; €3egg0b6Tye0 7 APR 2003 | NFRARED THERMOMETER Technical Field This
invention relates to an infrared thernoneter 5 for neasuring the 7. APR 2003
tenperature of a target by sensing infrared radiation emtted frO#Itﬁg
target. Background Art One application‘oﬂ an infrared thernoneter is to use
it as an infrared clinical thernonmeter for neasuring 10 the tenperature
(body tenperature) of the human body. This thernoneter generally perfoins

t enper at ure neasurenent based upon ipplccarearofdi ation emtted fromt
external ear canal or tynpanic nmenbrane, etc., of the human ear \M\“\Nm\\\\“\\l“\\“\\\
infrared clinical thernoneter | SNERMREDETHNRMIMETER Obe i nsert abl e
ear orifice, and the probe is provided within the clinical thernonmeter “Sody
(housing) so ZschnipabtFiekdto the outside. Provided within the probe is a
wavegui de for guiding infrared radiation, 20 which is emtted fromthe

t ynpani ¢ menbr ane @hishénvekeidbhi vébatenlts unf dod rairegduéhermmomanernf r ar ed
sensor di sposed inside the housing. One inportant problemw th an infrared
clinical therforereasusingathevkempaerapinshefi @ tasgetellyi aensihe 25 ear
orifice, heat is transferred fromthe ear orifice (human body) to the

i nfrared sensépfypaedhbagiaptommmiihad) firgs the xargstikt of which the

out put of the in;rared sensor becones unstable. The adverse influence

| ~~~~~~~~ oBac €2 of heat fromthe surroundi ng envi ronnent
transferred fromthe housing tp the_infrared se r al so . cannot be ignored.
One. techni que whi cHREOPFBLLOATLOR bl Tin 1AL LT e FBETFPBESSFn PhES

specification _of Japapnese Patent Publ. cati.on,No. 5-2861 or USP 4. 895, 164

oPW0 00, 020015 IEPaR i Lot ad A ReBemoRe €BR - fok theatinfnd oL 04

in these yefe c rdd f v i i nfrared
1¢ 'Eﬁ%bggxggé?&&@é ggsn%cy Eén@%z%tu ge edd H&aéﬂdb&

sensor are 10 e dinac ati y lar eat conducting bl ock

(isothermc birgek PRapRomeBse Mndminly (Frrxae! kembetAgnpal conductor such
as al um num or copper). The heat conducting block (the infrared sensor

portion) is smppstteflehBsShaed RpdUTifarded adpaeebnSeaNgtedNfrém 15 space
bet ween the heat conducting bl ock and housing acts as an insulative air

| ayer to redutket brtargahteamn cdndieair fuympanlie heabranay cetoui sofle t he
housing to the heat conducting block. It is stated that the wavegui de and

i nfrared senstheahempr|@ain an isothernmic state at 20 anbi ent tenperature
by the heat conducting bl ock. Furthernmore, a lowem ssivity barrier such as
an al unmi nkin t ube | 3PpFREEATES EhtRidR! Jthedmasedesdt ifheAR&PREHi Hetl ohd t he

barrier is covered by a caver of |ow therml .conducti i% . 25 One, feature
of an i nfrar oHBPFNT RS YRR ot B0t iheSSer BREntLE FEORS. 19, . 1 to
5> seconds). Sb?S@i&QS J)E?ﬁjfﬁotr&fé’c 19 1%'&#&8&2%&%889' PRobElgfences is
conparatively“large, a state of therrnml "equilibrium
so as to protrude to the outside. Provided within the
probe is a waveguide for guiding infrared radiation,
20 which is emitted from the tympanic membrane or the like
(biological surface tissue), to an infrared sensor
disposed inside the housing.
One important problem with an infrared clinical
thermometer is that when the probe is inserted into the
25 ear orifice, heat is transferred from the ear orifice
(human body) to the infrared sensor via the probe and

waveguide, as a result of which the output of the

infrared sensor becomes unstable. The adverse influence
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D 7 APR 2003 - 3 (tenperature equalization) is not attained in suggb? 03
short period of tine. As long as heat fromthe hunman body travels Rg
heat conducting bl ock by being transmtt al ong the wavegui de, the
tenperature of the 5 infrared sensor al'sd will vary. Thus the instability
of the output fromthe infrared sensor is a problemthat has not been

sol ved satisfactorily. A technique intended to solve this problemis
illustrated i oft heaspfromi thei saroduhdimy natvioraimePat emrans@elraied- Open No.
WO 97/24588. According to the infrared thernoneter described in this
reference, a Heam tbedbotsyegt tbuthe imfiyared memscdedlset weenoa peobe and a
waveguide in a state thermally insulated therefrom and heat fromthe probe
is prevented fugoereding |5 transnmitted to the wavegui de and infrared
sensor. The provision of the heat conductive tubul ar body increases the
nunber of conponenfngaiteshniAgeehwhiph oBPEVieH th S MLChleR ifedFoneters is
that dust or the |li ke penetrates the interior_of the 20_wavegui de,

resul ting In FAS§GCEAeHedBurBReRPeDtBECRFHRE 9T JARFERSEO FESRPE this probl em

th ti ti [ il | tg th i t th

17, toe wvBRhsoEcrole fRTbnl B AR o diinurt oo

thereof.gln agg/ﬁggzﬁ)fabbf§3fa%ﬁg058t€$?sggﬂgf ﬁgcﬁgnﬁﬁgause o? apbonding

agent. A ”EthQ%e ghgggkedi§0i8sgﬁof§.{%?%é“%ﬂ?éﬁ%ﬂﬁésﬁh% e QaZ?éPR 2003 - 4
e by |

tip of the wavegui covering rt-w a resin m'and seécure the resin

filmto the vauequbeohy:fer iade JRIRE and Ner ol AR dMiskRsbbi et hod are

t he | abor req r asse y and the fact that the resin filmb5 tears
easily whem cepbaddeanis ar 8oMpRest 0vdly Aartdi nald conidiicéahgt Besarmet er
has a tenperature range (neasurable tenperature range) (e.g., 10 - 400

wi t hi n whi ch i(tisosheapabl Blotkopesns ) nadwraminatalA aer eateildedtspl ayed if
an attenpt is nade to use an 10 infrared clinical thernoneter in an

envi ronnent whéeegmpRecoadpetatrusechsaprbimiourhics copperat-ur Eheahgat A
further problemis inconvenience in that the user cannot determ ne why an
error di spl ay coadysitaggpbéeekt cthaocinfraredipnsomiportigre Before t he

t hernoneter can be 15 used. Disclosure of the Invention An object of the

present i nvenSUEROFSetolREkES] FRPORRIBIRI tRY e fRACET S5 at 8PE 8ccuratel y,

ith si t t b i t he | i d t he 20 jnfl
oxertod uhon_ SRk PeruatcEEs hige EShdir iy A BR FoRE Ba Sk (a0
t t h t i j . _Of h t
venti on 1o BRoaRgStRuEREthe bor HARPHE Sl Che! mIRkRE ol ok T Diverse
25 effects of eRYi KOBAEERE! hbSRPESEEME outh fdu LY HORisas b Lhe present

invention is to effectively prevent dust or the like frompenetrating the
interior of aneategohd@ctingnbloékar erk thergaaRicerchatl theARRVEGABde 5
and infrared sensor are held in an isothermic state at
20 ambient temperature by the heat conducting block.
Furthermore, a low-emissivity barrier such as an
aluminum tube is placed around the outer end of the
waveguide, and the barrier is covered by a cover of low
thermal conductivity.
25 One feature of an infrared clinical thermometer is
short measurement time (e.g., 1 to 5 seconds). Since

the heat conducting block in the foreqoing references is

comparatively large, a state of thermal equilibrium



and to inplenent this in such a manner that assenbly is facilitated. Still
anot her object of the present invention is to so arrange it that gff bﬁﬂ@%h
of tinme needed before 5 nmeasurenent becoqgs possi ble is shown cledar 6

an infrared thernonmeter in a tenperature environnment in which measurenent
is inpossible is placed in a tenperature environnment in which neasurenent
is possible. 10 The present invention provides an infrared thernoneter

havi ng an i nf rtetheranine pigaeatdzafsofle ishnosi agtadwkd wnegt de for
guiding infrared radiation, which is emtted froma target, to the infrared
sensor, charachwntzgeniod ket ttihe.i nAsaledgsassbeaantiramvdguitdenatb are hel d
in direct or indirect contact wwth the housing in a state in which the

i nfrared sensdrody trevedsl by itheuhaatdcdndurt beg welegjuihie beingr e are

vari ous nodes avail able for supporting the infrared sensor in a state in
which it is tHeranaEmitteg adomdatbe Wevavuhde nwabeguterpergtangwdydibge has an
outer end that opposes the target and_an inner end that opposes the

i nfrared iﬁcickﬂé%?%ﬁﬂﬂﬁ%ﬁ?oFS@a§@rWéélf&ééy-ofTQ%% thi ridst@sididsr ofin one

of the above-nentioned nodes, the inner end of the wavegui de i s spaced
apart 25 (by prfviPntofIeMyibe LRERRERE ?ﬁ??%?eiﬁi%cﬁ'%l@@ &hattace of the

infrared sensqr. An .air |ayer i resept petween the inner end of the
wavegui de andq'f"’}fé N9 Peedy s?&ﬁ?%r,gagﬁﬁg?ﬂgo’é%{\fytayer has a heat insulative
effect. 0 7 APR -..6 The way i nd._in [ ed. Senser; £an be hel d
in the housing by gipgoeﬁr%lnl%(?at”ﬁtﬁ?ﬁ%ét ?%gg?rgv eIr:ﬁg? %i/ seeparla e heat
insulating me r&tx%(:’é%%td %hfeeﬁk;@cﬁ%@auﬁhcéf XA £ 'Qinallh%a*%%%b

i nsul ati ng nenber (a menber of Tow thernma conduct|V|tyJ). I't may be so

arranged that fd5 HeR0Mde wos 95vpReBEed RY¥cSraBi Q! tBIHREN fd-ayiaber havi ng

excell ent thermal conductivity). In another node of supporting the infrared

sensor in a stiférnidmedarCliedscri®etihenmahliy reseteiss, f4 aredthe 10 wavegui de,
the infrared sensor is placed inside the inner end of the wavegui de and the
i nfrared sensaroridadidiveé gpudcddrabadyf Lenpaovidedrbaiatdernfa tpreobsaaegui de. | n
this case also an insulative air layer is provided between the wavegui de
and infrared sewayegquisleTia ianttatedtbensat lyninshated dd@ingdrom be hel d
in the housing by a common heat insulating nmenber or by separate heat

i nsul ati ng rrer?d'éilé‘.ea%élioﬁ‘f tReeBrobAsdF ARGVERtedppoi® KPURF provi ding a
heat insu&gt or, between th im;lrared sensor _and,

20 In yet anoth
node, the*Pnf rtﬁaé}fw&%(?aﬁ e WeVHPBI T8 d2BR 1 v‘?e gt another

uj de.
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inner end of thg WAMERW de- cm?,o}q@ﬁ@gggg@s_% is supported on the housing by
a heat insulating nenber or netal.

Another problem with infrared thermometers is that
dust or the like penetrates the interior of the
20 waveguide, resulting in reduced measurement precision.
In order to solve this problem, the conventional
practice is to bond silicon glass to the opening at the
tip of the waveguide to close the same. However,
problems encountered with silicon glass are difficulty
25 in working the glass and the high price thereof. 1In
addition, fabrication cost rises owing to the use of a
bonding agent.

A method available is to close the opening at the



Further, such a node is covered by the present invention in which the
infrared sensor is held in a 0 7 ANK 2003 state in which it is ghappejky
i nsul ated fromthe wavegui de that the inner end of the waveguide is in
contact with the infrared incidence surfdce€ of the infrared sensor.
Preferably, the inner end of the 5 waveguide is fornmed to have notches to
reduce the area of surface contact with the infrared sensor. Thus, in
accordance W thipt b¢ phes@avegivestbpncovdeingfivnetsensesins fiehnd in a
state in which it is thermally insulated fromthe wavegui de (a state in
whi ch 10 t her enids skeewreheheakesiansisn)to Bvten wdvdwerdide byt mamsherred from
the target to the wavegui de, therefore, the transfer of heat fromthe
wavegui de t o tmesmbenf.r albd penbbdems switipptlesserethis]l anecshlet labbe i nfrared
sensor is held in a thermally stable state. 15 The present invention is
characteri zed requilred fhog eatemnbdy arhsvie i Zactherhedl [bpe weshat §d1nspaced
away) fromthe wavegui de; the infrared sensor and wavvegui de are not
render ed i 3ot Ae@E§ €asidYowhep GeRERMIRetprareminad &fti-on is devoi d of
means corresponding tg 20 the heat ,conducting bl ock or isotherm c bl ock
means of the kind A R T3EREr CAfRicar FReFRPPRLSE fa® § Loqpearasure

conductive tubul ar body proyvided between the probe and t waveguide in a
state thernal Ir?nigﬁsdfnﬁﬁég‘r?ﬁg?e??%?r%‘ér‘? 1) s(eagsi'ngﬁe"sflﬁugt)ure f or

the 25 infrared herngﬁe er,, Holdin he %nfrarq? sensorg? t he heat

i nsul ating memder PalkBdclt 150 BRrREPEE P hi LS SPF& éydf fiat
transferred fr Okt S| pa:khe h I ! ther, 7_APR 208 8 _
menbers. In ae%lrpé) e?rsegiaéhggm\éﬁeﬁ%,‘g% %!r:l?)%)rg& \?&u ér%c%ést oFl(r%gda y a heat

i nsul ati ngo menbet 344 @434 BY1 2t Réfhofd 4 Dol yaue Wi e ERhk UghBgeext ernal Iy
of the housing, is 5 attached to the housing, and a gap is provided at

| east bet ween thize teitipeira@eteOl st HEL¥VBISTLH 8 ©Bdibdr ydiecOb@ngbyenai f the
probe contacts the target, the transfer of heat fromthe target to the
wavegui de i s Supphessedobdeauss iheomeweipncke irs tdyeacatheawserf carmbhe probe
10 within the probe (because of the presence of an insulative air |ayer).
The present i dederirimef whiyhen eroer déssplaypisieing presentikd navegui de of
the infrared thernmoneter. 15 The cap has an infrared-transparent upper
bottom for cl &$%hdoRs dpemind FakeHeeborerthe tharmemedesgGrdebeand a
circunferential wall portion contiguous to the upper bottomand in intinmate
contact wth Fﬁ@dperiphery of the wavegui de, the upper bottom and
circunferenti

%isclosure of the Invention

An object of the present invention is to make it
possible to measure temperature accurately, with simple
structure, by reducing, to the maximum degree, the

20 influence exerted upon an infrared sensor by heat
transferred from the outside (a target such as the ear
canal) to a waveguide.

Another object of the present invention to provide
a structure that is capable of alleviating the adverse

25 effects of environmental temperature.

A further object of the present invention is to

effectively prevent dust or the like from penetrating

the interior of a waveguide in an infrared thermometer



20 wal |l portion being forned as an integral body. In a preferred

enbodi nent, the cap is nmade of synthetic resin. Because the cap (t&e

wavegui de cap ) according to the present invention is obtained by 5 APR 2003

integrally formng the infrared-transparedt—upper bottom and

circunferential wall portion, the wavegui de need nerely be covered by the

cap, thereby providing ease of operability and ease of assenbly superior to

0 7 APR z003 _arH t@riffleidnt HMEsCAR BUEWER! madHet theD ReseibBy inig the

interior of the waveguide. In an enbodi nent, the wavegui de cap has an

outwardly or ifeeididatbdected flange provided on the 5 circunferenti al

wal | portion. The flange acts to retain the wavegui de cap. The wavegui de

preferably is _ progtiell amdther pdrjlecan oforhengagsegtwihehbeohl dgeo Thi s

enhances the retention effect greatly. The present invention further

provi des an i ndo aaexaride titerthmtettte depgltheodf tiineanégdeddbefdreng | engt h of

time until neasurenent is possible when the infrared thernoneter |ocated in

a tenper at &r e reRsSuXEMAEN Decamleisc possdbldrerenshpwni apesslvlwhers gl aced in a

tenperature environnment in which nmeasurenment is 15 possible. The infrared

t her roret er i nEtiREed | HieERrQRe tefa d0r ArERMPREARYTE OPNYIREQRIE Y Ynper at ur e

of a target based upon an output, of an infrared sensor;  tenperature

measur ement mEERCH JReFRIHENS Hg 1Se APRPEEHPECWLENPHRERE 2B #nfrared

t hermomet er; means for determi ningg whet he%.tﬁg tenger ature, neasured by the

tenperat ure nESSRERENE SEREIEEN R HRACHeREBT BhF R enbRr at ure range of

the infrared neasur,e nt neans; nmeans for estinmating waiting tine that

woul d be neededTor 1%e tenperature neasured 25 by the tenperature

measur enenly neans t@%é %%é Hd%f%{%ﬁlo%e?)%ﬁ%é LEMPREALYLE range when the
as de t

determ nation neans ermne a he nmeasured tenperature does not

lie within the.feashédde HAMERY AU r-3Re8; sBRdor plhfed Oids AR 2003 neans
for giving notification of the waiting tine that has been estimated by the

estimati on neamsusimg sand ef erdwedrddeodoregtiidi g £68frabéd onadEaticorsenses a
change in tenperature at least at two different 5 tinmes and estimates the
wai ting tine besich upoprenitited drper at taegehange, thear irfitatedpeertar,e and
target (reference) tenperature within the nmeasurabl e tenperature range.
characterized in that the infrared sensor and waveguide
15 are held in direct or indirect contact with the housing
in a state in which the infrared sensor is thermally
insulated from the waveguide.
There are various modes available for supporting
the infrared sensor in a state in which it is thermally
20 insulated from the waveguide. The waveguide has an
outer end that opposes the target and an inner end that
opposes the infrared incidence surface (sensor surface)
of the infrared sensor. In one of the above-mentioned
modes, the inner end of the waveguide is spaced apart
25 (by provision of a gap) from the infrared incidence
surface of the infrared sensor. An air layer is present

between the inner end of the waveguide and the infrared

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



Since the waiting tinme is reported (displayed), the 10 user can ascertain
how much tinme nust pass before the infrared thernoneter can be used. Brief
Description of the Drawings Figs. 1 and 2 are side views, partial 0§ APRt2003
away, illustrating respective halves of fhe overall structure 15 of an
infrared clinical thernoneter; Fig. 3 is a sectional viewillustrating, in
enl arged form a probe, wavegui de and wavegui de cap shown in Fig. 1; Figs.
4 and 5 illustraterhbeydeyeaidd ardPid it 2@ R Heseedchar B haiwhigh Fig. 4
is a sectional view and Fig. 5 a plan view, Figs. 6 to 9, each of which
i[lustrates atpedhbusahd by &rcompdd indty ieBuabgedgsmenbenabr vbgws of the
infrared thernoneter; 25 Figs. 10a and 10b are perspective views

il lustrating sepgatatatheas nisdletimneaemdedsof thethevégurdeinFHgsa 11 to

13, which illustrate other - m O 7 APR ?0G3 nodifications, are partially
enl arged sect tgpataVi exanple tdife the rhevatd iclsudiatahgt hembene{armefbeyxr 14 is a
sectional viewillustrating a probe cap; 5 Figs. 15, 16 and Figs. 17a to

17c are pérspettloe vhemsakadndudtistirtat)i.ngI& medi becaei anrafigede wavegui de
that the waveguide is supported by a metal member (a
member having excellent thermal conductivity).
In another mode of supporting the infrared sensor
in a state in which it is thermally insulated from the

10 waveguide, the infrared sensor is placed inside the
inner end of the waveguide and the infrared sensor is
held spaced away from an inner wall of the waveguide.
In this case also an insulative air layer is provided
between the waveguide and infrared sensor.

15 The infrared sensor and the waveguide can be held
in the housing by a common heat insulating member or by
separate heat insulating members. The infrared sensor
may be supported by providing a heat insulator between
the infrared sensor and waveguide.

20 In yet another mode, the infrared sensor can be
supported on the inner end of the waveguide by a heat
insulating (low thermal conductivity) connecting member.
The infrared incidence surface of the infrared sensor
opposes the inner end of the waveguide. The waveguide

25 is supported on the housing by a heat insulating member
or metal.

Further, such a mode is covered by the present

invention in which the infrared sensor is held in a



cap; and Figs. 18 to 20 illustrate another enbodinent, in which Fig. 18 is
a sectional view of an infrared sensor, 10 Fig. 19 a bl ock diagram(7 AFR 2003
illustrating the electronic circuitry of the infrared clinical thernoneter
and Fig. 20 a flowhart illustrating the'brbcedure of processing executed
by a CPU. Best Mdde for Carrying Qut the Invention 15 Figs. 1 and 2
illustrate the entirety of an infrared clinical thernonmeter in considerable

enl argenent . Biadenfinak@dcel iBi ¢3l th8EHADIR Bisdlas el sl RHelO the overal |
shape of which is that of an approximately 20 circular or oblate cylinder

for easy handkiav@gulide thptehHe(ihgeposhd onf Shwwawydide lief tinside in Fig.
1, in which an infrared sensor, described later, is placed) is slightly
curved, the hawmitagtbeiny khegénfnaseérindidénge end-flddee dfr ahie end) and

sl ender nearer the termnal end 25 (rear end) (shown on the right side in
Fig. 2). The hoafsiargdl@ensomadePoéfaralyhy hethe iresm enel of. thaBS:
acrylonitrile-butadi ene-styrene plastic). Disposed wthin the housing 10 is
a printed Birowveguidel1s- formedPRo 2088e boeirehels] ton nedusle dheeaperat ur e
measurement circuit (inclusive of a mcroprocessor), a display control
circuit and otfesuatecer srntactr vithsthe el nfeanas &enspe upper face (or
front side) of the housing 10 at 5 the tip thereof is formed to have a hole
13 confronted fromihi$ i dRePCSPIE2BGCaWEH t RS IR SR g HIR TGP 2 th®he

button 12 has .an _outwar dl rotrudjng. curved surface., An . att,achi ng piece
12a extends f qﬂﬁéggﬁﬁPgﬂglésaﬁﬂiﬂa%na% BIRES et ﬁ%&qﬁ d 1y being
enbraced 10 between.two.projecti.ops 10a and_10b .provid n t.he_inner
curface of thatoney 1850 ARy P Ran Buf  Hevtulle” (o FEatY (2°yh oGS

;le:fst”i)cf‘tslén e dls RAL! tREhEE AELASRLPY. PIRLS, liFAneliie jlatter possesses

g transferred from the target to the waveguide, therefore,
the transfer of heat from the waveguide to the infrared
sensor is suppressed. As a result, the infrared sensor
is held in a thermally stable state.

15 The present invention is characterized in that the
infrared sensor is thermally insulated (spaced away)
from the waveguide; the infrared sensor and waveguide
are not rendered isothermic. In other words, the
present invention is devoid of means corresponding to

20 the heat conducting block or isothermic block means of
the kind in the prior art. Furthermore, there is no
heat conductive tubular body provided between the probe
and the waveguide in a state thermally insulated
therefrom. The result is a simple structure for the

25 infrared thermometer.

Holding the infrared sensor by the heat insulating

~ member makes it possible to minimize the effects of heat

transferred from the outside via the housing and other



15 The inner surface of the button 12 is provided with an operatin
projection 12b. If the button 12 is pushed into the housing 10 lﬂﬁ@ﬁmﬁ
outside, the operating projection 12b strikes an actuator of a switch 14
provi ded on the board 11. Pressing the &t ton once 20 introduces power to
t he above-nenti oned tenperature neasurenent circuit and pressing it a
second tine starts neasurenent of body tenperature. The upper face (front
side) of the housisg 10 at the approximate central portion thereof is
formed to 25 have a hole 15. Aliquid crystal display (LCD) device 71 is

placed on the boardpll fre?cRPah! bAPoELREES Qﬂgh@%eEOwhﬁéthEeféﬁme&bre
specifically, the LCD device 71 is accompdated together with a | ower

spacer 74 in &y l&Cheat- i43ul8tInd MAFOOF GanbdngaRdphhe &8SeEnd2 is
secured to the'board 11. The LCD device 71 is connécted to a wring pattern

on the board LkJyuadeubRekrcanAgcdfferiftal AN JiCRLEONEhsTBg foNsi sting of
transparent resin is provided on the LCD 5 case 72. The L device 71

di spl ays the rmasihed kedyhtenpesaidl) eamnd ofhersi pteviasd og: Bewkd he user
can see this information through the LCD cover 73 by way of the hole 15 in
t he housi ng 1(etivdeat taeyopeetr ésd prdHvittedravieglidel aner thacerdiack 10 side)
of the housing 10 at the termnal end thereof. A battery cover 16 is
renovabl y att &vteed itfo theephobsi ogntacteitipe sergeed theéottamsbattery port.
An infrared sensor 20, wavegui de 30, probe 40 and wavegui de cap 50 are
provi ded in tHeat From the haugehgta>rhe wareguwideedysi geprBoesp@dbe 40 and
wavegui de cap 50 in particular are shown in enlarged formin Fig. 3. The

i nfrared sensdieCERSenEPGI¥EVEIHELR 1T ARacel iah’aﬁ’hgrPlﬁtE}ﬁ? RTHFE whi ch an

i nfrar nsi I nt 21 i
ared ig Sv%%m%n?qgetprobes(because of the presence of an

insulative air layer).

The present invention further provides a cap which
covers the waveguide of the infrared
thermometer.

15 The cap has an infrared-transparent upper bottom
for closing an opening in the outer end of a waveguide,
and a circumferential wall portion contiguous to the
upper bottom and in intimate contact with the periphery
of the waveguide, the upper bottom and circumferential

20 wall portion being formed as an integral body. 1In a
preferred embodiment, the cap is made of synthetic
resin.

Because the cap (the waveguide cap )
according to the present invention is obtained by

25 integrally forming the infrared-transparent upper bottom
and circumferential wall portion, the waveguide
need merely be covered by the cap, thereby providing

ease of operability and ease of assembly superior to



provi ded. The front side of the case 24 has a w ndow 20 and
infrared-transparent silicon glass 25 is provided so as to closg)? pr'pdow
(see Fig. 18 for nore details). The waveguide 30 is cylindrical and nmade of
a netal such as copper and both ends 39&8 -30b of the wavegui de are open.
The open end 30a renpte fromthe infrared 25 sensor 20 shall be referred to
as the outer end (or distal end), and the open end 30b close to the

"7 SLed Sensa D el hg LSLCLERReh, Syl herl o et gt g el end)

gently C“rVirﬁ?éé¥Eé¥”ofSQ§ ewgggg%kﬁepf whi ch has been cut away, and the

base end of the probe 1s Torne ave a nounting flange 43. The flange 43

is formed to 5 haVﬂj STol %\fﬁ%%&%ﬁ%S tﬂgewg{',g%%ff?é hgapp;}g%e a%o is fornmed to

have two step portions it sTTnnéer ace, a small annul ar

base ond of The EPons o FRETIRY T S et Shhemr e B T R R et X8nstr “hol dor

base end of Infrared sensor in a sensor

28 More 5Pecliialigher 1106807 pBoL Ak 20 Chds JTRdecHl SYgL et i€

resin (e. g., ABSresin), has t ape o i nder the bottom

which is provigled;wd ui@eh‘é|a%.28'f~he_T\D§vé<5‘Mé‘é rSE8595120i s fitted snugly
15 inside the hole 28A. A board 17 is secured to the hol der 28. The

infrared sengfoiidinsvit®ads pdetEOANESE ekhd Ly ithgMufiltig tﬂéttﬁéﬂ%@n the board
17. A flange 28B is fornmed as an integral part of the sensor hol der 28 on

t he outer cirrhtd esrdrdnicals thef aeeehbborecdffgrd ke Iyi.ci nity of an open end
28C. |If necessary, a tenperature sensing elenment (see nuneral 22 in Fig.
18) is provided i rBielendsentnfingestdioenfort!®@dr @revides an infrared
10 thermometer capable of clearly indicating length of time
until measurement is possible when the infrared
thermometer located in a temperature environment in
which measurement is impossible is placed in a
temperature environment in which measurement is
15 possible.
The infrared thermometer includes: infrared
measurement means for measuring temperature of a target
based upon an output of an infrared sensor; temperature
measurement means for measuring temperature within the
20 infrared thermometer; means for determining whether the
temperature measured by the temperature measurement
means lies within a measurable temperature range of the
infrared measurement means; means for estimating waiting
time that would be needed for the temperature measured
25 by the temperature measurement means to fall within the
measurable temperature range when the determination

means has determined that the measured temperature does

not lie within the measurable temperature range; and



tenperature sensor is provided in the proximty of the infrared sensor 20.
25 The waveguide 30 is held by two wavegui de hol ders 31, 32. The wavegui de
hol ders 31, 32 also are made of synthetic resin (e. g., ABS resin))AnpR 0%
approxi mately cylindrical. The holes in-th®& holders 31, 32 have a - 15 0
7 APR Z003 uniformdianeter (with the exception of recesses 31D, 32D) and
recei ve the wavegui de 30 inserted snugly therein. The outer circunferenti al

surfaces of thaechakders 3lvidd REELi S iditod %eowtaqrt_i%a@ﬁ@rtﬂsﬁfers 5

in three stages. Portions 31A° 32A of snallest outer diameter are [ongest
and portions 34Bs BdBnObstamgesd BytHe HmiRidN aleande in flange-1like
fashi on. The recesses 31D, 32D are fornmed in the inner circunferenti al
surfaces of the por inoms p2éBerdadl edbodhReney ehd dast3thatiohi badsi Nnto the
hol e of holder 31. Wen this is done the outer circunferential surface of

t he wavegui de 3énard thehangerini tenpdreaiante at Jwakacatotwbhaiboéeent

hol der 31 are secured to each other by a bondi ng agent. Superfl uous bondi ng
agent is 1% fotdmesi and ehéimetesstisd Draifhirgy itdmeoblaseddubyni kst i ng t he
wavegui de 30 into the hole of holder 32. The hol ders 31 and 32 abut agai nst
each ot her at tR@perpinge- dhangeercporentoreer@eBatyzB. andetaageyui de hol der
32 is inserted into the sensor 20 holder 28. The distal end 28C of sensor
hol der 28 abut $T&§8FREFC) SeBpenTITS Widdhigy thige Measysabilanmet er portion
32B. The sensor holder 28 is inserted into a hole 10A fornmed in the tip of
the housing 10F®BRETARBTE| BAPBS28B of the sensor hol der contacts the outer

i rcunf tial 25 surf f the. hole. 10A The distal .ends of .th
wavequi de hol der 31 SARCWEVBGHRIELTD GHE | 1R HARAT St d (ERELAYERL 4BMSnd t he

sral I di anf er oart gy 316,00 1he 9ldler 35APHLS 2gaLEshetbEe SLER 42 ON

the inner surfa
infrared thermometer can be used.

Brief Description of the Drawings

Figs. 1 and 2 are side views, partially cut away,

illustrating respective halves of the overall structure
15 of an infrared clinical thermometer:;

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

Figs. 4 and 5 illustrate the waveguide cap in

20 enlarged form, in which Fig. 4 is a sectional view and
Fig. 5 a plan view;

Figs. 6 to 9, each of which illustrates a
modification, are partially enlarged sectional views of
the infrared thermometer;

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

Figs. 11 to 13, which illustrate other



of the probe 40. The flange 43 of the probe 40 is secured to the housing 10
by screws 46. As a result, the probe 40, wavegui de holders 31, 32 (and
therefore the wavegui de 30) and sensor holder 28 (and therefore 5 QhdPR 2003
infrared sensor 20) are secured snugly‘i%lthe tip of the housing 10. The
infrared sensor 20 and approximately half the wavegui de 30 are situated

i nsi de the housing 10, and the probe 40 and approximately half the

wavegui de 30 moaiffcptobhifeasxtpamnaldllpledlrdeausecgidfal Theewst€f end
(distal end) 30a of the waveguide 30 is situated at approxi mately the sane
position as that ahfrheedi plbfigabbthelnametsr;a positi on sonewhat i nward
fromthe tip of probe 40. A gap (air layer) 33 exists 15 between the distal
end of the wavegui #é93014ndst heserobenald, vidweridl lnsitngtiagcanpaobebet ween
the outer end 30a of wavegui de 30 and the probe 40. Further, the inner end
(term nal end¥aB@b of wavegui de 30 opposes the sensor face (the infrared 20
i ncidence window, i.e., the silicon glass 25) of the infrared sensor 20.
The inner ®&nd 30b &RgRavéfui 46 B0d aNds hel Tanftrarldld s@rsper2pegatdvaot in
contact, a gap,(air layer) 34 resjiding between them It goes w thout saying
that the cent VaPWExPECBf LhdVeEEAHNBR ML iTHECIFofeREr Bheawpyegpidef r ar ed
sensor 20 coinci de. ghen body tenperature is neasured by this infrared
clinical therfrfBRét8P% the tip of the probe 40 is inserted into the ear
orifice (the external ear,.canal)..., 0.7 A'i~ iU03 - 17 ..The probe 40

i nevi tably cones i%ﬁgsCoagag? z%t+}%$ﬁ§ﬁé#ecﬁQQQé§§ e@#ﬁgémSBEy %Enperature
generally w | hi.gher ;£h ! at L f e. 0 w | |
travel to thehggg ebggf %ETﬁg %gﬁﬁégggghmé@égh% egﬁoﬁgggggié,sgggiéﬁ sensor

hol der 28 @r epngde9f oSYNbOLtaLad il N1 1N IGRSHY hekl 61688EInAS a much
| ower thermal conductivity than netal (i.e., conistitutes a nenber of |ow

thermal . congdugbu¥ity)ofi thaBinhearef T8 dl anhezmbfdter, and Fig.
20 a flowchart illustrating the procedure of processing

executed by a CPU.

Best Mode for Carrving Out the Invention

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

The infrared clinical thermometer has a housing 10
the overall shape of which is that of an approximately

20 circular or oblate cylinder for easy handling. The tip
end (the portion, shown on the left side in Fig. 1, in
which an infrared sensor, described later, is placed) is
slightly curved, the housing being larger nearer the tip
end (the front end) and slender nearer the terminal end

25 (rear end) (shown on the right side in Fig. 2). The
housing 10 is made of a synthetic resin (e.g., ABS:
acrylonitrile-butadiene-styrene plastic).

Disposed within the housing 10 is a printed circuit



10 insul ating nenber (in this specification, the terns "l ow conductivity
menber" and "heat insulating nenber"” are synonynous). The gap (air |ayer
33) is present between the inner surface_of probe 40 at the tip tHEF ABR 208hd
the outer end 30a of wavegui de 30, and‘thg air layer 15 33 al so possesses a
heat insulative effect. As a result, the structure is such that heat
transferred to the tip of probe 40 is not readily transferred to the
wavegui de 30. bbleat 13 oAtwheedi & ytédmparsd e thfacuitebatt cprofiipr obe 40 to

t he wavegui de 30 via the holders 31, 20 32, and heat is not readily
transferred t gihbeusbteadfdasehsospPiresson)he asselisplakobdatrd8. Even if a
smal | amount of heat fromthe ear orifice is transmtted to the outer end
30a of wavegucdecB80t ahé ghpefadledtmymric IMrmiisesert absembdadt he i nner
end 30b 25 of waveguide 30 and the infrared sensor 20, whereby the two are
thermal | 'y insul at e@her vpreachacehéer feewnt diidf ly ofaltheshonsihgalli st
transferred to the infrared sensor 20. 0 7 AA' R dO3 - 18 Thus, when body
t enper at ur® i §haehdr terePfost FRIMRAVEhLEVE @ todrsAdr Feafrente@ infrared
sensor 20 and the infrared sensor 20 recei ves al nost no adverse influence
fromthe heat £§PReAtdf iDBGT t HEde HYel SWhte OPeTRELNAf PHEEARsbAsOr 20 s

hel d by the segsog hol der .28 made of synthetic resin (a hea& i nsul ati ng
menber), the <8RsBPtESNafApRES e/} RFAEEYIBPInEREVELom t he

ori 11 co (1ympaHFERBnDr BRef HFachhed dumut 125 (RSP 2F 8% SBROBPLS0%t hr ough
the interior 8 hAA HEYCRH! 8 3n20 L0 BLRUY SRl akeBRBERELEC Toasul eent

is carried ouf. necessary, e neasure eratdre I's corrected based
upon an oi4 pUbeft{vglght E@otﬁf‘Pﬁéé‘Ei’é&s 1S 1P 0t $FBeLakH 8nSeRsi Ny

el enment). The final measured tenperature is displayed on the LCD device 71

The sensor holidaes 3hrfddedy bige MBSIEs g a0TEt GhesyeRtas abupsnum | n such
case the sensor holder is not split into the two nmenbers indicated by

nuneral s 31, Bdldedbih peyihe(obda) ramE medini)e@satnngntbgraopapttodns 31,
32. The recesses 31D, 32D are unnecessary. Heat that has travelled fromthe
ear orifice othehettakbihg phecenal2yui dhe8(latseabposbedsey the netal lic
sensor hol der and therefore alnost no heat is transferred to the 25

i nfrared sens8fa88icFhE-probe cover 47 is constituted by a ring 48 made of

synthetic_ resin, and a_ bag or sheath 49, ich consists of vinyl or. other
thin synt¥tic resﬁﬂesﬁéé r surfage %ﬁ7t9é£%%ﬁﬁﬁ? g?t&éh@ﬁ°?6dFﬁew%Fﬂg 48.

The probe cover 47 iLch is for, preventin transnission_o | sease, is
exchanged for%a ﬁgﬁF§g68? Bﬁoégf%ib%s§$°bagﬁig%ﬁn Bfﬁgb ;%rﬁg,é?%%g%robe
cover is dis I T k } i r rotrusion 44
provi ded on FggﬂgaggeOPS?%%ngg efﬁ%ﬁiak§82§§8$%é %Egbggggég%n 71s

attached to tgeoaéelaeoﬁolzﬁ SW1kds 60 i SctaUrded hokwsessi ng that the
probe cover 47 has been attached. The switch 60 includes a 10 novabl e shaft

61, and the shabiviGédhas tne Bo&sd 61A armr&sEEE3ngThbeebdtdA oscel ender and
passes slidably through
20 introduces power to the above-mentioned temperature
measurement circuit and pressing it a second time starts
measurement of body temperature.
The upper face (front side) of the housing 10 at
the approximate central portion thereof is formed to
25 have a hole 15. A liquid crystal display (LCD) device
71 is placed on the board 11 at a position corresponding

to the hole 15. More specifically, the LCD device 71 is

accommodated together with a lower spacer 74 in an LCD



a hol e 45A (which penetrates the screw hole 45) formed in the flange 43 of
probe 40. The end 61B passes slidably through a hole provided in thﬁ 3$Erd
17 and has 15 a contact 63 attached to itlé distal end. The shaft 6107 2003
urged outwardly at all tines by a spring627so that the end 61A projects
outwardly fromthe flange 43 at the base of probe 40. The contact 63 is in
contact with a wiring pattern 64 on the board 17 (turning on the 20
switch). If themge ol coMerhél casepl7aced sacthbed ptobehel oddd 1.0t r udi ng
end 61A of shaft 60 is pushed against the force of spring 62 by the ring
48. As a resulThe tIlod cdeviaet 763 ipacrbantroadt be aiwimgn@aidererrb4n(t urni ng
off 25 the switch), whereby the fact that the probe cover 47 has been
attached is sersedoaBehdilngyofa trhbbetrt achhaegtof PFobeAr VG cblemnyi 3be
adopted as a condition to start neasurenent of body tenperature, and an
arrangenent m@pensistimg lof sdgpsparpatwheehnt b$ spreereiied ©n ridicdC® by an
i ndi cator or by the LCD device 71. A front cap 19, which covers the probe
40, is renmdvaliidpaattlachddie 6COnEeHARBl 41 PioP+ET crhofMmeamured basdye 43 on
t he base of probe 40. The front cap.,19 also,is nade of synthetic resin and

is placed on tYfIRSTAABR PR3 OfPEhe 1ABOWRBRIPRI SARhi e StF&T iGRTc See
thernmoneter is.not .used. The details of, th vegui a cover) .50 are 10
shown in Fi gs. "H-Sids® é%%&ﬁPGB %Qﬁ ggg\?go %ng%gayﬁéﬁx r?teéd:rhgl ly
form ng, from,g .synthetic,resin_such.,as polyethylene, polypropylene, an
upper bottom g%’]t%;logaghn \?Vr%ecﬁloflﬁillfn”ér (]ég'radi ation is allowed to pass, a

i nf tial I | ti .1 h i
circunferential walj M,.itsésﬂg R tcg]r%n QBQEﬁeEOf.ﬁ ﬁ%%ﬁ%f%%l adihe upper

bottom 51, and a fl ange ru outwardly end of the

circunfereptialing loard (le@»lu%angﬂi@ dragRtefephidde &id eI al wal |

portion 52 increases in small inCrements as the flange 53 is approached.

The 20 thi cknessc¥rit oveRpars het kefbbdbls Qbtddtedrwiertid nkhdiagb®yum and
the thickness of the circunferential wall portion 52 and flange 53 i s on
the order of 2Hirng stG@weer o the battery port.
An infrared sensor 20, waveguide 30, probe 40 and
waveguide cap 50 are provided in the tip of the housing
15 10. The waveguide 30, probe 40 and waveguide cap 50 in
particular are shown in enlarged form in Fig. 3.
The infrared sensor 20 includes a metal case 24 in
the interior of which an infrared sensing element 21 is
provided. The front side of the case 24 has a window
20 and infrared-transparent silicon glass 25 is provided so
as to close the window (see Fig. 18 for more details).
The waveguide 30 is cylindrical and made of a metal
such as copper and both ends 30a, 30b of the waveguide
are open. The open end 30a remote from the infrared
25 sensor 20 shall be referred to as the outer end (or
distal end), and the open end 30b close to the infrared

sensor 20 shall be referred to as the inner end (or

terminal end).



Wth reference to Fig. 3, the outer end 30a of 25 waveguide 30 has its
outer circunferential surface cut away slightly to reduce the Wa||U7APR2W3
t hi ckness. The length of the portion of reduced wall thickness is

approxi mately equal to the depth of thé ¢ p 50. The 0 7 APR 2003 - 21
reduced-t hi ckness portion of the outer end 30a of waveguide 30 is covered
by the cap 50. As a result, dust or the like is prevented from penetrating
the interior of tha&hsyegphedd30waichhén mbhdepobbsynioverid kesins, heysl aced.
The inner dianeter of the smallest dianmeter portion of the

circunferenti & .geaitllyporurivangs2oonfiicadvehapeetbaptH) chodlichhdasqbsglent o or
somewhat snaller than the outer dianmeter of the outer end 30a of waveguide
30. As a 10 r&3H 1awayhe apdpthe bgsenendt ¢fathe corrke tisyfarmede tout er
circunferential surf ace of the outer_end 30a of wavegujde 30. The
wavegui de cap e & prasddngn flpeIfaddgui Hee 3DLargre t ite 30 is

e
inserted into_the probe 40 _15 together with the hol der géj,VMgﬁ t he
wavegui de 30 P@YENSSFEYI NOAES fRe prBBetHB, OF HENG | Jf REMEGp 50

but inst the step 41 on the ir f f. the probe 4Q._ Th
prevents the &b S R £ o8P PRESOPFS The L4pPB0-that itk BeeiBraced on
th i de 30, 20 ts th 40 at,the flange 53. , Si
Lhe cap 80 ai G4 & A0 o ByAARCPRECFagF el 41 oo B i Bom e |

probe 40 to t V%@uii@e_f%%egeigi gHE- v 00; LA YRk haadgpted i

whi ch, rather than providing r obe step portion (retaining
the probe.
10 The infrared sensor 20 is held in a sensor holder

28. More specifically, the sensor holder 28, which is
made of synthetic resin (e.g., ABS resin), has the shape
of a bottomed cylinder the bottom which is provided with
2 hole 28A. The infrared sensor 20 is fitted snugly

15 inside the hole 28A. A board 17 is secured to the
holder 28. The infrared sensor 20 has leads 26
connected to a wiring pattern on the board 17. A flange
28B is formed as an integral part of the sensor holder
28 on the outer circumferential surface thereof in the

20 vicinity of an open end 28C. If necessary, a
temperature sensing element (see numeral 22 in Fig. 18)
is provided inside the infrared sensor 20 or a
temperature sensor is provided in the proximity of the
infrared sensor 20.

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

cylindrical. The holes in the holders 31, 32 have a



25 protrusion) 41, the flange 53 of the cap 50 is nmade to contact the inner
surface of the probe 40 with appropriate force, and it nay be arranged so
that the inner surface of the probe 40 ii formed to have an 0 T 7ARMR Z0D3
- 22 annul ar groove and so that the fla ae'53 of cap 50 is fitted into
this annul ar groove. An arrangenent may al so be adopted in which the end of
the circunferential wall portion 52 is provided on its inner

ci rcunf erent i alniFfoxur Kdamewerh (vbth nve déyceptol @t tohgemassiear 3ADEt r usi on,
and the outer circunferential surface of the outer end 30a of wavegui de 30
is fornmed to 329 amdameckiaregtbeveaveguhde 3@ hnsshohesl meuigilgned annul ar
protrusion is fitted. O course, the flange 53 need not be provided 10 and
t he probe 40 rdedteaiot. b&hkoprbdrt oiheumiettentsiah guriadeas wd phet r usi on) 41.
The circunferential wall portion 52 may be formed to have the same di aneter
at all poi nt s hofiflersr 3ds 3écarensesht teati thairguramdimmeng dadfersn 52,
rat her than being _circular, may be 15 poIY onal , such as hexagonal or

oct agonal . 2| n WU rees StAAESd| aRRT BFORS %ngir%ﬁﬁaqﬂn%WQ%%qS$ PHKGENt to the

circunferential, wall portign of the polygopal cylinder woul.d be made
appr oxi mat ol y HEPRteo 25F LPRGRETySRLaPIBT R i TAR T dPZREEEr of the

outer end 30a of 20 wmavequi de_ 30. Thus e wavegui ap 50 | s _obtained by
integral |y nmol°H5§g FH@“F%FFaP@BQFVQ%Sb%r%iEHQﬁﬁﬁﬁ % %%hhqgl ahﬁe
circunferenti |l _panti o 2, As result,. .the 50 need nerely be

pl aced on the%J\f\e/ac\\,/é%gsﬁsd lEathg%@ ?ﬁ%r%&%?%éeﬁéet% lar}csh%%nbl y is inproved over

1Eih§i ﬁ” or art 1ci‘¥linﬁ}e&%bit§§1”889f$c¥eé hee b&?@'r%g:@or}% 13160n s9lgass or the
g of aresin filmby neans of a ring merber. |f the'cap 50 is
furni'shedigi th suf fiHd qRlvestiaBIBD, ikt fitted into the hole of holder
31. When this is done the outer circumferential surface
of the waveguide 30 and the inner circumferential
surface of the hole in holder 31 are secured to each
other by a bonding agent. Superfluous bonding agent is
15 forced into the recess 31D. This is followed by
inserting the waveguide 30 into the hole of holder 32.
The holders 31 and 32 abut against each other at their
large-diameter portions 31B, 32B.
The waveguide holder 32 is inserted into the sensor
20 holder 28. The distal end 28C of sensor holder 28 abuts
against a step 32C formed by the large-diameter portion
32B. The sensor holder 28 is inserted into a hole 10A
formed in the tip of the housing 10, and the flange 28B
of the sensor holder contacts the outer circumferential
25 surface of the hole 10A. The distal ends of the
waveguide holder 31 and waveguide 30 are inserted into

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

holder 31 abuts against the step 42 on the inner surface



- 23 0 7 APR 2003 wll not readily be torn by w ping off contam nants from
the infrared-transparent upper bottom Fig. 6 illustrates a nodification.
Here the structures of each of the rrerrber6 are illustrated in 5 soMetARR 2003
sinplified form and the wavegui de cap,” probe cover and front cap, etc.,
are not shown. Conponents identical to those shown in Figs. 1 to 5 are
designated by |ike reference characters and need not be described again.
Thi s applies taf athe gprabes 4fodi flheatfilangesdB 6O tbhetpbrded odd i$he i nner end
30b of the waveguide 30 is supported by being inserted into a hole in a
wavegui de hol deecB8tedree e hyoviskiew d0r byi scr@we #6fr aksdaseesokt 20 al so is
hel d by being fitted into the hole inside the holder 36. 15 Furthernore,

t he hol der 36 tke gl t4d Maveguigei hoddess Bhto3a hand thexefamsport bl ock
35 made of a netal such as alum num The support block 35 is attached to

t he housing 10ths v&&yeqisides A0 )Tﬁ@dpﬁéﬁéoiohpgdﬁ%’t adéheand ctherefafsort bl ock
35. 20 The .inner end 30b of the waveguide 30 and the infrared sensor_ 20 are
not in conPacttif t N ERIPDIIFESFowilig S FREVPPESERESIHBILR Hehe sk &f ve air
| ayer 34). Since the wavegyj de 30 and the infrared sensor 20 are supported
by the synt het 7€ R&i5+Hbi'der 36, which has a 25 | ow thermal conductivity,

th t ' [ ' t th | ' | ated f

cach ot her . The. out BS e L P YRS vl gt AP B ORETABE ¥ P EBht B wi th
th be 40. i I [ : t = ~ 3
corerpg:lgnte S. Thﬁ%%‘?lcﬁgﬁgﬁ %g:r%ta%?gg%‘ggﬁgﬁdggég%oﬁle %rle(g’en%rﬁﬁ;r%ggn t he

wavegui de 30, el PaRE AdrcHnhe192¥8¢! fe Hategu e St i have been

placed in a thermally insulated state. , a connecting nenber 38

havi ng tmocy?f@if@&é da&réﬁrmquobfditmehaubiﬁgan@t ers is attached to the
wavegui de hol der 36, and the infrared sensor 20 is held in the

| ar ge- di anet er por tTioe @itdhemdnrEctalg emenbana38f The wavegusndel Db of

t he waveguide 30 and ' 10 the infrared sensor 20 are separated from each
ot her (the insis a3itwmtsd dtapeprasimesiedysthet pepe poeihyioscas Hdatatt he
infrared sensor 20 is thermally insulated fromthe wavegui de 30. A
conpari son of ¥ gthe %R Pk m,r%’@r 4€t @Fe ash8wROF At 10N FFeevathoivatsht t he
i nner end 30b of the maveguiderﬁgéis in contact with the infrared sensor

20. Since the B e O (Hfe BERREr 2@nd 8082Bf (AT etV 30° HES-SFSmal |
surace, 2ige, AGGATUR LN Oh AR oS eI AORSRSEOR STl b
insulating they nfyared RANROLPRhtAM:! BEtWBYRILAdEoder end 30a of
waveguide 30 and the probe 40.
Further, the inner end (terminal end) 30b of
waveguide 30 opposes the sensor face (the infrared
20 incidence window, i.e., the silicon glass 25) of the
infrared sensor 20. The inner end 30b of waveguide 30
and the infrared sensor 20 are not in contact, a gap
(air layer) 34 residing between them. It goes without
saying that the central axis of waveguide 30 and the
25 central axis of infrared sensor 20 coincide.
When body temperature is measured by this infrared

clinical thermometer, the tip of the probe 40 is

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



A conmparison of Fig. 9 with the structure shown in Fig. 7 shows that the

i nner end 30b of the waveguide 30 is in contact wwth the infrared sensor
20. This node 25 also falls within the concept of thermally insul &7iARg 2806e
infrared sensor 20 fromthe wavegui de 3017 H gs. 10a and 10b show

nodi fications in which the inner end 30b is fornmed to have rectangul ar

not ches 30c 07 A'R ?.003 - or triangular notches 30d in order to

25
reduce, to thg,maxinum degre ossi ble, th rea et t he
i nner end BOb&@F ﬁéggﬁuggel %?éﬁé?iﬁu§qﬂ$ﬁr§P§8 g%ﬁégggg%gfﬁ.%ie,%%%norder to
enhance the i lLative et t t ) L.qum ssi bl e even though
t he waveguideg%gfﬁéern %6%?%6?6égt4¥aﬁ%;gﬁ§%g; ggggégg%P&%£%¥geThe not ches
may be of any , h 1 .GT ar t i nfpar i.ni,Ga
t her nonet er sﬁ%&%%?ntﬁgé.tﬁﬁqé§$%§%$ﬁ¢%ﬁé€ ggﬁsgfoég %@’gﬁgggdﬂ%%Side t he
inner 10 end v i Which is supported in the holder 36, in
spaced relatig%%%%?h%§e§g§c§¥éégnﬁ%5i nner surface of the wavegui de 30
(owing to provisio f Ps@r & The iRgbr é@gﬁpr 20 is
attached t% a boar ?_h%ﬂ??g%u?ga ?%Ji%%yﬁfhgg@%g Q%S ?% %ﬁ‘gds 12, the
infrared sensgp12@ri 38SHPROKAES diNydR Helhe cWaKsgNi des Bl i A reat _
i nsul ator 39 such as cellular plastic, expanded plastic or foaned plastic

(e. g. Styrofeam)in FRE hNhkck eTbwaN%Werd@1i sohheE BV iYy i fieH afetdlf rom the
waveguide 30 in this node as well. 20 Fig. 13 illustrates a tapered

wavegui de 30A,iwki.chcbagsoiestesice ernibeal yEfMow shendel in the direction of
the outer end 30A, in the arrangenent of Fig. 11. The insulative air |ayer
34 resides betmednctheitmherienbyBde okefehredavegas de 189 and the infrared
sensor 20. 25 Figs. 14 to 17c illustrate nodifications of the waveguide
cap. Fig.104 insydetangsmembridel im titiiscPacéipcepiobe thh)teB@Shas been
placed on the tip of the probe 40 and not on the waveguide 30, The cap 54
al so i s obtai né@Wp§onduchyvity memberiogadi nPegk al 151 S Hih gemrer
infrared-transgarent ugﬁer%fotpﬁpland gacir unferggtial wag whi ch ext end
fromthe uppeP BoCt 6 YFYM 2 syr?t ¥&®i ¢ 3FEsiAYSA ng%ipdree 09515' 50A shown in
Fig. 15 i s obtal b ) h Ln he area
of the flangebggag 3t¥%gn%§%%%q%ﬁg%%%ng? gg??%c%@o%{tﬂe 6$'b§H§%SPE reduced
to di mnish t hagamaenbueér @ad 30aREMbbeduiaemd heaid ahe 4Q -t 0aibe

wavegui de 30 via the flange 53 (i.e., to [essen the conduction of heat). 10
In Fig. 1 tB8 e@ipoSPBssesdeenich GleathénbhhagbvéFeifect. As a

result, the structure is such that heat transferred to

the tip of probe 40 is not readily transferred to the

waveguide 30. Heat is not readily transferred from the

tip of probe 40 to the waveguide 30 via the holders 31,

20 32, and heat is not readily transferred to the infrared

sensor 20 via the sensor holder 28.

Even if a small amount of heat from the ear orifice
is transmitted to the outer end 30a of waveguide 30, the
gap (air layer) 34 is present between the inner end 30b

25 of waveguide 30 and the infrared sensor 20, whereby the
two are thermally insulated from each other.

Accordingly, almost no heat is transferred to the

infrared sensor 20.



provided with several radiating projections 53b spaced apart from one
another. A cap 50C shown in Fig. 17a has a nunber of circular holes 52a
formed in the circunferential wall 15 portion 52. In Fig. 17b, thel7 APR 2003
circunferential wall portion 52 is forred8te have a nunber of slits 52b.
Fig. 17c illustrates a cap 50E having a nesh-like circunferential wall
portion 52A. Thus, by providing the circunferential wall portion of the cap

i th hol 20 | b ' h f [ i al |
por 11 on, the area oI Son(HEE W SEPERRETHES G Bl T o e TR hoat
diati ffect, Figs. .18.tqo 20 il]| t ' t] t
i rared cl i e ditnoteroengr Ptk A DaY FEbeS St i ng how
h ti t : f tgni ' tually b
per formad 18 TG Hihn SERECEnf §of BH 14 h A Hen e nBALPETE | ocat ed in an

envi ronment W&%{ﬁ&emerﬂtow %hkshBchS%fxger?eoffob AR %Q988§.2.75ir¥€émerat“re

range for norma operati on (a nmeasur a nperdture ran i's nmoved to an

enviTonmeng wWale dkeLeIPRRALUES, s Si 4l AdId) B HIPARUERD! Rot P erdt U @

range. The structure he infrared clinical” thernoneter may be any of
those of the eqhpdigrentsithielkyst kaked pRMd KA iQ:rsulfI%)EiE% hbgpet y UCiny e

according to the prior art. The infrared clinical thernoneter according to

this enbodi mederisoredy RReSsW bhtaréd Bypeiatfdcd e hyOheat Of diUGHE pl aci ng
the tenperature sensor in close proximty to the infrared sensor is

adequat e, the garmermlince eaetigbngest ement may be provided within the
nrared Infrared radiation that emanates from the ear
10 orifice (tympanic membrane) is introduced to the
infrared sensor 20 through the interior of the waveguide
30 so that a correct temperature measurement is carried
out. If necessary, the measured temperature is
corrected based upon an output from the temperature
15 sensor (temperature sensing element). The final
measured temperature is displayed on the LCD device 71.
The sensor holders 31, 32 may be made of a metal
such as aluminum. In such case the sensor holder is not
split into the two members indicated by numerals 31, 32
20 but may be obtained by integrating the two portions 31,
32. The recesses 31D, 32D are unnecessary. Heat that
has travelled from the ear orifice or the like to the
waveguide 30 is absorbed by the metallic sensor holder
and therefore almost no heat is transferred to the
25 infrared sensor 20.
The probe cover 47 is constituted by a ring 48 made

of synthetic resin, and a bag or sheath 49, which

consists of vinyl or other thin synthetic resin sheet,



sensor, as depicted in Fig. 18. In the infrared sensor 20 shown in Fig. 18,
the 15 infrared sensing elenent 21 is placed at the center of a circuit
board 23, and a tenperature sensing elgnﬁgt_ZZ is placed close to O/eAPR 2003
el ement 21. The elenents 21, 22 are coveréd by a netal cap 24 nounted on

t he board 23. A window 24a on the front side of the cap 24 is provided 20
with silicon glass 25. Fig. 19 illustrates the electrical circuitry of the
infrared cli niadsiaahest monrether rivgl t 4§e oTheupsolian gwfear dige widlchage and
signal voltage), which correspond to detected infrared radiation, fromthe
infrared 25 s Ry evegvidmg thef tapeamiesion oD digeasmyplist iex¢hianged
amplifier 85, and the anplified voltages are converted to digital signals
by an A/ D con&lt é& N8% CPYErdpgi 8aPesr@sel sPagis appln edhey aocHs, 80.

Li kew se, an out put 0 ~ aPR zog3 - 28 _fromthe tenperature sensing

el enent (tenpdiift HOPSFOYEY AFsBLFROERAVRY t SHhe FinHi4P i fditgedl by the
A/ D converter 84 and the digital signal if i nput, to the CPU 80. Wen a
power switch &S5 REFUSATaRECERBAIAR 5 ﬁ&&”%prbt% bager 6f 82 s

turned on, the ,CPU 80 executes~body-ienperature ne rement processing
based upon thgﬂ'{ﬁjt @%eo?%t’hgg?ﬁfgﬁr'é%es TR o et J’fl,at&?F?’&%t got he
nmeasur ed body I&ggﬁ&&kyr% in accordance with the output of the tenperature
sensi ng el enen as 16 necessary and causes a display unit 83 to display

t he nmeasured body tzgmrt%thureg %Eabrﬁg§%%%”g%£ys&?sejfh e Aednd %{rt"%%;s then

the power switch 81 is turne t execut es processi ri bed

later, based upfRA Ny YdsPvkel§ atBEchEAPErPldIrK, SRS 160 ifl-amerl 42 and
causes 15 the display unit 83 to display waiting tine. Fig. 20 illustrates

the procegsi ngnoeeae ethalfy 6he ShY BRe sHafhi €h HYDESRS st B8 ACRRd

det erm nes whet her neasurenent of body tenperature is possible or not when
t he power sw t&dB.81 Thes eheed 1hul sedl endernshd ifasX sredddapIgnthrsught
possi bl e, estimtes and di splays how much waiting tinme is necessary before
body- t enper at & é:ohgaddPertwhichepenetrpossibhe . screw hole 45) formed

in the flange 43 of probe 40. The end 61B passes
slidably through a hole provided in the board 17 and has

15 a contact 63 attached to its distal end. The shaft 61
is urged outwardly at all times by a spring 62 so that
the end 61A projects outwardly from the flange 43 at the
base of probe 40. The contact 63 is in contact with a
wiring pattern 64 on the board 17 (turning on the

20 switch).

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

25 the switch), whereby the fact that the probe cover 47
has been attached is sensed. Sensing of the attaching
of probe cover 47 may be adopted as a condition to start

measurement of body temperature, and an arrangement may



Let TH and TL represent upper- and lower-limt tenperatures, respectively,
of a tenperature range 25 (neasurable tenperature range) in which

nmeasur enent of body tenperature is possi%be (e.g., TH = 40C, TL =) 1QER 200k f
the power switch 81 is turned on, the r'eads 07 APR Z003 _ 29 in
the output of the tenperature sensing elenent 22 at this tinme and neasures
a tenperature Tal (step 91). If the neasured tenperature Tal lies within

t he neasur abl bet adpptatuie whicte {His-TeatenftH)is( 'iNGicatedt bpsa®2 and 93), 5
measur enent of body tenperature is possible. The CPU therefore causes the
di spl ay unit 83digadbspbayby hehe deD tdemtiqeeddur enent is possible (step 94)
and advances control to body-tenperature measurenent processing upon

wai ting for an inpét frpet €BE h@asﬂ@%ﬁﬁnﬁogﬁﬁﬁttQﬁMRﬁ9%eléo82}slf t he
measured tenperature_ Tal is outside the neasurable tenperature range ("YES"
at step 92 or regpvabhgnattpshed| s fanppddSretiiigean| ehigkheof tine, the
CPU reads in the output of the tenperature sensing 15 el enment 22 again and
measures @t efpéPgeufé FR2LAE BEFR F RFQRE &P -o5Y e £TPRE FRRpifature

envi ronment of _t he i nfrﬁr ed_clinical, thernoneter  ,has chagged {,ﬁ g., as when
r

the infrared ALEAi ¢8I MAAGr AbnEYRIPS Y DGR 3 rhSaPi8FE928Rr 6B% i n whi ch
th linical th t i t d.t m. i i
o SLLnTCel \DaeloTR shel FLoTF Ry YIRS e bod oporature

i s neasured), ure w e clrinica ernonet er
t he out put of § tenperature sensing elenent 22, also changes accordingly.

The CPU cal culates this amount of 25 change in tenperature in accordance

with ~Ta = ~Tal - Taqpt l4et 8t 8BS0 85ehdBlavd@ifid IdB t(lcovers! 8psadet i me from
the tine at which tenperature Tal was neasured to the tinme at which

tenperatur@ TadowaSin Fig8. #easdrsd. Thwe Wdverniildemeypbeoaiki xed | ength of
time determned in advance, or the passage of tinme fromthe processing of
step 91 to t hebpadnesdsbgpgintegtaplPSfomyirhe, ddopt @dsybthétiberpsesent
tenperature (Tal or Ta2) and the 0 7 APR 2003 anmpunt of change ATa in

t enper at ur e amsachnesnpoflfehhyhen€plbeyprenyilemes ant uppeTwbabtensaty f or
tenperature to fall wthin the neasurabl e tenperature range. Let the
function for tiireugdt whachohnprarsdradiatinp ficTallovgy. teoPFRe, f &ncti on
f(Tal,eTa) is expressed as a |linear approximation, by way of exanple. That
is, if we ass%cﬁlﬁg?r?ﬂ*éléﬁaﬂﬁgliwlf r lﬁoéltilguf%ﬁeﬁgl §{"?el ated to

passade ofs ) Mo bkt B LHACLRM: T dAlpb S AP aethlagn! gyl o5t form 15
protruding outwardly from the distal end of the
circumferential wall portion 52. The diameter of the
circumferential wall portion 52 increases in small
increments as the flange 53 is approached. The

20 thickness of the upper bottom 51 is on the order of 10
to 60 pm, and the thickness of the circumferential wall
portion 52 and flange 53 is on the order of 200 to 400
pm.

With reference to Fig. 3, the outer end 30a of

25 waveguide 30 has its outer circumferential surface cut

away slightly to reduce the wall thickness. The length

of the portion of reduced wall thickness is

approximately equal to the depth of the cap 50. The



which is below the lower-limt tenperature TL, to rise and attain the
lower-limt tenperature TL is waiting time Tw, then Tw is given by 7@@%““
foll owi ng equation: Tw = f(Tal,~Ta) = k(gg-Tal)Cﬂa 20 where k repﬂbs g %
constant, for which a value of 1.0 or gréatér is generally used. If tine
needed for the present tenperature Tal, which is above the upper-limt
tenperature TH, to f all to the upper-limt tenperature THis the waiting
time 25 Tw, thediubed-2hdckessbypbheidnl ddDWig @tieat iend 30« »ff (Tal , ~Ta) =
k(Tal -TH) ~Ta A tenperature TM [ _ (TL+TH)/2] m dway between these

t enper at ur es Wavebdidey 30e iasedvensd eay tlie Tdgp B9. n Ashe re8ultAPh | UU~ -
31 above equations. The waiting tine Tw can be estinmated utilizing the
ref erence vol ags ot e dfikehési pfeverted efim pegledmaitingnshead of the
out put of the tenperature sensing 5 elenent. Wien the waiting tine Twis
cal cul at ed (sti@y-egdpr oietbel vavageddei 3@ v whenlitdle dredpeonovhe displ ay
unit 83 (step 99). Thus, the user can ascertain approxi mately how nuch 10
time will De rdgderd@cBéfore the infrared clinical thernmometer can be used.

The inner diameter of the smallest diameter portion
of the circumferential wall portion 52 of waveguide cap
50 should be equal to or somewhat smaller than the outer
diameter of the outer end 30a of waveguide 30. As a
10 result, the cap 50 is in intimate contact with the outer
circumferential surface of the outer end 30a of
waveguide 30.
The waveguide cap 50 is placed on the waveguide 30
before the waveguide 30 is inserted into the probe 40
15 together with the holder 31. When the waveguide 30 is
inserted into the probe 40, the flange 53 of the cap 50
abuts against the step 41 on the inner surface of the
probe 40. This prevents the cap 50 from falling off.
The cap 50 that has been placed on the waveguide 30
20 contacts the probe 40 at the flange 53. However, since
the cap 50 also is made of synthetic resin, migration of
heat from the probe 40 to the waveguide 30 is slight.
An arrangement may be adopted in which, rather than
providing the probe 40 with the step portion (retaining
25 protrusion) 41, the flange 53 of the cap 50 is made to
contact the inner surface of the probe 40 with
appropriate force, and it may be arranged so that the

inner surface of the probe 40 is formed to have an



0O 7 APH 2003 - 32 WHAT IS CLAIMED IS 1. An infrared thernoneter
conprising: infrared neasurenent neans for neasuring tenperature of a
target based upon an output of an infrared sensor; tenperature neag grPReEn;
means for neasuring tenperature within~t K€ rnfrared thernoneter; neans for
determ ni ng whether the tenperature neasured by said tenperature
nmeasurenment neans |lies within a nmeasurable tenperature range of said
infrared nmeasumiAMr RIdve @BANSof BhaeSthévf iagera 3 idy dapmsot hat woul d be
needed for the tenperature neasured by said tenperature nmeasurenent neans
to fall wthirfitteddate ahie tammiaat greovangeAmharr Bajethed®! @iagi nat i on
nmeans has determ ned that the neasured tenperature does not |lie within the
nmeasur abl e t elevcather adoptegd, iandhirehnshé oend)i of Nthenatiidfdurdierentdtlt he
waiting time that has been estimted by said estinmation nmeans. 2. An
infrared ther mengt @oradoor dizngst provaded lon whies eimMmesaiai mesmifexensnadeans
estimates waiting tine based upon tenperatures neasured by said tenperature
measur emend neEmrlage WdASt aat inwerdiyfprephectinmesanmndn @uptrustioni me
between said two tines. .Ay?. A2. ANy2. A(S. Aa. A2. A, . A A n@ANI. A . A
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again. Thls applies to all of the modifications set
10 forth below.
The inner end 30b of the waveguide 30 is supported
by being inserted into a hole in a waveguide holder 36
made of synthetic resin. The infrared sensor 20 also is
held by being fitted into the hole inside the holder 36.
15 Furthermore, the holder 36 is supported by being
inserted into a hole in a support block 35 made of a
metal such as aluminum. The support block 35 is
attached to the housing 10 by screws 46A. The probe 40
is attached to the support block 35.
20 The inner end 30b of the waveguide 30 and the
infrared sensor 20 are not in contact with each other
(owing to the presence of the insulative air layer 34).
Since the waveguide 30 and the infrared sensor 20 are
supported by the synthetic resin holder 36, which has a
25 low thermal conductivity, these are supported in a state
in which they are thermally insulated from each other.

The outer end 30a of the waveguide 30 is not in contact

with the probe 40. An air layer 37 exists between these
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10% u& () - A0%u&ddg iHP@he 1arge-diameter portion of the connecting
member 38. The inner end 30b of the waveguide 30 and
’ 10 the infrared sensor 20 are separated from each other
(the insulative air layer 34 resides between them), so
that the infrared sensor 20 is thermally insulated from
the waveguide 30.
A comparison of Fig. 8 with the structure shown in
15 Fig. 6 shows that the inner end 30b of the waveguide 30
is in contact with the infrared sensor 20. Since the
end face of the inner end 30b of waveguide 30 has a
small surface area, the conduction of heat is not large
regardless of the aforesaid contact. This mode also
20 falls within the concept of thermally insulating the
infrared sensor 20 from the waveguide 30.
A comparison of Fig. 9 with the structure shown in
Fig. 7 shows that the inner end 30b of the waveguide 30
is in contact with the infrared sensor 20. This mode
25 also falls within the concept of thermally insulating
the infrared sensor 20 from the waveguide 30.

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

inner end 30b is formed to have rectangular notches 30c
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In the infrared clinical thermometer shown in Fig.
11, the infrared sensor 20 is placed inside the inner

10 end 30b of waveguide 30, which is supported in the
holder 36, in spaced relation with respect to the inner
surface of the waveguide 30 (owing to provision of a gap
or air layer 34A). The infrared sensor 20 is attached
to a board 17A secured to the holder 36.

15 In Fig. 12, the infrared sensor 20 is supported
inside the waveguide 30 via a heat insulator 39 such as
cellular plastic, expanded plastic or foamed plastic
(e.g. Styrofoam). The infrared sensor 20 is thermally
insulated from the waveguide 30 in this mode as well.

20 Fig. 13 illustrates a tapered waveguide 30A, which
becomes successively more slender in the direction of
the outer end 302, in the arrangement of Fig. 11. The
insulative air layer 34 resides between the inner end
30b of the waveguide 30A and the infrared sensor 20.

25 Figs. 14 to 1l7c illustrate modifications of the
waveguide cap.

Fig. 14 illustrates a mode in which a cap (probe
cab) 54 has been placed on the tip of the probe 40 and

not on the waveguide 30. The cap 54 also is obtained by
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transmitted from the probe 40 to the waveguide 30 via
the flange 53 (i.e., to lessen the conduction of heat).

10 In Fig. 16, the cap 50B instead of the flange 53 is
provided with several radiating projections 53b spaced
apart from one another.

A cap 50C shown in Fig. 17a has a number of

circular holes 52a formed in the circumferential wall

15 portion 52. 1In Fig. 17b, the circumferential wall
portion 52 is formed to have a number of slits 52b.
Fig. 17c illustrates a cap 50E having a mesh-like
circumferential wall portion 52A. Thus, by providing
the circumferential wall portion of the cap with holes

20 or slits or by using a mesh to form the circumferential
wall portion, the area of contact with air is increased
to enhance the heat radiating effect.

Figs. 18 to 20 illustrate an embodiment relating to

an infrared clinical thermometer that is capable of

25 clearly indicating how much time must pass before a
state in which measurement can actually be performed is

attained when the infrared clinical thermometer, located

in an environment where temperature is outside a
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P} PPP 5 may be any of those of the embodiments illustrated
earlier or may be the structure according to the prior
art.

The infrared clinical thermometer according to this
embodiment is equipped with a temperature sensor.

10 Though placing the temperature sensor in close proximity
to the infrared sensor is adequate, the temperature
sensing element may be provided within the infrared
sensor, as depicted in Fig. 18.

In the infrared sensor 20 shown in Fig. 18, the

15 infrared sensing element 21 is placed at the center of a
circuit board 23, and a temperature sensing element 22
is placed close to the element 21. The elements 21, 22
are covered by a metal cap 24 mounted on the board 23.

A window 24a on the front side of the cap 24 is provided

20 with silicon glass 25.

Fig. 19 illustrates the electrical circuitry of the
infrared clinical thermometer. Voltage outputs (a
reference voltage and signal voltage), which correspond
to detected infrared radiation, from the infrared

25 sensing element (infrared sensor) 21 are amplified by an
amplifier 85, and the amplified voltages are converted

to digital signals by an A/D converter 84. The digital

signals are applied to a CPU 80. Likewise, an output
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<YNC upon the output of the infrared sensing element 21,

corrects the measured body temperature in accordance
with the output of the temperature sensing element 22 as

10 necessary and causes a display unit 83 to display the
measured body temperature that has finally been decided.
Further, when the power switch 81 is turned on, the CPU
80 executes processing, described later, based upon the
output of the temperature sensing element 22 and causes

15 the display unit 83 to display waiting time.

Fig. 20 illustrates the processing executed by the

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

20 measurement is not possible, estimates and displays how
much waiting time is necessary before body-temperature
measurement becomes possible.

Let TH and TL represent upper- and lower-limit

temperatures, respectively, of a temperature range

25 (measurable temperature range) in which measurement of
body temperature is possible (e.g., TH = 40°C, TL =
10°C).

If the power switch 81 is turned on, the CPU reads
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10%&' () - gl VQdihpimeasured temperature Tal lies within the measurable
temperature range (TL<Tals=TH) ("NO" at steps 92 and 93),

5 measurement of body temperature is possible. The CPU
therefore causes the display unit 83 to display the fact
that measurement is possible (step 94) and advances
control to body-temperature measurement processing upon
waiting for an input from the measurement start switch

10 82.

If the measured temperature Tal is outside the
measurable temperature range ("YES” at step 92 or 93),
then, upon elapse of a predetermined length of time, the
CPU reads in the output of the temperature sensing

15 element 22 again and measures a temperature Ta2 at this
time (step 95).

If the temperature environment of the infrared
clinical thermometer has changed (e.g., as when the
infrared clinical thermometer is brought from a cold

20 room in which the clinical thermometer is stored to a
warm room in which body temperature is measured), then
the temperature within the clinical thermometer, i.e.,
the output of the temperature sensing element 22, also
changes accordingly. The CPU calculates this amount of
25 change in temperature in accordance with
ATa = |Tal-Ta2|/tl (steps 95, 96). Here time tl is

elapsed time from the time at which temperature Tal was

measured to the time at which temperature Ta2 was
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2WidE. @ 3 If the present temperature (Tal or Ta2) and the

amount of change ATa in temperature are known, then the
CPU can estimate a time Tw necessary for temperature to
fall within the measurable temperature range. Let the
function for this estimation be expressed by f(Tal,ATa).

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

i5 If time needed for the present temperature Tal,
which is below the lower-limit temperature TL, to rise
and attain the lower-limit temperature TL is waiting
time Tw, then Tw is given by the following equation:

Tw = f(Tal,ATa) = k(TL-Tal)ATa

20 where k represents a constant, for which a value of 1.0
or greater is generally used.

If time needed for the present temperature Tal,
which is above the upper-limit temperature TH, to fall
to the upper-limit temperature TH is the waiting time

25 Tw, then Tw is given by the following equation:
Tw = f(Tal,ATa) = k(Tal-TH)ATa
A temperature TM [= (TL+TH)/2] midway between these

temperatures TL, TH may be used instead of TL, TH in the
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gz[ <HX0 10 y)yloA%%e%)the waiting time Tw is calculated (step 98),

the calculated time Tw is displayed on the display unit
83 (step 99).
Thus, the user can ascertain approximately how much
10 time will be required before the infrared clinical

thermometer can be used.
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infrared measurement means for measuring
temperature of a target based upon an output of an
infrared sensor;

temperature measurement means for measuring
temperature within the infrared thermometer;

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

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

means for giving notification of the waiting time
that has been estimated by said estimation means.

2. An infrared thermometer according to claim 1,
wherein said estimation means estimates waiting time
based upon temperatures measured by said temperature
measurement means at least at two different times, and

length of time between said two times.



