ELECTRONI C THERMOMETER W TH FLEX CI RCU T LOCATI ON BACKGROUND COF 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 her nonet ers enpl oyi ng a sensor probe [0002] Electronic thernoneters are
wi dely used in the healthcare field for measuri é% a patient's body

t enper at ure. TyEPE&FR@NQ@tm&%&yowﬁgFﬁDW§Fgr§Lﬁ§v 58 To MACAGH OF probe with

an el ongated shaft. Electronic tenperature sensors such as therm stors or
ot her tenperature sensitive CT el enents are contained within the shaft
portion. |RAGREROWRP sPBENTHENENBERBEORNC| udes a cup- shaped aluninun1tip at

|15 roe ond, ALSBSLIT SUr i diacsd db hermla S ggly) pidd Lhe al umi num

tip inside the ena free én ortion s ace exanple, in a
patient's abattrombe thepmomeheaSedndpmbyetperpatubarly bbdyfaaddt hé

t herm stor nfasures t he ﬁ nEeraturg of the g Lonal el ectronics
connect ed F8°FheS WRREF ofit ECSEREDY %ﬁﬁ%ﬁ%ﬁ?%r B OYéBHta|ﬁ88 ffthin a
base unit ggﬁn@cted by wire to the shaft portion or may be contained within

a handl e of the shaft ortion, for exanple El ectroni ¢ conponents receive
i nput  from t helQ@_br Eﬁcﬁﬁfdﬁéﬂ{ G EORSHEE &t R aticknty ¢3¢ tidhpgdiaat ure.

The tenper gl ent2rd hedel YPkes! hgagu]?phaygdpgeleﬁtvgsaaa out put devi ce such

as a seven segnent nunerical display device. Additional features of known
el ectroni ctemperabweeer sTynéradechachndnbtethenpenatare havel thet Eprwsati on

Fuch 3%, % DECR BFbare Fichh, ShORak: o8 pbhRposALE RENEE EEnBUEREICLS

t her nonet esefisvrsasuthar gsr ehsomsstpOH03} &tketrvbampethennmoneeessthage many

?evantageselements are contained within the shaft portion. 1In 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

ﬁi? 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



over conventional thernoneters and have essentially replaced the use of
conventional glass thernoneters in the 1 healthcare field. One advantage of
el ectronic thernmonmeters over their conventional glass counterparts is the
speed at which a tenperature reading can be taken. Several procedures are
used to pronote a rapid nmeasurenent of the subject's tenperature. One

t echni que errp:l%led is to use predictive algorithnms as part of thernoneter

logic to Oger&pePEee fifd d-enferardréiredsu Cénmeles trrem e e TdIstiedtor in
contact W bRekhenkiip Rndehiti@®nall &1aeMReNAlWreaeadiing dye agherncerof the
tip reaching equilibriumwth the body tenperature. Another technique that
can be enpMdy€d §i fEMPeFasusiey rnpiading srRadibet itggenal g&eivitialis to heat the
probe 10 Neat Ll RA0Y ACTREAIY prai@ihal Al ol e deohe @appd rom t he
tip does not act as a heat sink, "allowng the tipto Feach a tenperature

cl ose to shdjecdy st éepeeatine enor ©neatiedihyi gheatempd cgyaal bes tacewmpl i shed by
a resistor _pl ce%.in cgntac% mﬁthsthe tpr&bg Anot her tqﬁrnisgpr may be

pl aced in EGTCAGE It F - 9Hé ;Blgngbé'l t &reasdr hteﬁglo gt (WG esistor is
heati ng thextpapgkaatehittl iterpeed the <€ arlaseireeatheddorg.tid is al so  known
to use an isol ator to reduce heat,%%zs fromthe tip, to other parts of the

probe. Co- &9SGHEECH. 31 PRAAEACING L the theg T6H1 @ SCIFdY&s &thé use of such an

i sol at or an@riperatRGer RRIEALSE her eidvabid frererce il QQA4h TR assenbl e the
probe, the circuitry (e“%%L the ) thermstors and resistor) is nounted on a
flexi ble SOSLARIdYhatl thyper L9dand spireriaded el edinatdalr desedguen  for

the comonepts. e LCOTkin e RTRARE TS R e Jl e bl €

substrate i's common X circuit™, substrate may be
initially fdlgortidhiradisl iticatheagasdeoforobe to near the body temperature
(fg so that part of the probe away from the tip does not act as

a heat sink, allowing the tip to 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



nounting the conponents, but can be bent into position upon assenbly into
the probe. Morre specifically, the flexible substrate is bent to place one
therm stor in position for contacting the probe tip, and to place the
resistor and other thermstor in contact wwth a separator adjacent the

probe tip. These conponents can be glued in place wwth a 2 thermally
conduct i vetheifeal Le GondUet FThHadhaskid i theoweia!l 233YRRYhe adhesive is

brought i nQe&pnt acte Mtd idie, GoaPoRent s 1l tbﬁﬁ@éecé@@a@@h@%%we sets,

the conponents nmay undesirably nove. The result of notion can
i nsuf fici exhe copnpeients taed congomerres Wit rdrsive sehll/ ofhseparator to

heat or se §§ %ﬂ? i 'nqt: ssegp y. e . SMC ssenbl y
failures s%o %‘? e é’ﬁ]ﬂé# frllnli(ie]edé#raa%j\'/%i e‘(rf' an %51 %‘?g‘?ﬁ égt}{e%%% ljI][Ie&i};lfgserrbl y
process i scachheveth cSUMVARY CGrc THEE | tNWVENTOrGM 11 O0105] w1l bh ohlee asjpect of the
present invention electranic thernmoneter generally conprises pr obe

{ Qh ? E% $3r FRE Eon S

tip adapt o b%ef??ag%?%%rt%oa TRIRE aTTHE by Ohf B use Tn

measuri ng 4 $ieetieIper atid Lo 0dbINe Sheclssénb Uef td thbtes céhiculd led enent
includes a defornable electrical onductor and at egét?one t enper at ure
t

|
sensor conhEetBHZ 8D OF RVetdetri Rt 2 ontRictbrigra bRl AYe t enper at ur e

of the probe-iip. 14 prwheyshaft supports the probe tip and deformable
circuit element and includes an end portion. A separator is supported by

the probe shaft. A locating nenber supported by the probe shaft is forned

for at |eagtymig afhp VPRt td9 the deformable circuit el ement. [0006] In
anot her aspect of the present 1nvention, a probe having substantially the

same constructi ph0@S] sé&hn bae aspeidie ofr eébedprgspatadgma@ntion, an

<T? electronic 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.



[0007] In yet another aspect of the present invention, a nethod of making a
probe for an electronic thernoneter generally conprises positioning a
deformabl e circuit elenent together with a probe shaft and deform ng the
deformabl e circuit elenment. A locating nenber is connected to the probe

shaft. The deformable circuit_ elenent and_ |ocating nmenber are
i nt er connect ed £6P08ke qtﬁ‘lqrocfﬁqth@fecsh@ Yoo iR & i AR e teint L B [ 0008]

Q her featypesapf 1HSaPERECRAJI mxgg& &ahkeaeoutnheeéangﬁ%&ent and in
part pointed out hereinafter. OF THE DRAW NGS [0009] FI G

1 is a perspective of an electronic thernDneter [0010] FIG 2 is a

perspective of b | ggt i neter [0011] FIG 3 is a
BrPE 8E§E§&Fﬁloﬁ 8eL tQp! ﬁﬁkﬁ?ﬁ&?

fragnmentary perspec ive o obe with parts br oken away to show

i nternal constr{ie0ddh; FI[C0.0JJZ]ldzliipeaa%pa:tameerdﬁragecblefcrtagrrem ary section
of the prgﬁei éOOéS%_FIG. 4 is an expl oded perspective of a flex «circuit,
separat or an@tisBFafbf of the probe; [0014] FIG 5 is a perspective of the

flex circuit regetygpd 1t e sepanaie) fpeditriixftg @@Saﬁgﬂdb’e [0k e FIG 6 is a
perspective_of the seEarator and the flex circuit defornmed to receive the
i sol ator; EOBIETORIG therBomeSEFspective of the assenbled flex circuit,

?EE?Q?B?? ?ggl;fgg?%f éﬁyihéﬁ:%%P%?%g%ﬂ%gﬁgﬂggtlve of t e Qﬂ%g¥§{0$?9[0018]
FIG 9 is arbtbp sitk parspebtrokenoéwapotheshow internal construction;

[0012] FIG. 3A is an enlarged, fragmentary section of
the probe;

(ﬁf [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 isolator;

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

[0018] FIG. O is a top side perspective of another

C:; version of an isolator for a probe of a second embodiment;
f0019] 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;



version of an isolator for a probe of a second enbodinent; [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 enbodi nent;
[0021] FIG 12 is a fragnentary section of a free end of the probe of the
second enbodi rent showing a flex circuit inserted into a separator and
probe shaft; [ODRRR3F BIGi31ids &sf BadivPntacy PeEEPSFtdea @& end of the

fully asse{@%f\éﬂtcpf obe é)f?f(g\?esgfogdtﬁgp@d%ﬁ@ imént0023] FIG 14 is a top
SO 0

si de perspeéctiive of an ator of a probe a third enbodi nent; [0024]
FIG 15 is a bole@24ki ddGperlSpecst iavdadftarhe idies pleatspre cdfivie pf the and [ 0025]

FIG 16 is, a fragnen section simlar to Fig. 13, but show ng the probe
of a thirdl%ﬁgﬁﬂgﬂe%%?ﬁy?oogé] %%?responding ref erence characters indicate
correspondi ng ppe03s]i hraeghawt itshe Feeemaintairewseeft ifdre sidridwimgs: DETAI LED
DESCRI PTI ON [ 0027] Referring now to the drawi ngs,and in particular to Figs.
1 and 2, afli@i ebirdhit theYhowetl? BBAREr2ttRd i?%c%%?ﬁgﬁﬁePB'the

princi pl es of tb@oféfs%%&ﬂégﬂaﬂdﬁﬂb'féféﬂ@#d%a%ﬁ%ﬂﬁ%ﬁﬂfﬁ|ﬁhd¥qé¥e The

el ectronic thernoneter conprises a tenperature calculating unit, indicated
general |y e¢rBespomding pazed bhuosthped thebeeweral ¥baverelbthein the hand
H The calggéﬁihgg unit 3 (broadly, "a base unit") is connected by a
helical cord 0 a probe 7 (the reference nunerals indicating their

subj ects generally). The probe 7 is constructed for

DETAILED DESCRIPTION
[0027] Referring now to the drawings and in particular
C“j 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
centacting the object (e.g., a patient) and sending signals
to the calculating unit 3 representative of the
temperature. The calculating unit 3 xeceives the signals
(t} from the probe 7 and uses them to calculate the
temperature. Sultable circuitry for performing these
calculations is contained within a heousing 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



contacting the object (e.g., a patient) and sending signals to the
calculating unit 3 representative of the tenperature. The cal culating unit
3 receives the signals fromthe probe 7 and uses themto cal culate the
tenperature. Suitable circuitry for performng these <calculations is
contained within a housing 9 of the _calculating unit 3, The logic in the
circuitry ﬁﬁ?rﬁﬁéﬂﬁdéheatg?68P@FF§§ élQérﬂPﬁﬁFFngPéﬁiBPQVSSE@?taining t he
final tengergiyperpf the patient. The circuitry makes the calcul ated
tenperature appear on a LCD display 11 on the front of the housing 9. O her
information desiPBBBY cHre happeang oh il wisplaycampa Hynet | (et appr eci at ed

by those i Rl _in e . e A_of t for 5
operati ng ?h88§ﬂegﬁéééggg§laﬁstﬁgcggé% f@é?ﬁgbéeég%ﬁg t ?Ep?gé 11. [0028]
The housi nge8einel addssaadoppattioentf( hbe pshben) gener ahky hatistihg rear of

the housing that .can receive,a distal portion of the _probe 7.intq_the
housi ng ngrhﬁPﬁgﬁagtﬁgepPEBEeaﬁaai BPEFFﬁBgtﬁ eddeh 1p8PF§&ﬁnf&5ﬁP t he
envi ronnenthwhefviebninBndS&hehi guteih ukkust Fageset heilpueheatebeithg pul | ed

by the other hand Hl1 fromthe congﬁrtnent in pre%gration for use. The
housi ng 9 BRFSBehisPeanpebuptad 8Y18henatbrpecapidstiy SaPMablPEé cont ai ner such

as a carteBnbaftmBhebenco¥ebs rR9bnskewnhseln mﬁ%,hbh%ihgp90%lsbh@a§art0n C
is renoved, exposing open ends of the probe covers. The distal portion of

the probe # c8AebearaselBedhatnrgcehrsespansungabiet kenEaines Susghdasne of
the probe _c can ke ur, : S i ntQ) appul gcess
14. Pusher$ ?é§%§3 ?oggtgg%QF Fﬁgeﬁgng?Pgnggpggq'haﬁglg§%7 g?gtﬁéppﬁobe 7
with a probibeshaktot9C Tke rpmolved, shabbsisgpppeeceadsf pdmtéentpawbeat i on by

th@acover @%%grghe The distal portion of the probe 7 can be inserted

B 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
(1; without departing from the scope of the present invention.
[0029] An aluminum tip 25 at the distal end of the
probe shaft 19 1s 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 32,
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



di stal portion of the probe shaft 19 is inserted, for exanple, into a

patient's nouth. A button 21 on the probe handle 17 can be depressed to
cause the pushers 15 to nove for releasing the probe cover fromthe probe
shaft 19. Subsequent to use, the probe cover can be discarded. O her ways

of capturing and.rel easing probe covers may be used Cf w thout departing
fromthe s%%%%r%$lYh%u%?%%%n%epﬁ9%E?Fongen?6®éb1 PRAAFaRPAURTt ? pr 255at the

di stal endy@fintde opreobe §b§£5118nasoheaﬁédpy@b@ysﬁ9§tp@@lgﬁa @Qéeﬁbg

t enper at ure of the tipis detected, as wl descri be nor e
her ei naf t egenghal by obet e obee ?Be@rbﬁétaml9fn§@% t&p ﬁﬁghbyttﬁéﬁﬁanpg

conduct | veomi e Bhe 8ip| cath ALotDeorPOLALORLEQUELRDOALEG LEP) 3550 Lhat

the tip can be’rapidly - heated at1ent errin wto Figs. 3 and
3A, the tm@udﬁeandndtbea¢n@ndfotheheepao@905h&7tanQ angagparthaltypbroken

away (or s n_section reveal ¢ nt s asyre
tenperaturgggfofhgs?lln %ng%%%rgﬁ?yt%ggﬁﬁ fh%é% §? Fgaggnzgalléﬂgndlcated
at 27, is probatsdadn, thepdkSt akepadadbrt b2 pnabessbatbrldvandrextiends

enerall nto the, open bott of t he t| 5, does not engage the tip.
A T ool o oba Fa S5t a8 BERRTAl | yhaY B8 FofndteR otoBRCRRE Shddor the

separ at or 831@@31@”9@@@§0&he Alﬁ1e25ci9euy§p g@néﬁﬂmlgngnﬂhgaté@ g8 the
probe shaft 19. The probe shaft, tip 25, separator and isolator 29

(broadly, 3ta joehedag #reApEPrRakhg ﬁébébﬁﬁé%t%% NOYBERBY AntéPsuitabl e
fashion. AcflexictEeuts, Qegg?ékéﬁoknghéﬁﬁfgtéi 331ankingl Hdge; agdef or mabl e

substrate 33 nounfing a’ herm stor 35, a separator thernls?or 37 and a
heat i ng resssﬁb©r3©9($e%e FF§9- 4%) . ThEéhei pip hehatwisro853psiknie t her nal

contact “‘gHeEH§1t£§%€§ctaﬂﬂtﬁh€h369ﬁﬁaégr ah§eLHLSLQpa#{¢8Rd heating

eS|stor 39 are
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

C:j 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



contact with the separator 27. It will be appreciated that other electrical
conponents (not shown) and other arrangenents and nunbers of conponents may
be used without departing fromthe scope of the present invention. [0030]
The tip therm stor 35, separator therm stor 37 and resistor 39 are pomered
by batterie

W11 b’ RGBT ET6BE € hat’ R nEPCShPPRRT bohonb "eunk2bs oRt o BE ChRpl oyed. |

The power Bestiggneedthot rbeikocated ta bheconakculaﬁlﬂg best béfischg 9 and

it is envisioned that the calculating.unit 3 could be omtted thin the
scope of tHher b?%%%ﬁ?efnEEﬁtF%ﬁar%ﬁgrt?ﬁ Fﬂ%rﬁ?s%%?téglg¥n§?8fgi® si gnal

that is repeesent aph¥erRént ReateAPehabuher0bntNg kPthdSsepheasbgnal is
transmtted by one or nore electrical conductors in the flex circuit

substrate B8at® Pheredrhesi trprensehechedsiAgPOrathEesepahat 6FNFREPH stor 37
gener at es gga'gﬁékaﬁbéﬁ be %ﬁ@%gséehaeh¥ﬁt9faEQeknBﬁﬂpﬁbaﬁHBEeoBfthe

separ at or e resistor the batteries and heats the
separ at or 27d$oarhaskiihelalDhﬁnanttlp 25 can reach the tenperature of the

[ j ' h f 27 h
Phe soparat or t ROPAEL: of SHF T Thed RORT g OF-% He Posl SR80 T o be

ControlIed(b@obe$y,erﬁedéforﬁablenstaGGEt themsepli at eepafatan be andtlally

rapidly heated, but then heated |nt nit nt t he,separator nears or
reaches a b?@fégPEc% daFﬁnﬁEﬁSFﬁFéca b4 FLﬁEF% ﬁgegnarbﬁérgPlon of these

Conponentsaééémbmgwﬂ tRet RO8R @ircaﬂdlBabytﬁktbl3BnhhbeaafuatL0031]
Referring now to 4, the flex circui oadly, "a deformable

t (b
circuit eIéﬁﬁﬁ#f?rmsébapat5?327u§h835|géﬁQF@?d2§OHﬂ@ §éﬁeﬁﬁF|é§FPythe
'&IUStrategeBEkQEoEO27 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 32 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 circult 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. 2
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 circuit substrate 33 so that when the



assenbly. The flex circuit substrate 33 has a flat, cruciform shape that

unl ess deformed would not fit into the separator 27. To assenble the flex
circuit 31 and C separator 27, arnms 43 of the flex circuit substrate 33 are
bent inwardly toward each other (in the directions indicated by arrows in

Fig. 4 that the flex circuit bstrate . mewhat i ndri cal
cont | gur a1 B GHRFS (1R S SRS (FERASL O Gr Wi o erer e are [ocat o

on the oymsiyde afedihe HHBX Lid B 1d sibgirade. The flex circuit 31 can be
inserted through a | arger open end 45 of the separat gr 27 ﬁqo % position in
whi ch the separERQ#21 t RefRFSEBE 89 &nd-r 8si §08r N89dafd PociEdtiR%a neck 47

of the sepayrQHar s @it hheas 4% edheodd £Xi£1d E}Eﬁe@m r e r &4 A@UNT I Ng

the tip thermstor 35 projects out of a snal|ler Egqﬁ)en end (not shown) of
the separatorfigemtFiqn B)d thm cfsobbigr 2Theld Ieoved reike Bimstkete 33 is

resilient so _ that,the 4 st agai nis ipterior
wal | 51 ofélt%%&lrs%pBalra oﬁ:H 2@16{ go%??%éé%%rtl on %o%@{d%é/%uter és%r ace of the
substr at e @ppoisid 63 hef separiaoratder mBloris@attod 2&siat or 8% into cont act

with the interior wall. . thermal |y conduct i poxy_or. ot her suitable
adhesi ve (ﬁb‘foa@h‘b\m)l?%%]r%q e?'ta]f)ﬁ/g%]b%l)l g%o?%% e 't ont ac I|£eﬁ§ portions of
t he outer Sidhaeer duthecsubBtsatthS3i sodiosr tand herojdetrimg Diwdhdlyneck 47

of the separator 27 prior_.to insertion of the flex circuif substrate 33 so
that when iHe® Breubttze RTINS é‘rak%e%oéi‘ﬂt%‘%tgjvﬁ't Pt he %gﬁ?g‘?%*?fmal | 51

of the neckye they) & hed di d mphaces 4 ORS32dr Ref efridndi § ca Fb@or 6, the head 49
of the flex ~circuit substrate 33 is bent over_in a generally inverted-U

conf i gur at temremtl errdyceratier PNiBlzHVEEERb (RIS LR REEVSAN it h
%h? bent hﬁﬁg {fﬂr§5r§§&'yﬁg éébé&éf%%rfﬁ. An aperture 63 in the

head 49 of the flex circuit substrate 33 is aligned 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 cpposite
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
(jj the head 49 on the nub 57. The isolator 29 can be pushed
down {e.g., press-fit) onto the separator 27. 1In 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



opening 55 of the isolator. The isolator 29 has a nub 57 (broadly,

"l ocating structure") |ocated on an inner dianeter surface 59 of the

i solator and projecting inmardly into the central opening 55 (see also Fig.
8). Preferably, the isolator 29 is nade of a material that is a poor

t hermal condugtor to i,mze thermal conmmuni cation bet he tip 25 and
t he separaF8P8?§l°ﬁnt8ng?§ gh§3%ﬁﬁxtﬁércHé5dgﬁ ggtﬁ89$%8§ %FPCUlt
substrate 8Beckmiatbgned wolvhrdt RBenNUbp5Z5 YBengaotoreerhahdiceatkhe bead 49
of the substrate 33 in the bent, inverted-U position is released, the head

tries to nﬁvEOBEéRntéﬁaFBelP@aﬁnﬁéﬁ?raééﬁfP@BP&PFSntOTﬁEenE&@nent of the

substrate §§e9ﬁ9§€§rtﬂﬁthaﬁﬁétﬂﬁﬁ 59Ah°eﬁ@¥? gyebthie BHEe@ZveCﬁB§Ubbn9 the
free end of the head 49 and preventing romnoving further toward its

undef or medagpatigupat £bA. SAPQﬁéﬁ@ﬁrQéaﬁtytbgpb§ﬁ?e0fpéh? éﬁckhé7hea&n49
engages ‘a %Bgﬁg.%aﬁh letEE' §p9% Eﬁ citHelage ﬁ%tﬂf BF?E?B n29
opposi e nes

general ly € nu sive may be app urther assi st
hol di ng tbé hhadodﬁemnsUhéanaboﬁ?th@hheadoHat0ha29waém benpashedhedomm
(e.qg., press ) ont.o,the se ar.at or In.this y i.sol at 29 can
act to prel h§r|F9dl6§8tén §lﬁ§a8f4gheoFlPhe gﬁ%s??gt2%3ésa38 S tip
thernlStOFoﬁEopth@rséparEtﬂal2&Sseﬁbhﬁt Thiesbaatuhate kocaffi aheoflelke fl ex

circuit 31.is hig repeat ahl e manuf act urin enbly of _th probe 7.
[0033] TheCHTFU25 éaﬁsséa@@cé edt Eﬂs ifi8 4545 28 ?19‘ 5he BREX 1 O&i roui t 31,

separat or 2heaRdph$akatOhrd9redsiviell Uat kakedibn2Bi,g. The The resilience of
the flex circuit substrate 33 causes it to act as a spring in its_ deforned

9 conditi ofhEsMBEAS Tt BE fPeROSitéGNEINBYdtES as@lekert ¥ SPhéERALstse 35
tgmard the bi-pi2a Her +8e0d,kher Bhl-r&eat 8¢t 8k head directly opposite

the tip thermistor will make contact with the tip 25
substantially in its center. Preferably, the center of the
tip 25 is substantially 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 previocusly 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 128 of the probe 107 is

10



a portion of the head generally opposite to the tip thermstor with the

tip. An epoxy or other adhesive nay be applied on the separator 27 at the
base of the neck 47. An epoxy can al so be applied to either or both of the
portion of the outer surface of the head 49 that will contact the tip 25,

and the interior of the tip. The tip i S, pushe onto the separator 27 so
that the BERWhdH %“Wlstﬁﬁéa f$le§<k ]c(#gﬂﬁ‘fl.%t?sts(rj]ﬁtgn]tﬁqf t?fégi%bl ator 29 and
the neck 4mmflat hecseparet de@Pdred 1 ef vad tne ther ipe 25l ddge thgrgin

therm stor 35 is({)osmloned by the isolator 29 so that the ortion of the

f
outer surflceF ek hedtl RIEFERATY biboseieed with the dhek n}@% ofSwill make
contact Wifdrdhe tidhve cipdibsd@nis alhy disitts ehterat FEahelablyas the center

of the tip 25 1s substanplally flat to further facilitate good" contact for
transfer dfateaf frovtrkeiend, L1ithr eegprdhe 'Skiatine IBra@et @ the tip

t herm stor T cur t i I ecHr ] and
portion oftk?aﬁce € %%Pg%%uﬁn fslg stéir(IantL3 h%%%f%gé c%%?yﬁgﬁgﬁ% ?%%%P?%gr m st or
35, as wel (Fis. s®curikgrdésiel part i brsatodr tiredidaebedigenetal by nst 4B2¢arryi ng

the separator thermstor. 37, and i stor to 4.he separator 27...The bottom
portion ofctletﬁh‘?g1 ?e&o%i?l&%iql%ﬁbgffaf 33 ﬁ@n' berh'é‘?i]ae%h#oertl%ef%?%%(gfshaft
19 and el Bx0 rigal a coemecsd 1 Dyst utaglea At shdyee handll ge flimdig thecapt opel 72 f or

connection to the cord 5 and hence the, circujtry in the hopsing 9. This
assenbly sERBt R EhEPYER thP t RS bl bpRt gjfo%%'i‘%lf n}%’ggt hﬁg)fi exl%&‘? rcuit
substrate l@@at@f‘dlﬁ(ppié/if@sibﬁeﬁ%@é%rﬁbléﬁ%@tw 29rpaEcing 25 that

are described previously herein, 34] Referring nowto Figs. 9-12 a probe
107 of a &deorRl Ehbbeementcort sHowht i t5opfushelprbbe2 79 of the second

f@bodi Tent e LOLL LHPONAL A L 0e A 00SE: Ofnd NPr HEOPE Froferdpy[itRd enbodiment

i !l be given the sane referenc
isolator 129 is made of a thermally insulating material

that 1s 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

(:} 138 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



nunber, plus "100". An isolator 129 of the probe 107 is 10 shown to conprise
a disk 108 having a slot 110, and an annular skirt 112 depending fromthe
peri pheral edge margin of the disk. A platform 114 formed with the di sk 108
is |ocated above the top of the disk. The platforn1114 has a pair of

protrusions, 116 %bro dl "Iocath stfucture % t hat _extend ug froma
Dop surfacelaT8-EY The bt abPBT At LOR g. 18)PEAOFBAFHPBREOT ot dP B ARRAL cat ed
general |y attd@fnelepssissfromubendl sy dOBIGEL gve 18poxFhrayesel i ent | ocat or

120 has a generally tubul ar shape and defining a cavity 122  that extends
t hrough t h&PPEs%q %tth%05%8rt??Fﬁlsﬁ%5 L4pe S?BééﬁBPrlﬁbnglFEQFlﬂé tly

def or mabl ean@srdy; debtecseng tRe & apﬁeméyaﬁéeﬂ 1¢6af hgurspi ep, thekeuse in
| ocating c electrical conponents o r obe referably, the isolator 129

i s made ofehethé¢@®;|gomm@neatsng FateklalbethatedsthpsothestiPent for

feasons exPﬁ@%@gthPrf3§“'é%pa?%ﬁ?k”@ﬁ%f%15£§93§£7TQ pEQQEF%gZ i8gludes a

flex circurt conprising a or na strate I nc Ing a pair of
arns 143 amdeal@e@ued4©n(th "Quy51da"i®§ thdef beredirpostt fohstthtear ns 143

The arme 1as: H cOF b G ERC AR P gbie Bt bpSY aper Saho T Then FanE i e
shoul ders 446 BBStm@drsepaﬁasectans {n&$betbinaty) par iswetreri hehar 06p143. A

separator t ermst or and a resistor ed on res t|Ve ones
oo ot ohhEEALtas 19T g L Es Sy 480R oL 57 16! Er EPRAE RAEL rot ohes

148 on oppgsiéiepsi gescO8 theahgade ébﬁv@ntb@ﬁalspgglﬂﬁénlén ghéached to the
flex circuit substrate 133 between these notches 148 The flex circuit 131

can be asséRBied af twheofher ebrpbhentdlsbribem éRe (brobe 3O7that the
(j’ substrate directly contacts the tip and 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 circuit 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 isclator 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



[ 0036] Assenbly of the probe 107 of the second enbodinent may be carried

out as follows. A tubular separator 127 is attached to the distal end of a
probe shaft 119 in a suitable nmanner such as by applying epoxy 150 to the
upper end of the shaft and/or |ower inside 11 di aneter of the separator. In

preparatlon f bseq atta S ernall conductive epoxy
may be ?nglgg ﬁ %SFDSFH8Fﬁ18F03E13 &Bagg?BFmFﬁe & %? and
resistor 1§Q?a§reﬁeﬁlaowtnayhaes@@pl kedsat 41535t enthesex elieetsical
conponent s t will be_noted that the tli t herm st or g separ at or

t her ni st or S48t aAHSr é3P3st of Pe3gesildenscaPEaton LRE PHS ?ﬁdéheoﬁtpﬁe flex

circuit subghkafgyg 1§§d‘Eh%hbépﬁﬁﬁQGEWQﬁErﬁQsEB@tlBheXn@'&%%HEXOQOEB§Ct the
tip 135 and separator 137 (respectively). However, the tip therm stor 135,

separat or MRERkESt 6R LBEMaAYtNasHsRER1N3Y theulanps ﬁﬁéée@flﬁhﬁ nor e
conventlongh ?9?%5&0” gﬂ thes gﬂ?egﬁeoEeE ﬁlEh@XleBEB gb%ﬁ%%%g 133

(i.e., sot strate ctlTy contacts tip and separator rather
t han t he ekket theahistopodéit shd Theibklktex dBECagalnsMbihEauat3330¢an t hen be

pul I ed throu shaf t 19 m. ts _distal nd u ti shoul ders
146 on the" g?@ Hggag ?ﬁﬁ SFpFﬁg%gfné5?4§°§n6§ééeg CngF%t end
surface 1541@15 the sbphtraand befbst tuet RebxgyoyeORhE efett he flex circuit

lative to the shaft (Fig. 12). Instead of _ bend t right angl
herr 1ength |1 KBOBR PR e L4T Gf chreuf 1ok et & STOFERHE 197 st

enbodi ment ; st Rengr gkerl4d @f dihecklien eirhadivkrgebsbr ahe 1%%g§&%d&ﬂh§t3d
nearly parallel to their |lengthw se extent so that they are oriented

nearly ort Bégenalfl Fheopzopreasaaiftc Lddi @dtﬁéaﬁéédonlﬂgew@éﬁtﬁ@§@rﬂéé -into
;@B pr obe %ﬂ@fheéag14§h%ssbﬁghéabﬁowﬁ4%o% edl BngeRepalkhy raRROsed Lel ation

d the separato
that the notches 148 receive the protrusions 116. The

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

isolator would be formed with additional slots {nct shown)

13



therm stor 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 wthin the skirt
112 of the isolator (Fig. 13). The head 149 of the flex circuit substrate
133 is threaderrehvoughe 2HBSsIH8' 12brawah hht - i t ThayseReEaECAbove t he

i sol ator 129 -milheF epaYi gRE LOSALObr 1299 0fok e §801 IR eXtendsshpko the
12 neck 147 of the separator 127 and is defornmed 1nwardly by engagenent

with the stopatiads adaingtthkefséseei eEuthe sepsrabee 133. The EksElient
| tor 1 b 4 .t her nj 37 and
ocat or ixg%&’i’fﬁéé &%f%fl&ﬁﬁetﬁé ?\s/\é?%tofnxgoﬁ?gt ﬁ&P@ﬂéI:Oél& ?ﬁg#lét[ﬁ_‘én& an

resistor nount e m ou agal ns € I nher wal
separator.the sihms ivaypdbetiesi hfeatr thentoare 120fbrmsdsfromethbéirm stor 137

and resistor . 139 against.the interior |1 151 of.the paragor. 127 for
achi evi ng 5%%%9%8H%§chshi%ﬂntﬁ%-%epa?%rQQO%%fb?eﬁfﬁe %gng ?ézw%igset.
[ 0038] Thebhegspdd9i #fefihehhit estBet Cuhys sobsiseseidd3theésebestrovel in a

direction transverse to the lLongitudinal  axis of the grobe shaft 119 and
pl aced on EHEPPREREDraf 148 E1§ReChead 1490 i BIPpEE NBE-86WRCt BABHE the top

surface 118i89) fhadcibs N9y ChESUILE KEERbYE LbSaPEPhGUSLONStAd6scdpe edges
of the notches 148 frictionally engage the protrusions to grip and hold the

head 149 i®fpbRketpoasenThisvenrhéolip thermistor 135 is | ocated accurately,

lying substant té‘ﬂdl g%gﬁ%ﬁe(?%%@h%fotnt@gns -ofTPif#gﬁa%eatz‘?ﬁ ljoflfggf Q;I[Hr]'.% the

head 149 so tha ace-prior to assenb e probe
107. An al embodiménp 125sheswnt henFagt atbed Parthi sfstbasgeobey?20Epoxy 158 is

preferably..2pRLi sl 0yt PE PHESLASHOT 1 0P SERAERLOL DGEKaltdne aRFet e
g designated by the 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 separatcor 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.

(:j [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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tip 125 is pushed onto the end of the separator 127 over the isolator 129.
The previously applied epoxy 152 on the tip thermstor 135 engages an
interior central portion of the tip 125. The entire assenbl ed probe 107 can
be placed in an oven for curing the epoxy and achieving final fixation of

t he various_conponents. O her i tahl e ways -of secur.ing t co nent s

t oget her nﬁ?rﬁgge%ﬁFgﬁe&omfgﬁi%%Fﬁglsgggbé%gfapﬁerﬁféf Eﬁg%n?ﬁ . [0039]

In a nodificeg vwer shenieblukerprdikea ofost he feseaeddwanbodi manit, drhe arns 143

of the flex gircuit substrate 133 wul d be I%n%%r tt&ﬁséee phantom il lustration
FFa

in Fig. 18F189% KL EREy TELEENESt M Gudifacthe 4Ps fA¢x g <vidol at or

woul d be fgimed raitkh 2addivhiednal slsotentnelveshowrh (et Q JAGRIME 2ol arms
143" through it. The separator therm stor 137 and resistor 139 would stil

be in the sane [084&]i dfheaitettimeldd dbs applird skpatheobreby. shafthis
nodi fi ed LSl O i.solator, ld~furtherqai dii.n | di th I in
P V?l@' @ﬁg}%@%t‘o% 2?7 angp;is%latﬁotr. %ngngg F:Eg)d%gagggilg[as & s

position after t are deforne romtheir o] lon (e.g., as
shown in Fitgperid)stolrt 285 kandbe usberse dihat ¢d pt e rotilséo waysirof  [Theat | ng t he

electrical , c 0 ts of .the flex circuit in_pla riQr to theis,  final
fixation miyHESC2A WACKINE A8pd LRGP PBm ERA 2Eedp@ U deS PPV Er Sdant

i nvention. tl0@4Gle Ahkr agpenharynipaod @s0ftovaproh@e?®dpof228 tahid d

enbodi nent is shown in Fig. 16. ,Parts of the probe 207 corresponding to the
probe 7 of SKEIE BSC%MEatATEN Tt t%&eﬁlé’nat @&OW %ﬂ?&%%éﬁ@nce
nunbers, pliermd@or Bant sneorresponrdidag be LRese aef Hdfe Ay ake mb@®é of the
second enbodinent will be given the sane reference nuneral, plus "100". A

probe shaf th21$inglp F25t4R8 -sefdr HtGteTo PrRy OB L Vs tisgiedmt Wdithy sinilar to
the prior %@@%@c@e%bsthé fle®%nd embodiment, the tip thermistor 235,

= separator thermistor 237 and resistor 239 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 intended 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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circuit 231 can have a deformable substrate 233 that is simlar to the
substrate 133 of the second enbodi nrent 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
enbodi ment. [0041] Referring to Figs. 14 and 15, the isolator 229 conprises
a disk 208 and a skirt 212 that depends fromthe 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 |ocator 220 extends down from the
di sk 208. Wiraéis daimed | at or 220 is attached to the probe 207 it is
deflected in the sane way as the locator 120 of the second enbodi nent and
perfornms the same function of |ocating a separator therm stor 237 and

resi stor 238n elebironic @ymorAetemaompyisitg? ext endi ng t hrough the resilient

| ocator 220 permts the |locator to deformfor applying.a 14 spring force to
the t her mASrOe tRaptEg o bedieaied o o eanperniise by sﬁoﬁﬁﬁtfﬁreua%%mwma thec 208 is
formed w ¢ rJtﬁx%tofgfeob%?l:dge 262 and receives the head 249 of the flex

33

circuit substrate en it is bent over onto the isolator 229. [0042]
VWhen t he tidpfoR@sble sirapidlemeht iltdme pdajbmmablexdi¢ctri@l Sondsetprnaral ay leagtzneand
i solator 229, the ti nga ati therm stor 235 an shes the tip
t her ni st ofTRSRFUIeFRLS rglr.&{}gag@fggne(cge&tp ﬂtf eie‘sc%gaf ‘éoé'g’tl?t%%g B&?&@g)ﬂtlepus hes
upwar dl'y  tdriperdtai@ of B prote dgier m stor 235 toward the tip 225 and ensure good
contact with the tip. Epoxy between the ti therm stor 235 and tip 225 can
be used a¢ peebeshalt suppariog the prebg timend de:fmgl@wucméelgmam@@dm@w@w y herein
W th resgg(qz:gcylﬁgn.t he second enbodi nent, the tip therm stor 235, separator

r

therm sto and resistor 239 could be |ocated
a locating member further comprising a locating structure, wherein said locating structure

comprises a nub projecting outward from the locating member and engaging an opening
in the deformable circuit element for at least temporarily locating the deformable circuit

element.

2. An electronic thermometer as set forth in claim 1 wherein said locating structure
comprises a platform formed with the locating member, a portion of the deformable

circuit element being held on the platform.

3. An electronic thermometer as set forth in claim 2 wherein the platform is formed with
at least one protrusion extending upward from the platform, the protrusion capturing a

portion of the deformable electrical conductor of the deformable circuit element.

4. An electronic thermometer as set forth in claim 3 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.
5. 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.
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on the inside of the flex circuit substrate 233 so that the substrate (and
not the tip thermstor, separator thermstor or resistor) directly contacts
the tip 225 and separator 227 (respectively). [0043] Wen introducing

el ements of the present invention or the preferred enbodi nent(s) thereof,
the articles "a", "an", "the" and "said" are intended to nmean that there
are one or nore of the elenents. The terns "conprising”, "including" and
"having" are intended to be inclusive and nean that there may be additi onal
el ements other than the |isted el enments. Moreover, the use of "up"”,

"down", "top" and "bottom' and variations of these terns is nmade for

convent engen i d0E helBhmbEA £E AR OREE 5 bRl oRULARMANL Bl e

conponent s varl ous changes cou ove W thout

depar ti ng efenfent fufBerscaipeisef at 1dast dnd ottt bloctricalldevise electtiesllasbnhévadd talthe mat t er
contained in the above description and shown in the acconpanying draw ngs

shal | be idatognable elegtricalcondyctor: andwhegein the logsting membes bipses sgjd 98KEe. 15 \what
is clai redd.gicarldevicd aBlifi& bh AbGorvel JFREdeEirafoPPr i sing: a probe tip adapted

Yor ar ! .
to be heated to a te eraturelﬁ%/ an obj ec? ?or use i n neasuring the
tenperature of the object: a deformable circuit elenent including a

def or mabl | ectrical, conductor and, at |east one  t erature sensor
el eot 11 cal’t 40 ERHITRRE BrREmERGSSEEBRR T JPIn. § RBSE e JSPIREREEDE g ( he
t enper at urg.1@fes h!i‘&ilfé:h?fb@atbf &t%ﬁ;r@riﬁéaghé&@aﬂatos}m@%hbflgiamgsd@a giper tip and

deformable circuit elenment and including an end portion; a |ocating nenber
further celegtrical deyice agansithenigtesior well of e segatatesi n sai d | ocating structure
conprises a nub projecting outward fromthe | ocating nenber and engagi ng an
opening in the deformable circuit elenent for at |least tenporarily |ocating
t he def or igaAh@leirosit tHermometer as set forth in claim 7 wherein the locating member

includes a cavity located to permit resilient deformation by the locator.

9. An electronic thermometer as set forth in claim 1 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 1 wherein the locating member

comprises an isolator made of thermally insulating material.

11. An electronic thermometer as set forth in claim 1 further comprising a base unit and a

cord connecting the probe shaft to the base unit.

12. 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;
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element. 2. An electronic thernoneter as set forth in claim1l wherein said

| ocating structure conprises a platformfornmed with the |ocating nenber, a
portion of the defornmable <circuit elenent being held on the platform 3. An
electronic thernmoneter as set forth in claim2 wherein the platformis
formed wwth at |east one protrusion extending upward fromthe platform the
protrusion capturing a portion of the deformable el ectrical conductor of
the deformable circuit elenent. 4. An electronic thernmoneter as set forth in
claim3 wherein the defornmable electrical conductor conprises a deformable
subst r at e aiprelesipth gunportingdhe probrtimarddefommeblesitsiit glspept anddnelydingeni ved in

t he notchehﬁ‘agkg the deformabl e substrate in position on the |ocating

menber . R ectronic thernoneter as set forth in claim1 wherein the

| ocati ng mmmh&mOrmmphmﬂﬂgnhepnbdgmﬁlocated generally at an end of the probe

shaft, the _bri.dge ing a. portion of the, defor Ie circuit elenent. 16
6. An el oCPeHIng TEMBFR ATt esatink SEusture ‘a?&qslqgﬁheﬁ%fpw% & FEPIMNG  def of mabl o
circuit  gliRpENtaid Wcﬁ&tﬁ‘%sﬂ%@ﬁﬁ!éoﬁﬁﬁls@éa mAthieity RbaY fRInetkodathg devi ce

el ectrically connected to the defornable eI ectrical conductor, and wherein
the | ocat inmegubee pixbengaiag a8 openiing inttheedeforsiabletoincuis Eleten foratdepst nst an i nteri or

wal | of the se ctron hrrmrreter as set forth in claim6
wherein tH ?%@i@'%‘lcﬁﬁﬂ%&ﬁéﬁ%rﬁnﬁ@la ﬁ'&%‘g ilient |locator extending into the
separator, the |ocator biasing said ot her el ectrical device against the

interior waII of the separator. 8. An electronic thernoneter as set forth in
clai m 7 wHér&infoheras S¢t<felala mﬁalma%‘éheremﬁ@ﬂ@efégn&sww@ gompyasgs a@latfermper i t

resilient ‘&Rﬁiﬁ-} Qﬁmgéfn% ﬂ@mh&cép&‘hg? 8fﬂ1@ﬁef%!rrfi£’&lé 191%‘& élé}ﬁédi"aﬁiﬁé fitlgas set

forth in c ereln efo e clrcu ement furt conpri ses
at | east @meheaplhﬁ?asmel ectrical device electrically connected to the

def ormabl e el ectrical conductor, and wherein the | ocating nenber biases said
other electrical device against an interior wall of the separator. 10. An

el ectroni q4! RGHSRR A ol iS@hind & Wherbifl e Fhtfdrh WRGHRY Rvithh# léa@t“(ﬁﬁe' ”9 menber

conprises an isolator made of thermally i'nsulating materi al
el ect r oni grothsiomextending fonsthe platiotrh, thﬂpmhaslm Qammlmtveporn@‘mpﬁthm ng a base

unit and %efO(I:'I'(I)lEl&e ef%n e con((i’ucttor Ofa{ OC*%?O LtCll'tCI(l)lt élgr%en ase unit.

15. An electronic thermometer as set forth in claim 13 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.

16. A probe as set forth in claim 12 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.

17. A probe as set forth in claim 16 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.
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12. A probe for an electronic thernoneter conprising: a probe tip adapted to
be heated to the tenperature by an object for use in neasuring the
tenperature of the object; a deformable circuit el enment including a

def ormabl e el ectrical conductor and at |east one tenperature sensor
electrically connected to the electrical conductor for detecting the
tenperature of the probe tip; 17 a probe shaft supporting the probe tip and
deformabl e circuit el enment and including an end portion: a separator
support ed by the probe shaft; a |ocati menber has a Iocat|]% structure

engagi ng thed G@Sﬁﬁﬁ%lf@%mﬂ&mt”éﬁ’@mthe logating semberingludescatesifigntst r uct ur e
conpri ses c?ca%?@:ggﬂti or%g%q 9 sQUENG e 1528: biX 1nk9£1§%?1{%gele&ﬁ€9‘?fevi%9d engagi ng an

opening int e circurt elenent tenporarily locating
t he def or apdihst thei ineriot wall efithetepataBor. A probe as set forth in claim 12 wherein
said locating structure conprises a platform fornmed with the | ocating
menber, a portion of the deformable circuit el enent being held on the

pl atform 1%4 P@b@ LOB& f&ith R&UaifnABWheldin ﬁie%(fﬁhﬁg‘ ni@ﬁﬁa@?in@luﬁ&ea ahvayformis
formed wt

east one protrusion extending fromthe platform the
pr ot r usi oiocategtapérmit rasipent deformationttyshe Wedtor. mabl e electrical conductor of
the deformable circuit elenent. 15. An electronic thernoneter as set forth
in claim13 wherein the defornable electrical conductor conprises a

def or mabl gosAIBedbe @l Setiforel indildig [2twheeds theQRformable Rirclihgemeifutigdron  bei ng
received in the notch to hold the defornmable substrate in p05|t|on on the

| ocating cpmpms at least ope pihenmleciricabdevigeiectriqally epraented o tadelormatlte | ocating
member i n(éie%%ﬁ c%ng’ﬁét&g&d \Jv}?e?a}l ?ﬂ:tlﬁcgﬂﬁg aelrr}{)e 1ra?e'§ sﬁﬁ%ﬂﬁE eﬁe{;ﬁcﬁrd% S haf t,

t he bridgée engaging a portion o orrabl e circul nment

probe as agdindtat idlerior valllasfmhelgpabtor.ei n t he deformable circuit el errent
further conprises at |east one other electrical device electrically
connected to the deformable electrical conductor, and wherein the |ocating

menber bi Q§e§ o FlRing®! f6bd fof 8 el@&i’dn‘fcetheﬁ%&éi’étcoﬁﬁinhlﬁéer' or wall of the

separ at or .
posmonmg a deformable circuit element together with a probe shaff;

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;

inserting an opening in the deformable circuit element onto a nub associated with the

locating member.

22. 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 shafft;

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

inserting a receiving portion of the locating member into notches formed on the

deformable circuit element.
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18. A probe as set forth in claim17 wherein the |ocating nenber includes a
resilient |locator extending into the separator, the |ocator biasing said
other electrical device against the interior wall of the separator. 19. A
probe as set forth in claim 18 wherein the |ocating nenber includes a cavity
| ocated to permt resilient deformation by the |locator. 20. A probe as set
forth in claim12 wherein the defornable circuit elenment further conprises
at | east one other electrical device electrically connected to the

deformabl e electrical conductor, and wherein the Iocatin? nmenber bi ases
qc

sai d ot herR3ehaeathadas|setdferth aeclaigydl fustherpenpaisiagibinsingayith the lacpéng epar at or . 21.
A net hod I | . conpri si ng:
positioni%&ngggépg?%%%Fgggkﬁgé?ﬁg8ﬁéﬁ%%%8§g§%%ﬁﬁ?ﬁﬁﬁﬁ%ﬁénprobe shaft;
deform ng the deformable circuit el enent; connecting a separator to the

probe shaft; connecting a laqcating nenber to the prohe_ shaft;
i nt er conne@ft HAesthadeas set igrthimelaink 2% g!&bﬁr ompgsing biasing vatuthe IngaWidber for use

in locatingmbpg, Qﬁifoﬁ%mlcﬁf&fnﬁﬁlg'cfrc { GOt iﬁ%%&éaﬁ&aﬁﬂ opening in the
deformabl & circurt el enent onto a nub associated with the | ocati ng nenber.
22. A nethod of nmaking a probe for an el ectronic thernonmeter conprising:
positioning a deformable circuit el enment together with a probe shaft;
deform ng the deformable circuit el enent; connecting a separator to the
probe shaft; connecting a |ocating nenber to the probe shaft;

i nterconnecting the deformable circuit el ement and | ocating nenber for use
in locating the deformable circuit elenent; inserting a receiving portion
of the locating nenber into notches formed on the defornmable circuit
element. 19 23. A nethod as set forth in claim21 further conprising biasing
with the locating nenber a portion of the deformable circuit el enent

agai nst the separator. 24. A nethod as set forth in claim22 further
conprising biasing with the locating nenber a portion of the defornable
circuit elenment against the separator. 20
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