY \ N
: N N N N
N
§ N NN N \
N N NN N A
N N NN N A
3 N N N \\a
\ N N N :
. \ N NN N
. N
‘ <~ N N
: o — \
: N NN N
. . N
N \ N N N
\ N NN N
. N NN N
s . \
. \ M
. ] .
X N
N N \ N
© g— \ B NN
. \ LN N
N
. \ \W N
g N N\ X
(T L
. AN )
P



