ELECTRONI C THERMOVETER W TH FLEX CI RCUI T LOCATI ON BACKGROUND OF THE

| NVENTI ON [ 0001] The invention pertains to the field of electronic

t hernoneters and nore particularly the field of fast response el ectronic

t hernoneters enpl oyi ng a sensor probe. [0002] Electronic thernoneters are
widely used in the healthcare field for nmeasuring a patient's body
tenperature. TygilddlTRINGG rlOPERMONFER BFd bl T oF I C IREU I DriCATI@N probe wit h
an el ongated shaft. Electronic tenperature sensors such as therm stors or
ot her tenperature sensitive elenents are contained within the shaft
portion. | RAGBKEROVEPs P& ITHENE NYENTE ONncl udes a cup-shaped al unmi numtip at

its free end. A i i laced in thermal contact ith the al um num
tip inside the 6?9@%?13@3% %ﬁ¥$%€l%%déé%Eﬁ ?%ﬁt?sg%?agéﬁ}g48 exanple, in a
patient's smbethrohthe thiepmomeheatsedndpmbyet barpdicuénrtr'ls, hody fard & e

t herm stor asures _the ﬁe erature_of the tip. AdgitLonaI el ectronics
connected £8°EhBSEPRBEFORILECEERLIr EBREBRBRES TRay Be-oYidHk & REISAT hi 1 a

base unit pespected by wire to the shaft portion or may be contained within
a handl e of the _shaft ortion, for exanple. Electronic_conponents receive
i nput  from t he [8QAZ4r éiﬁﬁ%ﬁ@ﬂ&% ERE TR S R Dat ety suse@nberli®ire. The

tenperat ur geh$thRgRet x@'b@g! ey rdh3Rlsayed g0n paciksyals QujRut device such as a

seven segnent nuneri cal i spl ay device. Additional features of known

el ect roni cterperabrieer sTypélcade cdrciugnbre thempengters havel theotfiofivcat i on

such as a pee ng.;al e [ I Lsposabl r. Qr .S
typically ??tgegggégrﬁﬁﬁé EéhgﬁgﬂggFF@bﬁﬁgﬁg'd?25§§g§%gft3?“‘%?%&%ég of the
t her nonet eseheprsaniitar ysr tasongd stp@B08)r Bkbetr drmpetrhéumenstarss tharee many

advant ages,) gyer . conygntignal \Lher Terst et 200, Bave 8358l Ay one
version, the probe includes a cup-shaped aluminum tip at
its free end. A thermistor is placed in thermal contact
with the aluminum tip inside the probe. When a free end .
portion is placed, for example, in a patient's mouth, the
tip is heated up by the patient's body and the thermistor
measures the temperature of the tip. Additional electronics
connected to the electronic sensor components may be
contained within a base unit connected by wire to the shaft
portion or may be contained within a handle of the shaft
portion, for example. Electronic components receive input
from the sensor components to compute the patient's
temperature. The temperature is then typically displayed on
a visual output device such as a seven segment numerical
display device. Additional features of known electronic
thermometers include an audible temperature level
notification such as a beep or tone alert signal. A
disposable cover or sheath is typically fitted over the
shaft portion and disposed after each use of the
thermometer for sanitary reasons.

[0003] Electronic thermometers have many advantages

over conventional thermometers and have essentially

replaced the use of conventional glass thermometers in the



repl aced the use of conventional glass thernoneters in the 1 healthcare
field. One advantage of electronic thernoneters over their conventi onal
gl ass counterparts is the speed at which a tenperature reading can be

t aken. Several procedures are used to pronote a rapid neasurenent of the

subj ect’ s tRmMHRIANE. £ Q14 | ECIHE ey £ QY &8k 181 4O U581 c PERdEREhYEers
algorithns as part of thernoneter logic to extrapolate the tenperature

measur enent® o dfaiie cam@amhiiama!l i avhterintatrrit®e i3 ptho weedeatat a
t enper at ur gfieading dnh Aduance Qfadigy tddh rk?@“{)ﬁ}!&. eyl prjumw th the

body tenperature. Another technique hat can be enpl oyed sinul taneously
with a predirodegeired gord tyead sta et e prwbt nea nieegnatiie Gbdyhe

t enper at ur h prcﬁ%e f e ti 0es ct as a
heat si nk, Géa]OI%(@)%VC\/“lttngstt Zl{éel%f%%&ﬁeac a errpelr Li)ét]]ré;elﬂjc]l(%)‘}sée)d th% %ﬂgjsb%dy
t enper at ur @redtie i dllygoHaatning cara e ofacdompiarshisgr byogi a eisd st or pl aced
in contact w.th_the r.qbe.. Anot her therm stor b, | aced in contact with
t he probe te(%(tr]r:é—’lgguraéc ﬁglearﬁ)eﬁn e]:taﬁceurreesnllesafsourreln%e%esatf%gnt 3 probe, which is
used to contheamitserhdat icuntddt ivel @ sthe knipwtd ;e nisievaamt sol ator to reduce
heat loss fromthe tip to,.other parts of t _etsrgqrob.e. Co- gssi gned U. S. Patent
[

No. 6, 839, 6EPFidM SsdLatHdisd GFVARGs dt'dt HRFT 90 ncor por at ed

herein by refuignamsd.ur] M4 the assgrdeddetrabe, Adends cldiyide 9., the
therm stors _and resistor) is nounted on a flexible substrate that supports

and provi dédad| &8 RSaIeTEMESR iS9AU AN et dompidie Lrethe teti nati on of
the conponenigs rAnthnm tike fd ed e R & d sieman bh&d) lednse rdd e

circuit". The substrate nay be initially flat to facilitate ease of

mount i ng t 8@ Edmpomaitts ofhdthec@rane ey ifiam pdx thidn dfsoh nasseHbIas i nt o

the prObe'awa%%tsg@ﬁﬂj(gyﬂ&hiﬁf%j&J%@ﬂﬂf% reach a temperature close
to the body temperature more rapidly. Heating can be
accomplished by a resistor placed in contact with the
probe. Another thermistor may be placed in contact with
the probe to measure the amount the resistor is heating the
probe, which is used to control the heating. It is also
known to use an isolator to reduce heat loss from the tip
to other parts of the probe. Co-assigned U.S. Patent No.
6,839,651 discloses the use of such an isolator and is
incorporated herein by reference.

[0004] To assemble the probe, the circuitry (e.g., the
thermistors and resistor) is mounted on a flexible
substrate that supports and provides electrical connection
for the components. The combination of the components and
the flexible substrate is commonly called a "flex circuit”.
The substrate may be initially flat to facilitate ease of
mounting the components, but can be bent into position upon
assembly into the probe. More specifically, the flexible
substrate is bent to place one thermistor in position for
contacting the probe tip, and to place the resistor and
other thermistor in contact with a separator adjacent the

probe tip. These components can be glued in place with a



substrate is bent to place one therm stor in position for contacting the
probe tip, and to place the resistor and other therm stor in contact with a
separator adjacent the probe tip. These conponents can be glued in place
with a 2 thermally conductive adhesive in the final assenbly. However,

before the.pdhgsiye EsnBueught Lahas¢oRt agt LWkt binbhe ;capeagnt s_and/ or
before the adhesive sets, the conponents may undesirably nove. The result

of notion Bewevee, ihsliptecibnt adbasare of bheugbiponsnt SORtEIFtt a thi p
and/ or Sep@ﬁétQQmQBngﬁg% QPd?%QSBe%%EBeEQEUEQh%Qib@?s%'@alth%?se”bly'
y oul'd be

Preferably, suc sse ailures s m ni m zed dér avoi ded, and a
hi ghly repeatnpbhenasseall yndpsoceddyi mosdehi eTbd. rSUMULRY TORSTHEN KYENTI ON

[0005] 1 gne, aspeet of the Resent d pyention nan, el gehr gpic cper monet er
general ly %nprlses a probetip a apteS o b8 heated t0 a tenperature by an
obj ect for&hd/osesépapeasur tnghthe venpenatutemptrtharebjiacttheAfideflor mabl e

circuit elenent. includes_a detormable electrical. _.conductor d, at | east one
Cenper at ur 8 SEIRbY- coRTEEEEABtY" | CHENeRSSEPPLd) TeoHUacEor P CaBEect i ng. t he
tenperaturginimitbe probeotipd, AapHohehshalily suppartdlkhaspeadeyti p and
deformable circuit elenent and includes an end portion. A separator is
support ed ByOEReS pt BB EREFES-A | ocating nenber supported by the probe
shaft is forned for at |east tenporarily locating the defornmable circuit

el ement. [0006] In another aspect of the present invention, a probe having
subst ant i aPVYMERE SBENEHEOABVENELPYNn as set for in the preceding paragraph.

[0007] In yel apgbhsy aspeste ofsddies RILSEN HIMEN Oflyede 115 hogh of making a

probe for an el éctroni ¢ thernoneter generally conprises positioning a
def or mabl eetéctuphic thermometer generally comprises a probe tip

adapted to be heated to a temperature by an object forth
use in measuring the temperature of the object. A
deformable circuit element includes a deformable electrical
conductor and at least one temperature sensor connected to
the electrical conductor for detecting the temperature of
the probe tip. A probe shaft supports the probe tip and
deformable circuit element and includes an end portion. A
separator is supported by the probe shaft. A locating
member supported by the probe shaft is formed for at least
temporarily locating the deformable circuit element.

[0006] In another aspect of the present invention, a
probe having substantially the same construction as set for
in the preceding paragraph.

[0007] In yet another aspect of the present invention,
a method of making a probe for an electronic thermometer
generally comprises positioning a deformable circuit
element together with a probe shaft and deforming the
deformable circuit element. A locating member is connected
to the probe shaft. The deformable circuit element and
locating member are interconnected for use in locating the

deformable circuit element.



el ement together with a probe shaft and deforming the deformable circuit
el ement. A locating nenber is connected to the probe shaft. The defornabl e
circuit element and |ocating nmenber are interconnected for use in |ocating
the deformable circuit element. 3 [0008] O her features of the present

invention will b®odgl petheappacenteandri Rhpapt-cpenmt edveut iker eiinaf ber .

BRI EF DESCRI PTION OF THE DRAW NGS [0009] FIG 1 is a perspective of an

el ectroni ¢ 11t R&GorRRFEe Yoy} M @2LF RO iRG PEethsec bra&E$F obe of the
electronic thernmoneter; [0011]] FIG 3 is a fragnentary perspective of the
probe with parts broken away to show internal construction; [0012] FIG 3A

is an enl arged, BRIEGnERHRLI RGN & HFHE (I ibNbe; [0013] FIG 4 is an
expl oded per speo[go\b%]pf ragf ?Xiscbrégk%PeE@E@%ﬁBQr a@ndikgelaler of the

probe; [0014] FI is a perspecti t he ex circuit received in the
separ at or dureimgpressatbl y; [0015] FIG 6 is a perspective of the separator

and the flex circuif, d rmed.to_receive the isqlatqgr: . [0016] .FIG 7 is a
per spective of t[k?(eblie(l)t seﬁ%gég%fllaxa E?FEBFF%lggpgga oprgr]?% P;fo}tgteor with a
tip of the diraheorliel nhgrragettaver the isolator; [0017] FIG 8 is an

enl arged perspective of the _isolatqgr; [0018] FIG 9 is.,a top side
perspective of af®dr FY&rsPomSof ﬁaQQSPE? Y P&FSReRFOBE 8& §Ih§econd

embodi ment ; ro[b%oléa]thFIf@_rthO HroleP Al 8misd dderispectiae @ndtheucisedator of
Fig. 9; [0020] FIG 11 is an elevation of a flex circuit of ,
[0012] FIG. 3A is an enlarged, fragmentary section of

the probe;

[0013] FIG. 4 is an exploded perspective of a flex
circuit, separator and isolator of the probe;

[0014] FIG. 5 is a perspective of the flex circuit
received in the separator during assembly;

[0015] FIG. 6 is a perspective of the separator and
the flex circuit deformed to receive the isolator;

[0016] FIG. 7 is a perspective of the assembled flex
circuit, separator and isolator with a tip of the probe
being placed over the isoclator;

[0017] FIG. 8 is an enlarged perspective of the
isolator;

[0018] FIG. 9 is a top side perspective of another
version of an isolator for a probe of a second embodiment;

[0019] FIG. 10 is a bottom side perspective of the
isolator of Fig. 9;

[0020] FIG. 11 is an elevation of a flex circuit of
the probe of the second embodiment;

[0021] FIG. 12 is a fragmentary section of a free end
of the probe of the second embodiment showing a flex
circuit inserted into a separator and probe shaft;

[0022] FIG. 13 is a fragmentary section of a free end
of the fully assembled probe of the second embodiment;



the probe of the second enbodinent; [0021] FIG 12 is a fragnmentary section
of a free end of the probe of the second enbodi nent showing a flex «circuit
inserted into a separator and probe shaft; [0022] FIG 13 is a fragnentary
section of a free end of the fully assenbl ed probe of the second

embodiment; 4 [@38h1Fl£rc1414S astoPcshde perspechbyeioL 88 ahsolator of a
probe of a third enbodi nent; [0024] FI 15 1s a bottom si de perspective of
the isol atteoleftor ¢f B4prade [(G025|tHRIE empddimerftiagnent ary section

simlar to Figohdqbubsehoping. the probe of 2 pobcd enbedi gen,. [0026]
Correspondi ng reference characters i ndicate correspo 8|ng parts r oughout
t he severalisvilewsrobft e g.drlgw ragsl DETAI LED DESCRI PTI ON [ 0027] Referring

now to the draw nd_in particular to Figs. 1 apd 2, an.electronic
Cher momet or condOPaSedt I Gcob? df figet 6% ERECRF PR BRE-8R’ FRELpREsERY
i nvention iFsg.i ndi catied sgpenamndl ltheatprbbelhes &l adtirenicnddieimeet er

conprises a tenperature calculating unit, indicated Egnerally at 3, that is
si zed and shaped®086ie FReTHesSRonfor?abicranthechandcHerFhéndaraétifati ng unit

3 (broadlycor2eRB88 YR Parlts GeReRAPEHR helibal1 aard,» of o probe 7
(the reference nunerals indicating ttheir subjects generally). The probe 7

is construdredifgs. contacting the object (e.g., a patient) and sending
signals to the calculating unit 3 representative of the tenperature. The
calculating unit 3 receives the signals fromthe probe 7 and uses themto
cal cul at e DREAILEDPOESCWI®TION table circuitry for perform ng these

calculations is 639431 Ned- W LOLD 3, 00HS 10 %400, f18s and in particular
to Figs. 1 and 2, an electronic thermometer constructed
according to the principles of the present invention is
indicated generally at 1. The electronic thermometer
comprises a temperature calculating unit, indicated
generally at 3, that is sized and shaped to be held
comfortably in the hand H. The calculating unit 3
(broadly, "a base unit") is connected by a helical cord 5
to a probe 7 (the reference numerals indicating their
subjects generally). The probe 7 is constructed for
contacting the object (e.g., a patient) and sending signals
to the calculating unit 3 representative of the
temperature. The calculating unit 3 receives the signals
from the probe 7 and uses them to calculate the
temperature. Suitable circuitry for performing these
calculations is contained within a housing 9 of the
calculating unit 3. The logic in the circuitry may include
a predictive algorithm for rapidly ascertaining the final
temperature of the patient. The circuitry makes the
calculated temperature appear on a LCD display 11 on the
front of the housing 9. Other information desirably can
appear on the display 11, as will be appreciated by those
of ordinary skill in the art. A panel 11A of buttons for



calculating unit 3. The logic in the circuitry may include a predictive
algorithmfor rapidly ascertaining the final tenperature of the patient.
The circuitry makes the cal cul ated tenperature appear on a LCD display 11
on the front of the housing 9. Qther information desirably can appear on
the display 11, as will be appreciated by those of ordinary skill in the

art. A pangbekbAioly Bl ae imdx aper atd nddded et efe 1ths | ocated
just above the_ display 11. [0028] The housing 9 includes a conpartnment (not
shown) gen&igPlyYattlt-he rear of the housing that can receive a distal

portion of the pp@Pe;7 tRLonbhsiRQuUSi Re-15QEshal dbRgatRRepioh@cgnd isolating
the distal portion from the envifonnment when not in use. Figure 1

i |l ustrateshona) gedisgai eiatg Ha &R by &t Hdrothifars Hghd KLt f¢3I t he

conpart ment..i.n:preparatd f . i | tacle 13
that recei %gs?@alpfgu%t %%g%goﬁ%%ﬁ so-t?(;ﬁc%gwa&%a%t glnr&% %pr%%%ﬁggd\iers (not
shown) . | nfogehotflhiénigopshef prdiee @ard drs @ &tsi rerhee dl 1 shepo Pk opent mmds  of
the probe %ng%iry&%e 'tsk@'enpg{ote a7, 9fsd he Arofe 7 can be jnsert I nt o
t he open end of the Carton and ‘one "of e probe ~ covers can be captured
(e.g., snappetel Nt bpiay awillear by edesothder Pustertsl e ecHeocated at the
junction of a hgndl& 17 of the q{.obe wWth a \&rob&}nshaft 199 The }probe
shaft is pFOtBEEEd S o e &MtRATTAIOh (47 covel® B HHE 7 A5 For ti on
of the probershabitate 93 n3ert edediofes exanltablidtapra Patd endiich it h. A
button 21 on the probe handle 17 can be depressed to cause the pushers 15
to nove f6r CREFERsNG Tt e Opols® VEFFer (Mo RN pr o difit B® tBufequent

to use, thenpreheteaver 16N ARvAE gt dd Ryen WBYE Qff Gald YWidKe and

rel easi ng probe covers may be used wit hout départing fromthe scope of the

present in¢eferen. The distal portion of the probe can be inserted
into the open end of the carton C and one of the probe
covers can be captured (e.g., snapped into) an annular
recess 14. Pushers 15 are located at the junction of a
handle 17 of the probe 7 with a probe shaft 19. The probe
shaft is protected from contamination by the cover when the
distal portion of the probe shaft 19 is inserted, for
example, into a patient's mouth. A button 21 on the probe
handle 17 can be depressed to cause the pushers 15 to move
for releasing the probe cover from the probe shaft 19.
Subsequent to use, the probe cover can be discarded. Other
ways of capturing and releasing probe covers may be used
without departing from the scope of the present invention.

[0029] An aluminum tip 25 at the distal end of the

probe shaft 19 is heated up by the patient and the
temperature of the tip is detected, as will be described
more fully hereinafter. The probe cover is preferably made
of highly thermally conductive material, at least at the
portion covering the tip 25, so that the tip can be rapidly
heated by the patient. Referring now to Figs. 3 and 3A,
the tip 25 and distal end of the probe shaft 19 are
partially broken away (or shown in section) to reveal

components used to measure the temperature of the tip. A



[0029] An alumnumtip 25 at the distal end of the probe shaft 19 is heated
up by the patient and the tenperature of the tip is detected, as wll be
described nore fully hereinafter. The probe cover is preferably nade of
highly thermally conductive material, at |east at the portion covering the
tip 25, so that the tip can be rapidly heated by the patient. Referring now

to Figs. 3gapdrdfAly theullbp 2°pandtdirst glenend1afy tiheliakel shaft7,19are
partially groken away éor shown in section) to reveal conmponents used to
measur e t hBOHBABEr aPuteSoflithélt ifpd A% tgéneraley shadh dr séphrattsmas
general |y pBadibealed ahtd7thks op@@UnREcan othendi gl 28nd it e PreRe shaft
19 and exténds generally into the open bottomof the tip 25, but does not
engage t heePPpIeARhEsELat or Anndisedeé@ rgdneigeltedaers riad 1 nsiint%ed i6n t he end
of the sepgrahpkg24,aRHee0gages khe tiePard?ok0h7Used dngdhgdip on
t he probe s%a?? 19.,nThee probe shaft,elﬁg Zg, separatogﬂ%%ﬂ%nd isolgior 29
(broadly, 2%afpocasengnnawvetinpgmipebd ipownethed Prodet Isda fitn 1@ .suilthebl e

f ashi on. ' it,.geperally._indicated 31,4 S f-Qr mabl e
substrateAgggﬁéu%b%%g’atﬁgpa%fhgr a§?g9%32? gﬁ§95§%§ﬁgﬁﬁ{%@féﬁ?f%?“%@ and a
heating ré&si$bortldfg(mempeki"y. md)y. bEheonnpctledr mogtedthe35 linsain t herma

contact with.the.tip_ 25, and the.separator.. therm stqr 37 and_ heating

Fesi ator 38UAFEDIR ERERHAN. cBntASE wirfiithe Separatar pCETRT Fioe

appr eci at ed1t hahclotber aedecbrinadll ec epenedts G3otmosiawmy and i@t her
arrangenents and nunbers of conponents. may  be usgg withoutshte departing from
the scope 6RefRESHPEsERY Pnﬁ@ﬁ??@ﬁpr[66§6%l?ﬁ8rt' PREr fi SEGE13Y, separ at or
therm stor r34; sapd Besi(star, %QgQrQ)QOW¢h%th% hatt-anises( ot ishawn) | ocated
in the housing 9 of the thernometer 1. It will be wunderstood that other

sui tabl e pbheFmsbureBsaesudthethe tip 25, and the separator

thermistor 37 and heating resistor 39 are in thermal
contact with the separator 27. It will be appreciated that
other electrical components (not shown) and other
arrangements and numbers of components may be used without
departing from the scope of the present invention.

[0030] The tip thermistor 35, separator thermistor 37
and resistor 39 are powered by batteries (not shown)
located in the housing 9 of the thermometer 1. It will be
understood that other suitable power sources could be
employed. The power source need not be located in the
calculating unit housing 9 and it is envisioned that the
calculating unit 3 could be omitted within the scope of the
present invention. The tip thermistor 35 generates a
signal that is representative of the temperature of the tip
25. The signal is transmitted by one or more electrical
conductors in the flex circuit substrate 33 to the
circuitry in the housing 9. The separator thermistor 37
generates a signal that is representative of the
temperature of the separator 27. The resistor 39 is
powered by the batteries and heats the separator 27 so that
the aluminum tip 25 can reach the temperature of the

patient more rapidly. Monitoring the temperature of the



enpl oyed. The power source need not be located in the calculating unit
housing 9 and it is envisioned that the calculating unit 3 could be omtted
within the scope of the present invention. The tip therm stor 35 generates
a signal that is representative of the tenperature of the tip 25. The
signal is transmtted by one or nore electrical conductors in the flex
circuit subsprateod3 270 wilth thia addanatiar thedmousicly I dheowepatat or

therm stor 37, .generates a si.,gnal that is representative qf the enper at ure
of the SepAFALdRarPt THE Tod St 30 1% RSoveiad by dhe batash | Sar St heat s
the separatet 2As%@nidegt thheseddmavamAi ka2b ean diedc therdeigey at ur e of

the patient nore rapidly. Mnitoring the tenperature of the 7 separator 27
with the s8fair&for Pifrertticdy %@?%IHI%\%WWGM iary e tHRPFEsiU or 39 to

be control hed rko oheste a@fhfeeCla prlellsd INIANE Grendf SQART At OFn & 75 G 6h
initially rapidly heated, but then heated intermttently as the separator

nears or réaeheyesafionssifedesa apmmonants amee M@t itth thawe oderati on of
t hese conpgggg}lgr%r %kl&rlqv\qﬁt qﬁt@%q: of ordinary skill in the art. [0031]
ig. 4, the

Referring now to ex circuit 31 (broadly, "a deformable
circuit el ement'IP03ddparBederg¥nandowi sol Bigr 29 dhe &t¢hanmatircaliky3l

illustrate ri.or _to,ass lv. . The f.l.ex .cirguit suyhstrate flat,
cruci form H%ngtl Kat %n Idgers%)) rﬁeafb -oliremecdl rv%luﬁccd ot 1 i’ntS%Q%rga?t%g;S)Zafaatrlocf 27.
To assenbl esbhetblre® Sciareuisichghaaric a ldaparldtust ratedanm o3 taf the fl ex

circuit substrate 33 e ent i.nwardly toward each other (in the directions
i ndi cat ed Bf?sﬁf“&]g%s iﬁ%ﬁi 5364‘) I st“&?é":‘tfrl%? ?&’ﬁraﬁ% a Tate assunes a
somewhat cyhrugdiricgal steple Giaat ien eyl ddfemeepaiailer ddierfitstiont 34 rand
resistor 39 are |ocated on the outside of the flex circuit substrate. The
fl ex separator 27. To assemble the flex circuit 31 and

separator 27, arms 43 of the flex circuit substrate 33 are

bent inwardly toward each other (in the directions

indicated by arrows in Fig. 4) so that the flex circuit

substrate assumes a somewhat cylindrical configuration and

the separator thermistor 37 and resistor 39 are located on

the outside of the flex circuit substrate. The flex

circuit 31 can be inserted through a larger open end 45 of

the separator 27 to a position in which the separator

thermistor 37 and resistor 39 are located in a neck 47 of

the separator, and a head 49 of the flex circuit substrate

33 mounting the tip thermistor 35 projects out of a smaller

open end (not shown) of the separator (see Fig. 5).

Preferably, the flex circuit substrate 33 is resilient so

that the arms 43 tend to push outwardly against an interior

wall 51 of the separator 27 to bring portions of the outer

surface of the substrate opposite the separator thermistor

37 and resistor 39 into contact with the interior wall. A

thermally conducting epoxy or other suitable adhesive (not

shown) is preferably applied to the contacting portions of

the outer surface of the substrate 33 and/or to the

interior of the neck 47 of the separator 27 prior to

insertion of the flex circuilt substrate 33 so that when the



circuit 31 can be inserted through a |arger open end 45 of the separator 27
to a position in which the separator thermstor 37 and resistor 39 are

| ocated in a neck 47 of the separator, and a head 49 of the flex circuit
substrate 33 nounting the tip therm stor 35 projects out of a smaller open

end (not skowa)reftet @Qrﬁﬁmrsaﬁr@rke( st wh)th tirefieradddor twel f 13X circuit
substrate 33 is resilient so that the arnms 43 tend to push outwardly
agai nst anOitntdei 8 cknaltineyl adre tird S dpaPdtds® 27 to bring portions of the

outer surface qiobq SwPSLfalfgOPROBLEE éhetﬁgpaéaaoagt Ber ghat @lex37 and
resistor 39 into contact with t%e intefior wall. A thermally conducting

epoxy or OCAEEUS( BabISE radifesidd Y ANt SHGWN)LN @ srestediably EpmLtafth t he
contacting B%Tl'g%%t%n ta?ﬂ%l Qufer; srfrage of sthe R uRptdalse 3@ andlor to the

interior ofc t he "neck 47 he separator 27 prior to insertion of the flex
circuit sulbdtcaté 33 ¥dthhathewrentt heagl helista atesqiored oims aedentoonlt act with

the interi I they are [.O ferring
to Fig. 6, 8?ﬁ\é@hga§%4§% thtréh Ciigt ngl r(r:[ﬁll t . %bl%[ ogt?ggﬁm gﬁ@ 05\3; in a
general |l y i(breatiég- U" loaaftiiguyr &tﬂmtamﬂa"t)hdacacﬂeat am z5 |anrrﬂ1ved onto the
flex circ wi th the bent bei n recelve i.n ent r al ni ng 55
of “the' i sof APBEEehS SFEGER o 54 Rhe 4 S R Aty
structure")nkoecahedcentanli mpehind aret e;reesuarlfs@cem@a o) th@nestté@tmry and

proj ecting |nwardl intq the ce | opeln 5 see also Fi 8).
Pr ef er abl y P&t Fréoll%loét 32) 3§ F‘?‘%&d’& dPathdts i% RBPYHoor  t her mal

conduct or Ttﬁemftnlallrrbégdh&%rialtoc@mmmlcz@t itee ragtVveRmurie 44 b2 et drhe
separator 27. An aperture 63 in the head 49 of the flex circuit substrate

33 is aligihB8 ®ilPh25t RBANGHSSFEPAET L 20r-ce ARolPASTS Wife hedd: 49'%f t he
substrate 33,;hn4bherbenl riRvErdi8da PSR ties 3€li8as8d.gned with

the nub 57. When a force holding the head 49 of the
substrate 33 in the bent, inverted-U position is released,
the head tries to move back toward its unbent
configuration. The movement of the substrate 33 causes the
aperture 59 to move over the nub 57, capturing the free end
of the head 49 and preventing it from moving further toward
its undeformed configuration. A diametrically opposite
part of the head 49 engages a side of the interior diameter
surface 59 of the isolator 29 generally opposite the nub
57. An adhesive may be applied to further assist holding
the head 49 on the nub 57. The isolator 29 can be pushed
down (e.g., press—-fit) onto the separator 27. In this way,
the isolator 29 can act to preliminarily locate the head 49
of the substrate 33 and the tip thermistor 35 prior to
final assembly. This accurate location of the flex circuit
31 is highly repeatable for manufacturing assembly of the
probe 7.

[0033] The tip 25 can be secured to the subassembly of
the flex circuit 31, separator 27 and isolator 29, as
illustrated in Fig. 7. The resilience of the flex circuit

substrate 33 causes it to act as a spring in its deformed



the head tries to nove back toward its unbent configuration. The novenent
of the substrate 33 causes the aperture 59 to nove over the nub 57,
capturing the free end of the head 49 and preventing it from noving further
toward its undefornmed configuration. A dianetrically opposite part of the

head 49 engaggstaosi e @fidsheHatm@rd:orcidicane efeas WS agel Shoftige isol ator

29 generally opposite _the nub ~57. An adhesive may be appljed to further
assi st hol &%ﬁﬁmltsﬁé?rhe?’éd tayagd (e ddp % - Thte 9ol a{ttbc?rrp“%?l P e hhed

down (e.g. a poesSohi b)f @M Hrl Sppaailaly 2ppddi ddito Waye tide isolator 29
can act to grel imnarily locate the head 49 of the substrate 33 and the tip

t her mi st or t3STRAEER T FLth fdie dddenblA SRS &% WIS 135S 61F dFaY IR £ 1 ex

circuit 315b3iBhobhy therertallf Jornmnuiad wdig Assedlyeof 4he miobe 7.
[ 0033] The Fl p 25 can be secured to the subassenbly of the flex circuit 31,
separ at or 2PoZid Cegoledtser P29 appd 169 Iugsteidthed iar FqRh 2f THee meiti®nce of

the flex ci[Ccui tr i ot Spri N4t ef or med
o cond 11 08 ¢ 5 i S5 ERe TEER el rau thisd g it CPHETS oTer 3
toward thettibp225 fod gbed imtemelr conttdet tGfp. a Thor thiign f itsheuset
general ly opposite to the. ti t herm stor. . wth the tip., An X r_.other
adhesi ve nﬁ@egethgp&eipgga&?r{)hzg ssé)parprhaattort%tbaetntt ﬁleeabcgsllego\ocfﬁﬁlheéln%c C 47, An
epoxy can alizeube applsited tico 38,t e drsdieitorof2 % kendparttd areclofd 't hef out er
surface of the head 49 that w | 'COQ{ act .the .ti %§5 nd the interior of
the tip. TheSt FFP2EatepERed CEHEL HE §g‘§artahpo 7 96'% HaP t he bent head

49 of the thexmigitbeuidb Syb$idsaitd ohed the theoliatdarat2d awd dhemack iy of
the separator are received in the tip 25. The tip thermstor 35 is

posi ti onedPBY tERE PSolF&For U TsSHHACS d P6r (et S - 1ol BPIUrtace of
the head dipecthy @RRO®lils®or will make contact with the tip 25

substantially in its center. Preferably, the center of the
tip 25 is sﬁbstantially flat to further facilitate good
contact for transfer of heat from the tip, through the
substrate 33 and to the tip thermistor 35. The epoxy can
be cured to finally secure the tip 25 and portion of the
flex circuit substrate head 49 carrying the tip thermistor
35, as well as securing the portions of the flex circuit
arms 43 carrying the separator thermistor 37 and resistor
39 to the separator 27. The bottom portion of the flex
circuit substrate 33 can be slid into the probe shaft 19
and electrical connections made at the handle 17 of the
probe 7 for connection to the cord 5 and hence the
circuitry in the housing 9. This assembly step may occur
prior to the steps of deforming the flex circuit substrate
33, and applying the separator 27, isolator 29 and tip 25
that are described previously herein.

[0034] Referring now to Figs. 9-12 a probe 107 of a
second embodiment is shown. Parts of the probe 107 of the
second embodiment corresponding to those of the probe 7 of
the first embodiment will be given the same reference

number, plus “100”. An isolator 129 of the probe 107 is
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the tip thermstor will make contact with the tip 25 substantially inits
center. Preferably, the center of the tip 25 is substantially flat to

further facilitate good contact for transfer of heat fromthe tip, through
the substrate 33 and to the tip therm stor 35. The epoxy can be cured to

finally segwoent ke tdompdd sandy RErdi amohdiieg fd ex i reui | sabsig at e head 49
carrying the tip thermstor 35, as well as securing the portions of the
flex circud®nUdems 543 rdarkld FERIE 9t eh 19H IR 87 /TR reastSir 39

to the sepyrat@l &fsklne DA PY 10N Froddhe Jilax cifd reidt sebsigate 33
can be slid into the probe shaft 19 and el ectrical connections nmade at the
handl e 17 dPceped pbee *hieort arpmfedthcolitsk t h& heormd & fwem helt dhahed

CLrcultry b;bhe Ui 3onthisS ASERIMIN |5t oA JIBK QREWe r I Plet0 Lhe steps
of deformng the ffex circuit substrate 3, and appl¥ying the separator 27,
i sol at or 2%haitd exitpn2s upweatd drmmdes drarbediideed dudl o therled 14100349
Referring togki gs., 9-12 r.0 7. of. a. co q@_o i i hown.
Parts of tﬁg\ﬁlﬁr’ogé '10?’ ?):fejst%ﬁg‘e%ste?(;%nctjipteor}:b()l&?jr%ecﬁatececd;r eespoaﬁldllrgﬁgg% oﬁtorsmse of

t he probe depkendishe rionr $theerbicd rte® (Wiild. B )gi varne hee sianeentef syenoer

nunber, pl "100". An _isol.ator_ 129 of the probe 107 is 10 shown t nprise
2o ok 108 TREVPAG 2 GRHETRIGY SHEHAT AN PP bty fram | he
peri pheral tedge esegids tofrdulg dj'h‘.ék.rke%ithi@tnftf)flmfch]t‘l)rf o«yﬁﬁ;i Vi 3)h, thlaqeclic sk 108
is locatedq above the top of the disk. The platform 114 has a pair o

prot r usi ondCEREOLhLEHdRY, raSddatsiid YsttefQTmee e/ a%at® Yo @i Uphvd % r om a

top surface #be0f1bhe chledl QR oifrisi 9, At @sid ientidcnatey i ndi cated
generally at 120 depends fromthe disk 108 (Fig. 10). The resilient |ocator
120 has a §éRet&Lrylt gouPanesigp® fanded@moneng & rehanaP1in2 thehat ext ends

through the pegitbi-enbql acat@e 9.4 %%krn@qu insulating material
that is also resilient for reasons explained more fully
hereinafter.

[0035] The probe 107 includes a flex circuit 131
comprising a deformable substrate 133 including a pair of
arms 143 and a head 149 (Fig. 11). 1In its undeformed
position, the arms 143 extend generally parallel to the
head 149 along opposite sides. The ends of the arms 143
are formed with enlarged stop tabs 144. The tabs define
shoulders 146 at their intersections with thinner parts of
the arms 143. A separator thermistor 137 and a resistor
139 are mounted on respective ones of the stop tabs 144.
The distal end of the head 149 is formed with notches 148
on opposite sides of the head. A tip thermistor 135 is
attached to the flex circuit substrate 133 between these
notches 148. The flex circuit 131 can be assembled with
other components to form the probe 107.

[0036] Assembly of the probe 107 of the second
embodiment may be carried out as follows. A tubular
separator 127 is attached to the distal end of a probe
shaft 119 in a suitable manner such as by applying epoxy
150 to the upper end of the shaft and/or lower inside

11



| ocator 120 is resiliently deformable, as by deflecting to a nore flattened
configuration, for use in locating electrical conponents of the probe.
Preferably, the isolator 129 is nade of a thermally insulating materi al
that is also resilient for reasons explained nore fully hereinafter. [0035]

The probe é@ZmbE%kU@?stﬁef 's% Cr'art%‘f't 13 prepaRLitSigg f%rdesfu%@ﬁie‘%twbs”ate
133 including a pair of 3 and a head 149 (Fig. 11). In1ts

undef or medatpashmios, Stﬁ@Sar@Bth¢3m@%ﬂ@n@O@éW@m¥W%/q&ﬂ&ﬂIm§Yth$the head
149 al ong %ﬁﬁ?%%ﬁetﬁ'gﬁﬁdglg t%%q lgﬁggh%3§2g%a%%§at% Q&&E%%%%E'1§%”'arged

stop tabs e tabs oul their intersections with
t hi nner paahd oésmheraﬂﬁ@ 143heAe9@pIarr akbgr behepmlstor ak37 Sdhd ca thesiest or

139 are nou es ectlve ones to ab The .di stal end of
t he head 133 %8?%988 ReR&Eched 1X§H% % o%p%5| é%sﬁdégloﬁﬂﬁhe head. A

tip thernisherm1350m513autaebadat@rthﬁe&hastomraGWta&@b&@mabao&333@etmeen

th tch 148, The f t. 33 b mbled with
Component SSF6 16T OB B8 10 J0630 SACOEnERY Pof WG gy GHPSIOF B t he

second enbadi ﬂﬁnthﬂBYeﬁﬁo@@ml’eths@UPcha% ftaklows redtiybWort ackeparat or 127
IS attached to the distal end of a probe shaft 119 in a suitabl e mgnner
such as bytaBplyPnglepsRParesEert ¢ thérﬁﬁﬁéFtéN& ¥ -t h&OUeIE rartdiort 1Power

inside 11 djappistoef 18he %%Qa&attgrr thR rRieraratizon Jher reshsequentso
attachnment steps, a t her nal | y conductive epoxy may be applied to the tip

t her ni st or c@85d b@pﬁﬂé?@ﬁ fReBnTIOE6r CPBYENZAGTASS POSAL 189 ONTH&cepoxy may be
appl i ed atlﬁ?Edéogghﬁﬁé f?EQCEE&%ﬁhtC%GB@@%%%%ang% wiil lo be Jnoted t hat the

tip thermstor separator therm stor resi'stor 139 are ocated
on the "oussbdetabe dheeﬁtéy contact sstihst tateand separator rather

than the electrical components). The flex circuit
substrate 133 can then be pulled through the probe shaft
119 from its distal end until the shoulders 146 on the stop
tabs 144 of the arms 143 engage an annular distal end
surface 154 of the shaft and resist further movement of the
flex circuit relative to the shaft (Fig. 12). 1Instead of
bending at right angles to their length like the cruciform
flex circuilt substrate 33 of the first embodiment, the arms
143 of the flex circuit substrate 133 are twisted nearly
parallel to their lengthwise extent so that they are
oriented nearly orthogonally to a plane including the head
149 when inserted into the probe shaft 119. The stop tabs
144 are in generally opposed relation and the separator
thermistor 137 and resistor face 139 (and preferably
engage) a generally cylindrical interior wall 151 of the
separator 127 within a neck 147 of the separator.

[0037] The isolator 129 is placed onto the neck 147 of
the separator 127 with the top portion of the neck received
within the skirt 112 of the isolator (Fig. 13). The head
149 of the flex circuit substrate 133 is threaded through
the slot 110 so that it may extend above the isolator 129.

The resilient locator 120 of the isolator extends into the

12



133 in this enbodi nent so that they directly contact the tip 135 and
separator 137 (respectively). However, the tip therm stor 135, separator
therm stor 137 and resistor 139 could be placed in a nore conventi onal

position on the inside of the flex circuit substrate 133 (i.e., so that the
substrate diggctily %qntt%t Sset ddd¥ and seReral e AR 1 ddfut ey
el ectrical conponents) ex circuit substrate 133 can then be pul | ed

t hr ough t h@HSﬁGQ@@ﬁaMltth@ef o0 ttaldi dtddl adndhentfillex k@lﬁﬂm ders 146 on
the sto of, stshe face 154
: %%gg’rtujir%%e isr arrh}rés geﬁl%%glacqu%tﬁﬁn%Tﬁﬂm rcuit r eﬁ e

of the shaft resi st furt novenent of ative to

t he shaft (cléibg 122) . ahaisttéad safpa dedrdi rtgieamnustgm laglaesd tegdmiar |16yt h

li ke the crucif Qrm fI X _Circuit str t he rst odlrrent t he
arms 143 OF tnﬁe f °8x C|ermc1?| G sulﬁj:t aln%tltzf nvﬁr}stVJ dllneoajflrgy)n par al I el to
t hei r | engtsepiage text. enﬂnsmhﬁrsatwatyhe:ylearresﬂmeem dobaestard yl A tthiegeemal |y to a

pl ane i ncl udi ng.the . .h when inserte |ntothe be shaft, 119. The

Bt op tabs DR ThEETIA gundril 19 g soaat ol G He e

therm stor w&37 and ©ESit$ieors dpaae thb39 10and gar @fcelrlaab;llyag enpgapejoragener al |y
cylindrical interior wall 151 of the separator, 127 within a neck 147 of the

separ at or . "E083 FSTREPRIGI &0 P eLET S $he &PEFYordts tife Sfdck 147 of  the

separator 127 wi bbah?e F10P @@gal 9@90J>ft’@§e nf-%xr@s?@w@é sWbthkatthesskirt
112 of the isolator (Fig. 13). head 149 of the flex circuit substrate

133 is thréadeentheyegh 1nt ﬁedstlr@tctltm S ansaretise iy e ern ok e
| at |i ent tqr ol the to th
| sol at or ?7\%1]5 tzg th€%h Bl sf%f;aca é %% %1 o %gﬁg&m' nto the

12 neck 14 e sep rator orne I nwar engagenent
with the sTbhp habs 148 dfs phmshfeldeﬂomnr mmarOBablﬁrt@tpemacmellri?eﬁd i ent

ocator 120, pyshes LIERLOP 1450 b Y LIS e Hig or 137 and
edges of the notches 148 frictionally engage the
protrusions to grip and hold the head 149 in position.
Thus, the tip thermistor 135 is located accurately, lying
substantially on the probe shaft axis. The isolator 129
grips the head 149 so that it is held in place prior to
final assembly of the probe 107. An aluminum tip 125 is
then attached to this subassembly. Epoxy 158 is preferably
applied to the outside of the separator neck 147, and the
tip 125 is pushed onto the end of the separator 127 over
the isolator 129. The previously applied epoxy 152 on the
tip thermistor 135 engages an interior central portion of
the tip 125. The entire assembled probe 107 can be placed
in an oven for curing the epoxy and achieving final
fixation of the various components. Other suitable ways of
securing the components together may be employed within the
scope of the present invention.

[0039] In a modified version of the probe of the
second embodiment, the arms 143' of the flex circuit
substrate 133 would be longer (see phantom illustration in
Fig. 13) so that they extend through the isolator 129. The

isoclator would be formed with additional slots (not shown)
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mount ed on them outward agai nst the inner wall of the separator. In this
way the resilient |ocator 120 biases the therm stor 137 and resistor 139
against the interior wall 151 of the separator 127 for achieving good
contact wth the separator before the epoxy 152 is set. [0038] The head 149

of the flexcCirkeulitreSHid rat®s 133 ithheyh aver iTha igLeeddon transverse to
the longitudinal axis of the probe shaft 119 and placed on the platform

114. The h8ga™is4ars I5ysed demi stetard  neoulsh sfurklades 148 & 338 the

not ches 14&0‘2:%%%'0‘69atgl%%r%rt()ttrﬁés'sqr&%sljeﬁf tHe s&dges of 1he nofchas; 148
frictionally engage the protrusions to grip and hold the head 149 in

posi tion. MPREEIedheetmisg arhertfissticiolEd® L svquichtied deurat@lin gl dqg
substant i alt!hlsé %gfn%heinp Q8 +Shaf ta S th 4130l rﬁ rr}]gf h ASd e head 149

so that it ace prior to final asse e probe 107. An
al um num t ILdeEZ©rIH@d toleesyi. tdtaraclesd -t,0 at%@@ubassm y. 11E)poxyItl58ﬂ|Js
preferably lied.t t si.de of ar at.ar d. t-h tip
125 is pusﬁed trgctlﬁleeed"n h ¢ tceﬁlesre[‘ﬁqél51 tor aécvlenrg eEtﬁrhe |socf ora]129 The

pr evi ous| y cappbned tepaty t‘tﬁZ fdrex kel rduipt hier mlstoer p]ﬁfmengagﬂsem interior
central portion ip 1 The entire assenbl ed pr 7 can be

pl aced inféﬁa&vgﬁxfad[}rlo@u aﬁ'g%{ Seep?owtﬁ}?dltacf‘ﬁ Jf)ﬁra ltf %at9eir of the
vari ous cogpor@st preQleher isuidnaldle .ways of securing the conponent s toget her
may be enployed within the scope of the present invention. [0039 ]E In . a

nodi fi ed versi o080 he? pf bBemBRt e RE p%éEbﬁ@l efbadprehe, Zpﬁeoﬁrﬁs Rizd of

the flex cippHit mesbalsr %%%W%n@i‘gd he | ongere  sae tl@{@'BfHEé Idgsstration in
Fig. 13) so that they extend thrOlré]%p the isolator 129. The 1isolator would

be forned wPrkeagdntiowaltosltdies pn ghevin)thE3 fig ste caibad inen tarane 143"
through 'tdeEEGnﬁ%gar%EOEhe same reference numbers, plus “200”.

Parts corresponding to those of the probe 107 of the second
embodiment will be given the same reference numeral, plus
"100". A probe shaft 219, tip 225 and separator 227 may be
substantially similar to the prior embodiments. A flex
circuit 231 can have a deformable substrate 233 that is
similar to the substrate 133 of the second embodiment shown
in Fig. 11. However, a head 249 of the flex circuit
substrate 233 would not have the notches 148 because the
head 249 is not held in place by an isolator 229 in the
third embodiment.

[0041] Referring to Figs. 14 and 15, the isolator 229
comprises a disk 208 and a skirt 212 that depends from the
peripheral edge margin of the disk. A slot 210 is formed
in the disk 208 for receiving the head 249 through the
isolator 229. A resilient locator 220 extends down from
the disk 208. When the isolator 220 is attached to the
probe 207 it is deflected in the same way as the locator
120 of the second embodiment and performs the same function
of locating a separator thermistor 237 and resistor 239
(Fig. 16). A cavity 222 extending through the resilient
locator 220 permits the locator to deform for applying a
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therm stor 137 and resistor 139 would still be in the sane |[|ocation agai nst
the sides of the separator 127. In this nodified version, the isolator
woul d further aid in holding the arns in position after they are deforned
fromtheir undefornmed position (e.g., as shown in Fig. 11). It will be

appreci at edpt-haty gbkee wayshef thecatiisrert g 7elseet rHeealst ommenentiheof the
flex circuit in place prior to their final fixation_ nay he used w t hout
departing £PBnPEnER§cdgelastrrt Ke S ed9éntisi Avemeidol troGadilak PAtagnent ary

portion of paipgebes204nef racdkhivied terbodiarenl d $rshewn dikFid.rdf.t Parts of
t he probe 207 correzgondl ng to the probe 7 of the first enbodi nent are

desi gnat edSBYstRetsake 3 #heherdde IfuRsalts OVsruSMtRodhe Ala it rréshonding to
those of the pr%@&ﬁ” ed h@née@ﬂ?dz?”?ﬁd%;t?ﬁ?ﬁeé{“ ts PRoOb¥ERet BRaBANME

reference nuneral, plfus "100". A probe shaft 219, tip 225 and separator 227
may be suBdPanteabiptoirni2lar ang tiselgitiogr 2@¥hodineetip. eaddame acitrieuit 231

the second"deBaurnaRt ZShouns PUSERS CIT. HRwiteriy i d s o e Tl ex
circuit sbhbdtigat 26233 awtuind mct ahmdthennehm&e&e14&m3@wdwlYnead 249
is not held in pla by .an_isol ator 2 in the hird .e iment. [0041]
Reforring 18 FFHS T88 Eid ThENetPeotatororaed St Eods dTek 208 and a
skirt 212 thatirdependscbhemctheitperihghenal. edgexyambgitveaih tdhe diigk. A sl ot

210 is formed in the_di sk 208 for receiving the head 249 throu t he
i sol at or 258STRIFESF izgﬁt angc &tBr 2230 CéRy }é?ﬁdélst?gv\ﬁsf% OL & UIEKS208. Wien

the isol at @he229nhs @t kaehed .t 0 alhetaReab®rd@f duls1iys ndefdiectadr n the same
way as the locator 120 of the second enbodi nent and perforns the sane

function &PSPBESL FAgtaSsEF&PRCOLMPREAFESor thS7 tamd thesimitsdo239 >/ (Fi g.
16) . A caviby,22208xt8RALAG LT ough shhe 1ee3iskieND39 could be located

on the inside of the flex circuit substrate 233 so that the
substrate (and not the tip thermistor, separator thermistor
or resistor) directly contacts the tip 225 and separator
227 (respectively).

[0043] When introducing elements of the present
invention or the preferred embodiment(s) thereof, the
articles "a", "an", "the" and "said" are intendéd to mean
that there are one or more of the elements. The terms
"comprising"”, "including" and "having" are intended to be
inclusive and mean that there may be additional elements
other than the listed elements. Moreover, the use of "up",
"down", "top" and "bottom" and variations of these terms is
made for convenience, but does not require any particular
orientation of the components.

[0044] As various changes could be made in the above
without departing from the scope of the invention, it is
intended that all matter contained in the above description
and shown in the accompanying drawings shall be interpreted

as illustrative and not in a limiting sense.
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| ocator 220 permts the locator to deformfor applying a 14 spring force to
the therm stor 237 and resistor 239. The top of the isolator disk 208 is
formed with a flat or bridge 262 and receives the head 249 of the flex
circuit substrate 233 when it is bent over onto the isolator 229. [0042]
Wien the tigad2Sd Sappldeddo the probe shaft 219, separator 227 and
isolator 229, the tip engages a tip thermstor 235 and pushes the tip
therm stor down. The bridge 262 (acting as a reaction surface) pushes

upvardly to urge theid dherdi &t Whdrohoves d-dhigr i, @25 and ensure good
contact with the tip. Epoxy between the tip thermstor 235 and tip 225 can

be used as bef ore nrehrakel p taagtiarhltd ibatherteAst stat eempr 23 1Y her ei n
with respect t {%egi i i r separ at or
t herm stor%ng#b;neﬁe%%g% ggg%géou ane(j P%lc%t% g%lﬂlﬁﬁe&i%gs?%ée of the flex

circuit sultjeatte 233 so that the substrate (and not the tip thermstor,
separator therm_stor. or .resistor)..directly contacts the tip 22 d
separator 227 (ar esepife()c Ir|lavbe ey)c.lﬁ%%ﬁ%]e eenr}lq thrf%lau%Jirh% aeléeénfa% r%aS%fgt he
present i menttirdcadr ddrelyprefreraret] anlosh eni(es)tdesenfyrd heensst i cl es

"a", "an", "the" .and "said" are intended to nmean that there are one or nore
of the ol erdietr it e Hdhndied MENGE S dBRka] Modaita e 010 0

i ntended t gchbectiing Ude/ et Ealrd het dihernerdmy dbigpaddi tional el enents
other than the listed el enents. Mreover, the use of, "up” "down", "top"

and "bottom and PHIS G ofS HARYE I e PLR/IE IR ARG R BRRLE but

does not requichg tary it GHAMN nAEHAtd PR dhe conponents. [0044] As
various changes could be nmade in the above w thout departing fromthe scope
of the inventior, Lacatsdng meamidd SURROEISd Mt tiere qurmke ntteith foenembove

descriptio%or at least temporarily locating the deformable circuit

element.

2. An electronic thermometer as set forth in claim 1
wherein the locating member has locating structure engaging
the deformable circuit element to position the deformable

circuit element.

3. An electronic thermometer as set forth in claim 2
wherein said locating structure of the locating member
comprises a nub projecting outward from the locating member

and engaging the deformable circuit element.

4. An electronic thermometer as set forth in claim 3
wherein the deformable electrical conductor comprises a
deformable substrate having an opening therein receiving

the nub of the locating member.

5. An electronic thermometer as set forth in claim 2
wherein said locating structure comprises a platform formed
with the locating member, a portion of the deformable

circuit element being held on the platform.
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and shown in the acconpanying draw ngs shall be interpreted as illustrative
and not in alimting sense. 15 WHAT IS CLAIMED IS: 1. An electronic

t hernoneter conprising: a probe tip adapted to be heated to a tenperature by
an object for use in neasuring the tenperature of the object; a deformable
circuit elenment including a deformable electrical conductor and at |east
one tenperature sensor electrically connected to the electrical conductor

for detecting fhe t&RpElRCHEONGC theprard el i £ divr tdhaft Fddgbrt i ng

the probe {ihpr-and @%%Obq%l@f%rrrp'ﬂsﬂf'&m@oe%@h and Jiddwding @nend ey tion;
a locating nmenber supported by the probe shaft formed for at |east

tenpor ar i | pxFeedinagupke rdefigomatine eiladdiorn, eltdre MEOtZUSAPTe| ect r oni ¢
therm)mateEa $usehyf ar y&r't’lo%l Ymihe WA SIARE iy chcltflrlgal”%g?ﬁf udix

| ocating str cture eng ging the deformable circuit enment to position the
def or mabl eofcitheuide felrawmbdte. c3.rcAr teledemenvti.c t hernoneter as set forth in
claim2 wherein said |ocating structure of the |ocating nmenber conprises a
nub projecting outward fromthe | ocating nmenber and engagi ng the deformabl e
circuit element7.4. An elle@ttlr@lmii«: tth@rrmmttetr as seft ffomth iim cllaim 3

wh t he def | l.ect t def, b
suggs Irgte ﬁﬁﬁ%ﬁgr nﬁ%g@%ﬁfgn{a Ieel glcj?glc\%r né%rrrltp scr?tiC %&nqerﬁgsrqrm@as ing

nmenber. 5. dAfioehabl EOBUB sthart@IRicAuddsgset flentsh IdmeC|rﬁi‘dﬁh2, tMeerein said
| ocating structure conprises a platformformed wth the |ocating nmenber, a
portion of pFHErééfISPrTQSIlé‘gc|rte€l§|ltve@1 éfe e Gthdid h&’]rq %l atform

deformable substrate in position on the locating member.

8. An electronic thermometer as set forth in claim 1
wherein the locating member includes a bridge located
generally at an end of the probe shaft, the bridge engaging

a portion of the deformable circuit element.

9. An electronic thermometer as set forth in claim 8
wherein the deformable circuit element further comprises at
least one other electrical device electrically connected to
the deformable electrical conductor, and wherein the
locating member biases said other electrical device against

an interior wall of the separator.

10. An electronic thermometer as set forth in claim 9
wherein the locating member includes a resilient locator
extending into the separator, the locator biasing said
other electrical device against the interior wall of the

separator.
11. An electronic thermometer as set forth in claim

10 wherein the locating member includes a cavity located to

permit resilient deformation by the locator.
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16 6. An electronic thernoneter as set forth in claim5 wherein the
platformis formed with at | east one protrusion extending upward fromthe
platform the protrusion capturing a portion of the defornmable el ectrical
conductor of the deformable circuit element. 7. An el ectronic thernoneter

as set forth iniglai mn6e1vherenn ct ke cdelalirbl & selseat rialh Gendudiar 1
conprises a deformable substrate including at | east one notch, the

prot r usi onWBEFRéNr E88i FedOrAaPhE FITENito SHEMENThE U IddRdT RalnE Ieiasstatat e i n

position omethe bpeabiRg -MenherriBalABetlite! kARG tikenMymelenmas seted orth
inclaiml wherein the |locating nmenber includes a bridge |ocated generally

at an end &het HefpropblshafectrhcaBr cogeuehgagi rgd ahsaetdinothsr t he
def or mabl e SEEEHhEt;h Egﬂ?@t bi seé” <&k ‘aCfoft‘Pl@'rC chRermneter Ay Sty é{- at*% in

claim38 ereln ormable circuit element further conpris | east
one ot her ehethtecabrdewilde ol éber iseaklrptoannected to the defornmabl e

el ectrical conductor, and wherein the |ocating nenber biases said other

el ectrical device against an interior wall of the separator. 10. An

el ectroni c ther et an adesetrochdrt lhemmohaiter a swserteifio rtthe ilnocdtaimg Inenber

i ncludes a éesiLiegh Iant% extggdlng into the separ t%r th%_lo tor

bi asi ng sal'8¢*&tRef &l eCEAI-CEF €& &GAPIstthéN térifor walA%%

separat or. tAdrmAn1 ¢l eakuoakenyheemereker, as set forth in claim 10 mherein
the |l ocating nmenber includes a cavity located to permt resilient
deformation by the locator. 17 12. An electronic thernonmeter as set forth in

claim1l whereingthepdetoepabbaici kadirinopbe@®Nh sf Wetihelh @M sasiat 1 | east
one other electrical device electrically connected to
further comprising a base unit and a cord connecting the

probe shaft to the base unit.

15. A probe for an electronic thermometer comprising:

a probe tip adapted to be heated to the temperature by
an object for use in measuring the temperature of the
object;

a deformable circuit element including a deformable
electrical conductor and at least one temperature sensor
electrically connected to the electrical conductor for
detecting the temperature of the probe tip;

a probe shaft supporting the probe tip and deformable
circuit element and including an end portion;

a separator supported by the probe shaft;

a locating member supported by the probe shaft formed
for at least temporarily locating the deformable circuit

element.

16. A probe as set forth in claim 15 wherein the
locating member has locating structure engaging the
deformable circuit element to position the deformable

circuit element.
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the deformabl e el ectrical conductor, and wherein the |ocating nenber biases
said other electrical device against an interior wall of the separator. 13.
An el ectronic thernmoneter as set forth in claiml wherein the |ocating
menber conprises an isolator made of thermally insulating material. 14. An
el ectroni c therngnet &r pasbeetad ordth Aartd dinmdl a ifrliritd erh ot i§ailrtg a base
unit and a_cord connectin the probg1 shaft to t he base unjt. pr obe

for an el e¢OFRAOY% KET FFting SIFBE T ISP e atd“l% heat ed

to the terrmb?te@rtezn@y ou&'ﬂza@@ efotonf AHhdiSiedat ITRASENbY thel tarpefaiqire of the
obj ect ; or mabl e T rcyit elenment including a defornmable electrical

conduct or &h§ Sefrggep SnEEEHIer &lse™densor el ectrically connected to the
el ectrical conductor for detecting the tenperature of the probe tip; a
probe shaft supportl ng the probe tip and deformable <circuit eI errent and

i ncl udi ng an end8por & ®Fobs sEp&edt drodilipgdr (dad By thehpshd s t: a
locating n%red%% mﬁﬂﬂgortl%@(tt}%/tctatle ogn%%@féonfpciﬁ@%% d Q:fe@rn{ﬁbe as set

tenporarily locating the ormable circuit el enent. :
forth in chabstistehbesiing ke dpsgdriong hemeber deaeilvogat ithe sItLercCtﬁJre

engagi ng t I rguit element to position the deformable circuit
el enent . g%ﬁqg grtrgg eﬁlggllbsgrt forth in claim16 wherein said |ocating

structure of the Iocatl ng menber conprises a nub projecting outward from

the locating ne nde agin (I}Ied@horrrale ci.rcui.t el.enment.,18. A

probe as set fo ?) %F \%ﬁer i 13 16 Sire 21 1
locating structure comprises a platform formed with the
locating member, a portion of the deformable circuit

element being held on the platform.

20. A probe as set forth in claim 19 wherein the
platform is formed with at least one protrusion extending
from the platform, the protrusion capturing a portion of
the deformable electrical conductor of the deformable

circuit element.

21. An electronic thermometer as set forth in claim
19 wherein the deformable electrical conductor comprises a
deformable substrate including at least one notch, the
protrusion being received in the notch to hold the

deformable substrate in position on the locating member.

22. A probe as set forth in claim 15 wherein the
locating member includes a bridge located generally at an
end of the probe shaft, the bridge engaging a portion of

the deformable circuit element.
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deformabl e el ectrical conductor conprises a deformable substrate having an
opening therein receiving the nub of the locating nenber. 19. A probe as
set forth in claim16 wherein said |ocating structure conprises a platform
formed with the |ocating nenber, a portion of the deformable circuit

el enent being held on thew alf ergn 2AkthAipr leias ZetwHordih ithel ai m 19
wherein the platformis formed with at | east one protrusion extending from

the platf ordﬁyfotrﬁléb&teotcrlﬁﬁuéﬁ CARF g U TR iSRS S§h & d e Hratne

el ectrical sgprduehetefi dhe afiorameile Gidauit @rfi@ited 4do ¥NE €l ectronic
thernmoneter as set forth in claim 19 wherein the deformabl e el ectrical

conduct or E6/FPETSEd ea e lgsitdrmd & abistticdt-e anst IMIALRY Tttt e asCanid %ot ch,

the protrysi8RrbeiingesGeiivedrH: 1 ke S94GRk10 &&Jﬂ:é aidgfiordrmbl e
substrate in position on the locating nenber. 22. A probe as set forth in

cl ai m 15 whateraorheallloedt ithg mepse@tiofel udes a bridge | ocated generally at
an end of the probe shaft, the bridge engaging a portion of the deformble
circuit elenment. 19 23. A probe as set forth in claim22 wherein the

def or mabl e circaidt. eRemeref uarSt lsert comith ses Qiiaﬂnea?si wireereigt Hdre el ectri cal

devi ce el E(itl’l %alpl ym%%%nect tudetshe rcéef r’r‘@t}bﬁlej1 ecctrr|qg(atdeecociq1 Gty and

wherein the°féca |ng nenber i ases sai rlca vi'ce agai nst an
interior wahk @fep’ralr@tmpart@taorloc%zi;orAbpfa@belga$aaei dftoretth d e @iaal23 wherein

the | ocating.nmenber .in g}ls .a.resilient Ioc r extending into the
separ at or , dF%écfeoégta&PS%l; hg d&d Gt Hert Le S AISPHERT gfe agai nst the
interior vvaII of the separator. 25. A probe as set forth in claim24 wherein
t he
25. A probe as set forth in claim 24 wherein the
locating member includes a cavity located to permit

resilient deformation by the locator.

26. A probe as set forth in claim 15 wherein the
deformable circuit element further comprises at least one
other electrical device electrically connected to the
deformable electrical conductor, and wherein the locating
member biases said other electrical device against an

interior wall of the separator.

27. A method of making a probe for an electronic
thermometer comprising:

positioning a deformable circuit element together with
a probe shaft;

deforming the deformable circuit element;

connecting a separator to the probe shaft;

connecting a locating member to the probe shaft;

interconnecting the deformable circuit element and
locating member for use in locating the deformable circuit

element.
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| ocating nenber includes a cavity located to permit resilient deformation
by the | ocator. 26. A probe as set forth in claim15 wherein the deformble
circuit element further conprises at |east one other electrical device

el ectrically connected to the defornable electrical conductor, and wherein
the I ocating n'ngerAbfn@§ﬁ%dsﬁ'sds%tth?'br%he‘ihr 'cqallmdgw %e@:@ﬁ' nst an

interior wall of the separator. 27. net hod of making a probe for an

el ect roni cinthecapReEEingoRPEi §lﬁﬁ@rmpbérat p@ﬁpﬁgtaeéléfn@mabﬂnéi diocaiingel enent
g e whhiooR PERBE: S0alknsetony! 09, LBendRhosnbhe Habyilrakerent
connecting a separator to t aft necting a locating member to
t he probe shatultlﬁiemcnhnentpng nhb deforialbked wutbutheeﬂ@n@mun@nd

| ocati ng nEgB§% for use in locating the deformable circuit elenment. 20 28.
A et hod as “forth in claim27 wherein i nterconnecting the defornable
circuit element and |ocating menber conprises inserting an opening in the
deformable cirgcuit ele t .onto _a, nub soci a he l.ocating nenber.
29. A net hod asgget gowgﬁHPH gPafft2 ; ﬁﬁgrépn HFHP Whgéﬁﬁﬁg t he

def or mabl eigteedbhnetemrgt tasddbgeahnbble GREBEALCONPMESES andsabliahdng

receiving portion of the |I|ocating nmenber into notches fornmed on the
defornableme%P?Eu??mEFéﬁﬁﬁtln§9rtAnHth6805éV§89 Perthonno&l &b 27 furt her

conpri sing18tasiRY M@ﬁqbexshﬁnk@%gwaege@e%ea BAr thangeforiag1def or mabl e
circuit elenment against the separator.
circuit element.

30. A method as set forth in claim 27 further

comprising biasing with the locating member a portion of

the deformable circuit element against the separator.
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