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PCT/ | B95/ 00204 Resi stance neasuring circuit, and thermal appliance,
eléctrlcal t heyw@apy®s and cold- generating appliance in@b&ﬂ?ﬁﬂmﬁuch
a neasurlng circuit: . The invention relates to
a nmeasuring circuit for neasurlng the resistance value of a resistor,
which circuit

tor
a first resi s]f‘or ar‘l% a seccﬁn‘é‘mr e$I S therm acq?hgnce EES‘?@%‘&"’EB‘“PBC%@“ cold-
capacitor 5 gdmramgapglnmemiuhming)mhtmeamhng eirguif.or mi ng a capacitor

vol t age, di scharge neans for discharging the
capacitor, - a first reference voltage source for
generating a first reference voltage, ' first

conpari son nmeans for conparing the capacitor voltage with the first
reference voltage and for generating a first detecti-on signal when the -

capacitor voltage passes 1 rriim% renGE.: Iéﬁﬁ . . .
ti me neasurenent neans forﬂmg‘ggﬁdﬁg iTs Iﬁ%ﬁn%xgn er€f§1" "\?\ﬁf‘é’f‘l’fg gxetrgﬁxstance -
di schar gi ng ovaleehef & sgsistor; evhidhycitduit abmpu:ises'ge nmeans, term nates upon the

occurrence of the first detection signal during charging of the
capacitor via the first redfMOT and for neasuring: a second tinme

i nterval which, after di SCbm&é&n&qus&am%ﬁs%McﬁbﬁﬂéWﬁtﬁ@mam |

15 termnates_upon the occurrence of the first detection signal during
char gi ng o# ti% charging the capacitor, therely farming a canacitarck@ge.csi st or .

- _ discharge means for discharging the capacitor,
- - a first reference voltage source for generating a first reference voltage,
- - : first comparison means for 'compaﬁng the capacitor voltage with the ﬁ(St
- reference voltage and for generatmg a first detecnon sxgnal when the capacxtor voltage passes
ld the first reference voltage, '
- B  time measurement means for measuring a first time interval which, after
discharging of the capacitor by the dlscharge means, terminates upon the occurrence of the
first detection signal during charging of the capacitor via the first resistor, and for measuring
a second time interval which, after dlschargmg of the capacitor by the discharge means,
15 termmates upon the « occurrence of the first detection signal during chargmg of the capacitor
via at least the second resistor. :
" The invention also relates to a thermal appliance, an electrical
-thermometer and cold-generanng apphance mcludmg such a measunng circuit,
- Such a measuring circuit is known from United States Patent No. _
20 4,910,689. After it has been discharged the capacitor is charged via the first resistor and the
~ time is measured which is required to charge the capacitor until the capacitor voltage has
become equal to the first reference voltage. This measurement is the first measurement and
the measured time is the first time interval, "Sﬁbsequently, the second resistor is arranged in
parallel with the first resistor and the capacitor is discharged again. After this, the capacitor
25 is charged again but now via the parallel-connected ﬁrst resistor and second resistor, and
again the time is measured which is needed to reach the first reference voltage, This
measurement is the _second measurement and the measured time is the second time interval.
The ratio between the first and the second time interval is equal to the ratio between the
‘resistance value of the first resistor and the resistance value of the parallel-connected first



The invention also relates to a thermal appliance, an el ectri cal

t her ronet er and col d-generati ng appliance including such a neasuring . T
circuit. WO9527189 Such a measuring circui tPGRIBRSENZM from |
United States Patent No. 20 4,910,689.9After it has been di scharged t he
capacitor is charged via the fi rst -resistor and the time is neasured

whi ch i fediiianidesbedti féaﬁfoaeﬁ@m&aeewmé opeimér the first P A $eRbnd’ fisis e% has

become equal to the first reference voltage. This neasurenment 1s t i rst
measur ekaawnawhich is the; reference Jesistance; sethat uq ofthe other résistor; v.al the

Pirar Skl MfRRE R0 e RRBPE coh Se RlcAARdOA s il 211 51, 1"

capaci tor 25 i s char grthekmown inusunngvcitcm thecsepanidatelistor toaTAReS th Haralidl

resi n cond resistor, and ai n tine, is maasure WhICh i's
needetl Pl s Hrstusior Ruing e Pamdemeasnichiral #m@rstrws s the
second meARitleRilF 8 the rnﬁéﬁé's‘e?dlttliﬂﬁo thE'cﬁgadtB éI

The ratio between the first and the secon t| ne |nterva equa ?%vq{l

rati o baiashersecand resistor during; therseecond-measurement, cTe; first resistor ds thendmcnmmd

resist a@ﬁg&g&“&&h [eSsuR@hé! Phe ¢ABESE i hnkhvid resistance can then\ggam%zne'g

PCT/ | B9
resustoﬂeﬁvdi&emahdratksbetWeenthEhmsdemMue of either the first or

the second resistor i known, which.is the reference resi stance, so
hatf o vl te of t hahguRERoYE SeSARe may be 'y [eBipersrS dpndast USRS R ¢ o
be neas %iﬁﬂple@ﬁeﬁﬁs@ﬁb?ﬂhm ﬂégﬁﬁ% Qﬁ:péﬁidr@ coefficient) resistor. The m I n

t he known neasuring circuit the second resistor is arranged in parallel. ‘
wi t h. t h@esistanse is thenox measure of e teraperatyrsnef the sesistenydn that vase the measuriagi st or

possi bl SaFa iavery sEERIFRSE Hst Yo bRokiofyyf ARAH dpblincel S5t Ble il Tole . o,
during tiskesastevudc kettledesptryer, fOastef,icook-top; wved,ogrill, shot-plate, toomdieatiny ed -
15 appliance, radiant heater, fan heater, hair dryer, hair cutler, bread toaster, sandwich toaster,
electric blanket and the like, electrical thermometers and-cold-generating appliances such as
an icemaker, food processor, refrigerator, deepfreezer, air conditioner and the like.
~ During discharging of the capacitor two currents will flow through the
discharge means. Fxrstly, a discharge current which decreas_es to zero as a result of the short-
20 circuit of the capacitor. Secondly, a substantially constant charging current whose magnitude
at the beginning of the first m&surement is mainly denerrmned by the first resistance and at
the beginning of the second musurement by the parallel—connected first and second
resistance. Owing to the finite nnpedance of the discharge means the charging current
produces a voltage drop across the discharge means, which voltage drop will be left across
25 the capacltor asa rwdual voltage at the begmmng of the first or the second measurement
when the dlscharge path of the dxscharge means is opened. The residual voltage influences
the time required to charge the capacxtor to the first reference voltage and hence the lengths
of the first and the second time intervals. During the second measurement the first and the
second resistor are in parallel, so that the charging current at the beginning of the second
30 measurement is larger than at the beginning of the first measurement. Con_éequently, the
residual voltages across the capacitor also differ per measurement. Moreover, if the unknown
resistor is an NTC resistor this_difference in residual voltages also varies as a function of
temperature. These residual volﬁges consequently result in an inaccurate measurement.



during the second neasurenent. The val ue of the unknown resistance can then

agai i “be
10+ |

der| ved fromthe ratio between the neasured tine intervals.
The unknown resistance may be a PCT/IBY5/00204

t enper at ur e- depengzenf resi stance, for ex$rrpl e a thermstor or an NIC

(negative tenperature coefficient) resistor

he measured resi stance

is then a -nmeasure of the t erat.ur f the resist.or t hat cas
nmeasuri ng circuit is "BWS?R ?ém?éhq Bivenpan ?HW&%? E%Wytééf’%ﬂ‘mmg
appl i ances sucdirciifi defiddPdbove aid t6 eHis efi the invemtilo fis cliardrised irk tiat kiR, métiing

fryer, roaster,

appllance
t oast er,

processor,

Duri ng di schar
di scharge nea

cook-top, oven, grill, hot-plate, roomheating 15

rammtfm@araomm heater hair dryer, hair curler, bread

sandwi ch toaster, , {-éfg,eﬁéecv& gé'%o@?& s‘lBﬁY“ﬁ |cema(£ érkl?ood

t her rmrret ers and col d- gener a%eo?lg appl1ances~suc
5 ef\mttaggr which lied befween dhefirst a¢ferencervioltagerand thenchpatitor| voltage immediately

a}st t.he S%amto two currents will flow through the
ME current which decreases to zero as a

result of the short- 20 Ciseedudtcdaipahb@xﬁmfot% pﬁe?)mdlapacﬁorvoltagewlmme
I tude

substantially constant chargi ng current whose magn
begi nni ng of  tseeond md@iﬂi@r@ﬂ
resi stance. andg,

paral | el -

required to c

t he | engt

second neasurenen

h
qrgemlm/a Kietection,sigral g\tfheﬁlrt& capacitor

sw asurenent by the

connec |rst an gcong chvo él st%@g{m@\n ng to the finite.

| rpedance @ t-he di schar ge the finst ﬁﬂmsmemalgndg:hemnamnme interyal startcuponthe

vol tage drop across th | schat qe ans. ich voltage drop wll be left
across 25 ' rtlclj 4@%Mage at the beginning of the -
first or the second rreasur eI ime measument!ib deldyed itildhe Baabitorf voliage has increased
di scharge neans is o ened The resi dual vol tage | nf|uences the tine

th

hs

de msmebanﬂomwge WEAFUFEIEAL is not
fl{l‘{%ﬁ'ﬁ* n. §§t§t feglﬂ tHE rRRBN Yol E)dﬁ § HeV@pacitoPnb! 108ker ?Fagr a

.sec ESIS'[OI’ are 1n para

so that thé&Schparging current at the beg| nning of the second 30 nmeasur enment.

is larger than at the beginpi ng of. fLrst u ' .
vol t ages across 't MB& %ﬁﬁg P%PM%WMé%
i T téifbodiient\Which is chaftefis&d in ﬁtaﬁthel‘ﬁﬁi mmw miedissandi thé sgcond e

in resi dual

.vol tages al so varies as -a function of Thes
resi dual vol t RPSIPIEISERN; Bgars-ATe pnited: in 3 singleomnparater, and in ﬂ@g&ﬁfil%w?mw voltag

resi dual
Mor eover,

20

25

30

source and the second reference voltage source are united in a single reference voltage source
whose reference voltage is switchable from the second reference voltage to the first reference
voltage after the occurrence of the second detection signal.’ '

Accordmg to the invention a sxmple single reference voltage source with a
switchable reference voltage is charactensed in that the smgle reference voltage source
comprises: ' :

- a voltage divider with a series 'érrengement of a third resistor and a fourth

resistof, o - | '

- ' ~ a fifth resistor, and

- | . switching means for connecnng the ﬁfth resistor and the third resistor in

parallel before the occurrence of the second detection signal and for connecting the fifth |

resistor and the fourth resistor in paraliel after the occurrex_xce of the second detection signal.
| These and other aspects of the invention will be described and elucidated

with reference to- the"a'ceompanying drawings, in which 2 '

" Figure 1 shows a first circuit dlagram of a measuring circuit in

accordance with the mvennon,
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It is anvbpsamsof the invention to inprove the accuracy m'!‘lmhﬂoumasurr ng, «
circuit defined above and to this end tlge invention is characterised inm ;
that the neasuring .Circuit further conprises:

a second reference vql:,g@gez SHOWsCsRmieOwave ot itls \of 3ignals Eppeith rxﬁfaexh%ﬁﬁné

vol tage which lies between the first reference voltage and the capacCitor

vol t age qiseHidn eqargance Wlma*?éﬁveﬂﬂ%har gi ng of the capacitor,

second conpari son ne

second rertrgrence vol t'a e an genera‘P&‘n second}ﬁg%a%"ggg "yﬁ&g naI when
t he capaaccdérdance withﬂmlimgnmpasses the second reference voltage, and in that
10 thffrrst ti.ne ipterval gndthe .second tine
inter¥al start upon tfigure &g fiuis diggram of @ JRCASHRIRR EHFWhins | gnal

The ti Wmthdﬁvdﬁoﬁ ed until the capacr tor voltage has |ncreased--:'
sufficiently. This is_signalled by the second detection signal and the time

measur ement i s not lgl@t%ﬂ% agraleqtrial cAnnection, diageam of a flat-iron including a

vol t age g&ls 9@‘7'%&‘35“ ‘P%%er% g%gﬁr,e@ oRlYS @ 15 part.
A substantia trﬁlon of the nu parts can be obtained with an

enbodi nent whi ch i's dhgumcﬂ isrd seetionah viewaof 4 fflat-iron &chaiimga measuringecireaitdmd
the cond nBE ison nmeans are united in a single conparator, and in
t hat h@.ccorpgncer &8&%&‘8{ source and the second reference

vol tage source are UrFig@@ 7 ShowsSd Gistuit diffRASTRRAANrdPRBIuARI £ ReRRritf0Se
reference voltage is switchable fromthe second reference voltage t0 the ‘

first r%ﬂ%%@wﬁmw&@a@emﬂmthe occurrence of t he second det ection

si gnal.. %&i l e si ngle
reference vol tage source Wi tﬁuresﬁﬁEQfe eH@ #hg Te erence 7 age is; :
characterised in thatFigtwe kshoywsa Mnagcucmbhta@orchnoewah the invention. A :

15 series arrangement of a first resistor 6 and a capacitor 8, whxchareconnectedtooneanoﬂxer
in a node 10, is connected between a positive supply terminal 2 and a negative supply
terminal 4, whlchxsassumedtobeenrthed Adxschargeswuch l2lsarrangedmparallel
mthﬂlempacxtorSandeanbeopenedandclosedby meansofaﬁrstswmchmg signal §,. A
series arrangement of a second reustor 14 and a paraliel sthch 16 is arranged in parallel

20 with the first resistor 6. Theparallelsthch lécmbeopenedandclosedby means of 2
second switching signal S,, as a result of which the second resistor 14 is connected in
parallel or is not connected in parallel with the first resistor 6. A first compa:ator 18 has one
input connected to the node 10 and has another input connected to a first reference voltage

- source 20, which generates a first reference voltage Uref I The first comparator 18 supplies

25 a first detection signal D;, whose value changes if the capacitor voltage Uc on the node 10
passes the first reference voltage Urefl A second comparator 22 also has one mput
connected to the node 10 and has another input oonnected to a second reference voltage
source 24 which generates a second reference voltage Uref,. The second comparator 22
supphes a second detection slgnal Dz, ‘whose.value changes if the capacitor voltage Uc on the

30 node 10 passes the second re_fetenee voltage Uref,. The second referenoe voltage Urefz hasa
value which lies between the first reference voltage Uref, and the residual voltage Uct across
the capacitor 8 immediately after the capacitor 8 has discharged via the discharge switch 12.

The detection signals D, and D, are apphed to inputs of a microcontroller
(also referred to as microprocessor) 26, which under control of a program stored in a ROM




B |

conprlses 25 - - a voltage divider with a series

arrangenent of a third resistor and a fourth resi stor,
a fifth resi st‘gfw ’?ﬂq’( swi t chi ng means
connectli ng t he"PiP esistor and the third resistor in pBFyF‘Pél‘m“"

before the occurrence of the .second detectiof signal and for connecting the
fifth 30 resistor and the fourth .resistor in paraIIeI after the occurrence
of the secondreddtoniyn memosl)@ﬁeprowdes the ummg of the measunng cirduicamnd et aitd”gencratcs

espects of g AR Sk S, b iR fonbaog e AR 12 and b el s

Figure 1 shows. Thé ipfopramiofehe imd’bﬁilh@llbp% fagdTRubPOLtined to-édumt! tlock Bulscs (not shown)
accordance with the inventiagn WO 95/ 27189

PCT/ | B95/ 002@uring time intervals defined by the detection signals D, and D,, subroutines to store the
Figure 2 o] mf {ocadsIh e

circuit |?qa\c?§%‘?g§§ge W tg '[Elelpl nvesntlé'g‘r?]rysl@B a{bmnwt&pmhhmmﬁugure 3
shows a secoogerationson tlmmgnumd;‘dependmgwnlthgun ofcﬂlelmeasnnng circaitc subdoutines to
with the inv L on igure 4 t hi i.rcuit
di agr am of- agﬁé‘xgﬁl‘l"ﬁ&f&‘%ﬂﬁ“%m“°“aé% ﬁﬁadﬂp Tﬁ“glﬁ% 3? ‘E‘F’éﬁ'u"m

Figure 5 showsnmelse,ctrl cal connection di agram of a flat-iron including a
measuring circuit in accordance wiith the invention

Figure 6 is a sectional Vi TRRasyring ﬁ!";‘l“r‘&‘l W@d"ﬁ&‘h‘%mrﬁﬂ&m‘l
' “ 10 resistor 14 if the reustance value of the first resistor 6 is lmown and vice versa. Thus, one of

the two resistors functions as the known reference resistance and the other resistor is the
unknown resistance to be measured. If the unknown resistance is an NTC (negative
temperature coefficient) resistor the measured resistance will also be a measure of the  ;
temperature of this resistor. In that case it is also preferable to arrange the NTC resistor at -
15 the position of the second resistor 14. As will become apparent later on, the capacitor 8 is
charged two times, one time via the first resistor 6 and one time via the first resistor 6 in
parallel with the second resistor 14. By arranging the NTC resistor at the position of the
second resistor 14 it is assured that the time constant for chargmg the capacltor 8 in the case -
ofthcparallel-connectedreslstors is smallerthanmthecascthatthereslstorsarenotm
20 parallel. This simplifies the timing of the meesurmg circuit.
| The operation of the measuring circuit will now be explained with
reference to Flgure 2, which shows some signal waveforms. The discharge switch 12 opens
at the instant t, and subsequently a first measurement is effected. The capacitor voltage Uc at
this instant is equal to the first residual voltage Ucrl, which is caused by the chargmg current
25 through the discharge sthch 12. The mtemal resistance of the discharge switch 12 is limited
and canbea few hundreds of ohms in the case of transistor switches. The transistor switches
are often mcorporated in the nucrocontroller 26 and may exhibit a substantial spread in
forward resistance. From the instant t, the capacxtor voltage U, increases from the first
residual voltage Ucrl with a ﬁrst time constant Tis which is determined by the value R, of
30 the first resistor 6 and the capacitance C of the capacltor 8 (Fig. 2 (a)). At the instant t, the
capac1tor voltage Uc reaches the value of the second reference voltage Uref, and the value of |
the second detection stgnal D, changes (Flg 2 (d)). At the same instant a first clock-pulse
| count CNTI is started by the microcontroller 26. At the instant t; the capacitor voltage U,
reaches the value of the first reference voltage Uref; and the value of the first detection



10 accordance with the invention, -and - . Figure 7
shows a circuit diagramof a flat-l ron incl udl ng a measuri ng circuit ’
i N accor ¢ayesRydet h t he i nventi on. POAIMBYNOZE Fi gures <
| i ke el enents bear the same reference gunerals. - ' ) :
Figure 1 shows a neasuring circuiit in accordance with the invention. A 15

seri es mmmmqplga2fqe))strhé%§m&tm?n&0%t®sc’ﬂﬂéﬁhrh9& &'cld@ik'eﬁﬁke@pom ive

connected t 0 ‘one anot node” 10, .iS. connected betwe
suppl y @E’Immlmeasm@fa ﬁfé’g%!!l?mab#hy- t3.- t, clapsingnbatween passagh of ¢heassuned

E:g.pggl t'or [@e JéEanV%g‘g open# gmaﬂ% ﬁggﬁm&g U}F ﬁ+?ﬁfkgws?%h the

si gnal GNT, As subsequeatly steredrm&hngtBOoFoaﬂmlm&nms:fshmﬁrsl&mﬁdmdt al l el

oar o 1 o itgboried 8380 - Rt iagh it Bt sippl epac e o o

swi t chi %mp@énQ[eru]m@@pmm%l&g@ﬁ meian&bmmmﬁcd Stor 14 IS

connect ed in “parall el I's not conhnected in paral l el w th the first
resistor 6. A first corrparat or 18 has one _ ‘input connected to the node
10 and has anot her input connected to first reference voltage - source
20, which generates a first refer nce;aoltage Uef[err]. The first '

conparator 18 su 2? rst etgdtion signal Derr], whose val ue
changes if the cg{pﬁétel?%r (/éf’f a) oirall t he node - 10 passes the fi{t
reference voltage Wef[err]. A second conparator 22 al so has one input
connected to the node 10 and has another input connected to a second

ref erence voltage source 24, which generates a second reference - !]

vol 1ageUeity &ﬂkef]atﬂiemﬁnoqdndamgyamef,aeme instarit . Fionf equali6s P)dt Aew ect i
si gnal ose val ue changes if the capacitor voltage Uc on the 30 node
5‘5 owf,

10 pas recond reference voltage Uref[err]. The second ref erenge
voltage Uref2 has a val ue which |lies between the first reference.
voltage Uref[err] and the residual voltage Ucr across - the capacitor 8
I nmedi ately after the capac M di scharged via the discharge switch
12. Aty =ta~tr=~T41n ! tion signals Dlerr] and Dlerr]
applied to |nputslo & mi tr pTddr-Usefy ¢r (also referred to as o

m croprocessor) 26, which uffider contTol of a program st or ed in a ROM

After the instant t,, at a suitable instant t,, the capacitor 8 is discharged in response to a

15 change of value of the first switching signal S, (Fig. 2 (b)). Slightly later at an instant t; the
parallel switch 16 is also closed under command of the second switching signal S, (Fig. 2
(c)). The values of the détection signals D, and D, change asa result of the discharging
process. Theﬁrstreslstor6andtheseeondresnstor l4arenow1nparallelandalarger
current flows through the discharge sthch 12, S0 that the second residual voltage Ucr, is

20 also higher than the first residual voltage Ucr;. At the mstant ts the discharge switch 12
opens again and a seoond measurement is now carried out. From the instant tg the capacitor
voltage U, increases from the second residual voltage Ucrz with'a second time constant 7,,
which i is determined by the value R, of the first resistor 6 in parallel with the second resistor
14 and the mpacnance C of the capacl_tqr 8 (Fig. 2 (2)). Atan instant t-, the: capac1tor voltage

25 Uc again reaches the second reference voltage Uref, and the value of the second detection
signal D, changes again (Fig. 2 (d)). At the same instant a second clock-pulse count CNTz is
started by the microcontroller 26. At an mstant tg the capacxtor voltage Uc reaches the first
reference voltage Uref; and the value of the first detection signal D, c_h_anges again (Fig. 2
(¢)). The count CNT, now siops._ The clock pulse count CNT, isa measure of a second time
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(read-only megpy *%2"78 provides the timng of the neasuri ng Ci peXirhostigshs
inter alia genera the switching signals S[err] and S[err]| for

control Ilpg t he -di schar ge isvmtch 12 and the parallel swtch 16. The
(not ahown)  ieNCAZE0H ¢ & s bed@Pen bl o U5 s filthence Hfifigl Yrdnd e
Dl err] and Dfiestirbference voltige Beefy. d'mtmpm c(ﬁnccwﬁzas subseqw stored in the RAM
bpor at 1 ons. oAdt ﬁ&”@s?s%kgpayﬂﬁ“Pr°“t' i g BBl i i iR t#@ﬁéqmbnz = the

circuit, SUbi&i&dnBESraiu@ofmeséSﬁHks{sﬁﬁLM% méveh Tad =00,
for exarrple a display 32 or adlgltal-to %mal R” cu:% rterﬂg4 %

The rreasur.n'g’hepanamt@rwlngﬁé&s wm@p@ﬂmsev% @tmulammhlgmlfqmula

Voo versa. T SealsZ0keE GNGE il Bld DERRh Tt Bl b Whol WA &

reference renowﬁhnuwsﬂmﬂ the other resistor is the - unknown resi stance

to be neasured. If the unknown resistance is an NTC (negative . .

tenperature coefficient) resistor the neasured resistance will also be a
measure of the : tenperature thIS r |stor In that case it is also
preferable to arrange the position of the second 3
resistor 14. As will 7apﬁ r on the capacitor 8 is @)
charged two tines, one time via t e flrst resi stor 6 and one tine via the _
first resistor 6 in parallel with the second resistor 14. By arranging-

the NTC ri®si The resistarice evahueR4 foria giver vaiue of R, sarrnowl beecalcalated fremithe ratio between
assured that he t consta or_ char ca |t 8 i.n the cas

of the paral Atand %@??%‘P&%ﬁ’e&ﬁ{{héﬁ?ﬁﬂ Qnly. depends WE‘E
resistors ar eames of R, Rgamé kfi¢rocdritiollef 26 Rbi! pepformiQ simple petion Bfon the

measuring circuit, The operation of the maasurl ng

circuit will COWMs SNIAMMﬂW to mlcul%tpéheewé@e&Oﬁﬂmeso@ remtos 4sHohe

sone signal \é%%ﬁ [ﬁg‘a q#d
t[err] and subsequen fIsfl r's neagtﬁ?\énrﬁta 1'S e? fegom capac feaiﬂtthe
vol t age LIS aROM 28 and i 1s converted to a signal whose value is representative of the temperature of the

relevant NTC resistor. If the circuit is used in an electronic thermometer this temperature
signal is shown on the display 32 in a suitable manner. _ -
As is indicated in Fig. 2 (a); the discharging process of the capacitor 8
" can be prolonged as required. Thus, the timing of the switching signals S, and S, can be
20 chosen so as to ensure that the capacitor 8 is not discharged prematurely for any value of the
~ time constant 7,. If the second resistor is an NTC resistor its resistance value can vary from
some hundreds of kilo-ohms at low temperature to some hundreds of ohms at high
temperature. Arranging the NTC resistor at the position of the second resistor 14 now
ensures that the time constant for charging the capacitor 8 in the case of parallel-connected
25  resistors is smaller than in the case that the resistors are not connected in parallel. Instead of
" a microcontroller with a RAM and a ROM it is, of course, also possible to use separate
timers, counters, regisiers and the like for controiling the discharge switch 12 and the
parallel switch 16 and for carrying out the mathematical operations. The discharge switch 12
and the parallel switch 16 can be constructed as relays with relay contacts or as'transister
30 switches. The discharge switch 12 is, for example, an NMOS or NPN transistor and the
 parallel switch 16:a PMOS or PNP transistor.



this instant is equal to the first residual voltage Ucr[err], which is
caused by the charging current 25 through the discharge swtch 12. The
i nternal wogbguance of the discharge switch 12 s |im tedPCTABISBOR4 Can be, a:
few hundreds of ohms in the case of tragnsistor switches. The transistor-

Swi t ches are often.incorporated in the mcrocontroller 26 and may . °
exhibit a subst ant i aFighRs $ahows'a mmphﬂeﬁ@i&&&ﬂgfe&&ﬁtaﬁ‘ﬁsfﬁrﬁrr@mvb ant
t[err] the c aC|tor volta e Uerr] increases tromthe dual
vol tageﬂ‘!&‘ie[ thetsecandsrefe cp.wba&%mm ¢can b replacedhby @ singleecontroliabley

et orﬁg‘?%gé s Vifage!if SonEial 14 8 iflerd i SARAGLL ARSI Gr T 0o
e e ot es agnably. E. ”ﬁ““"“’zﬁ’;‘ﬁ"me sl D06 swiicifl aipfiall e vol 1 of
instgntc.ﬁﬂedqx ?é?"b m& taDL?f lliﬁ MF&&‘QYWBP‘F&&% ) _
Mi cr oc Otk frefetefite ¥6itaghlis sWitchedSiraii U bmrefambﬁr mlé‘f‘ﬁﬁ‘;’# s o lue of

reaches the value of the first referénce Vol e U'eflerr

t he fi ragededwhich bas one input connected/o | /ngdggoan another input to the controllable
PCT/ I B

si gnal qﬁlag i Hanges (Flg 2 (e)). The count Cl\ﬂ'[err] now stops. The
nunber of cl ock pul skasthe measuPid eircujt shown imFiguse & thé secohd resistér Ieisi Nt er val

e g Kl e G e e 4 e
cl ock p&i fy connectdTlothé kapazitét BSHOWEVEr] Miterhativa) the For

the cal culation of the first tine interval dtIerr] 5 | assumedb?h,at

Udd = <sharge exglusively vig thesecondsresistos Msmthemm&mmmm'ﬂwﬁmearth (
[or1]  rosBoP'l fencdisdohfidida Gy tnd MooVl Qne 8 PrateP e e ©°

in acc
becomes a change-over sthch which connects the first resistor 6 to the capacitor 8 dunng

15 the first measurement and which connects the second resistor 14 to the capacitor 8 during the
second measurement. This configuration again enables the value of the unknown resistance to'
becalculatedfromthemeasuted time intervals. Such a change-over switch instead of the
parallel switch 16 can also be used in the following: embodxments and examples.

Fxgure 4 shows a mieasuring circuit wh1ch has been simplified even

20 further. In the prese_nt case the eontrollable voltage source 36 and the interface circuit 38 are

constructed with a third resistor 42 between the negative supply terminal 4 and a node 44, a
: fourthrensmr46betweenthenode443ndtheposmvesupplyﬁenmnal2 and a fifth resistor

438 havmgoneendconnectedﬁothenode“ 1tsotherendbemg connectlbletotheposmve

supply terminal 2 or to the negative supply terminal 4 under control of the third switching

25 signal S, viga change-dv’er- switch 4. The inputs of the comparator 40 are connected to the
nodes 10 and 44. The comparatwely low reference voltage Urefz is obtained by arranging the
fifth resistor 48 in pa.rallel with the third resistor 42. The comparatively high reference
voltage Urefl is obtained by arrangmg the fifth resistor 48 in parallel with the fourth resistor
46. . :

30 Figure 5 shows_the measuring circuit used in a thermal appliance, for
example a flat-iron. The electronic parts are mounted on a printed circuit board 52. The
second resistor 14 is an NTC resistor in thermal contact with the soleplate 54, which is
heated by an electric heating element S6. The second i'esist_ex_'-. 14 is connected to a terminal
58 and a terminal 60, and the electric heating element 56 is connected to a termmal 62 and a

6



Ucb(t) =Ucr[err]+(Udd-Ucr[err]) [err] '
(1) *- 10 Uc(t[err]) =Uref[err] at the instant t[err] and

Uc( t] err]) =Ur fd &i¥rigseat the instant t[err] From equation (1) Ilfcmmoozm
fofl ows that: [err]

(2) - After the instant. t[err], at a su?table |nstant t[err] the
capacitor 8 is di ar 1.n re eof Iue the fijrst
swi t chi ng SI Egér ﬁﬁ? f,j%ﬁ,&,g%zaﬁl aﬁs rseey v'ieﬁ's? atnf “to["@f‘fl]

t he ~ par gk 75shiows hheleirétﬁt dihgramcofohe @nmd&:ircm boardd5 2 Thehemperasine! of the

swi t chi ng si gnal rr Fi The values of the _detection

si gnal s %[errgsfeah&%éﬁ ﬁ%mmgogg?@m switghes ﬁgcmrgeew&rtglm@tpoﬂs of the
process. The ﬂn&&&n&&f& 960Thé eﬁeﬂlctﬂ&uﬁféﬁﬂﬂmr 56 isSthftied bh AhdGuRied dff‘by means of
parall el -and a |ar - current flows throu%h t he di scharge sw tch :

so that the adelay éﬂudualmmﬁd@a the micosontrplien 26 aicha gorsrolitransiston J05 Th%t

bpens. agai n ﬁ%g%'y@ ikt B¢ 0 SplePBletSY s\ oflpatea i e "EBEA? W' \nddts of
e e, it st s e s it
by thg val ue Wi é} g@?‘!é"‘?’é&ggt"ﬁw the; .5 Wﬁa{lﬂ%%ﬁg}w
resistor 54, ‘WI% Pé:éﬁ?@lsq'e&?heahﬁ‘e FMRPR denefidelli diid tRe power supply

an instant t[err] the capamto ol tage 25 Uc agali n reaches the second
r ef er encel® olte shpcelestric heating eleraent §6.is iserrupted.second det ect i on si gnal

Dlerr] changes again (Fig
count CNT2 is . st artec}-}%ﬁ&ﬁé ‘H@‘Pyg}ﬁi‘?gﬁ 1%?'@(&8\3&2% g’g%& gﬁgpw
thg CﬁpaCI Itor irics f d hamingselément wlthtolr without teinperanse . wnkb]agmﬂkmdfﬁer]
and the val ue t 1rst etect on si gna rr] changes Fig. 2
(e)). The pom Bl%ﬁ%%@‘@b eagnrilfs; B H’é‘&é&ﬁ%’"‘of
a second ti Mheating appliances, radiant haters fan heaters, hair dryers, hair curlers, bread toasters,
15 sandwich toasters, electric blankets and the like.
If instead of the electric heating element 56 a cooling unit 72 is used the
~ circuit shown in Figure 7 can also be used in cold-generanng appliances such as icemakers,
food processors, refrigerators, deepfreezers, air conditioners and the like.
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i nt erval = t[err]- t[err] el ap5| ng betvveen passage of the second .
reference 9 Uref2 and the first reference vol t RGETRISEIW& (| . - The
cl ock pul se count CNT[err] is .subsequentipy stored in the RAM 30. For
the cal cul ation of the second tine interval dt2 it is further assuned that:
R err] =Claims; resi stance value of the second resistor 14, [err] =

Rlerr]*C, Rlerr] = Rerr]*Rerr]/(Rerr] +Rlerr]) and t[err] = 0. 5 The
capacitor voltage Uc then varies in accordance with a formula conparable to-
formul a (1). Uc(t[err])=Uref[err] at the instant t[err] and

Uc(t[err]) Uref[err] at the instant t[err]. Fromequation (1) it now
foll ows that: Terr] ' '
(3) 10 The resistance value Rerr] for a given value of Rerr] can now
be calculated fromthe rati o between “dt[err] and dt[err] It appears

that thelratio is equAlmeasumiigcirduitior mdasuritg the eedistaice valtle\ofcersisgs, on t he
val ues of err! and R er]. The microcontroller 26 now performs a sinple

oper at i off tounts CNT[err] and CNT[err] in order to calculate
the value R2 of the Sg i pstor 14. If the - second resistor 14 is

an NTC resistor the value thus found is conpar ed with a table in the 15 ROM
28 and is converted tdfirstsesiston (EMand @ seconderesistor Msantb@tmpumtm

tenpes at&bﬁc&fr (8)'for charging the capacitor (8), thereby forfiing a capacltor voltage (Uc),

- ' ~ discharge means (12) for dlschatgmg the capacitor (8), - .
- _ a first reference voltage sou:c_:e 20) for genelfaung a first reference |
voltage (Uref;), ¢ i
- first comparison means (18) for eompanng the eapacxmr voltage (Uc) with

10 the first reference voltage (Uref;) and for genetatmg a first detection mgnal (D;) when the
capacitor voltage (Uc) passes the first reference voltage (Uref,),

- ' time measurement means (26-30) for masunng a first time interval

which, after discharging of the capacitor (8) by the discharge means (12), terminates upon
the occurrence of the first detection signal (D,) during charging of the capacitor (8) via the

15  first resistor (6), and for measuring a second time interval which, after discharging of the
capacitor (8) by the discharge means (12), terminates upon the occurrence of the first
detection signal (D,) during charging of the capacitor (8) via at least the second resistor (14),
characterised in that the measuring circuit further comprises:
- a second reference voltage source (24) for supplying a second reference

20 voltage (Uref,) which lies between the first reference voltage (Uref,) and the capacitor
voltage immediately after discharging of the capacitor (8),
- . second companson means (22) for comparing the mpacnor voltage (Uc)
with the second reference voltage (Urefz) and for generating a second detection signal (D,)
when the capacitor voltage (Uc) passes the second reference voltage (Uref,), and in that

25 - : the first time interval and the second time interval start upon the
occurrence of the second detection signal (D,).
2. A measuring circuit as claimed in Claim 1, characterised in that the first

comparison. means (18) and the second comparison means (22) are united in a single
comparator (40), and in that the first reference voltage source (20) and the second reference

| N D




4 .
rel evant NTC resistor. If the circuit i's used in an el ectronic thernoneter
this*tenperature signal is shown on the display 32 in a suitable
manner . WO 95/27189 ' ~ As is indicated in Fig. 2 (a)pcTingésioo2os
dlscharglng process of the capacitor 8 - can be prol onged as required.
Thus, the timng of the swtching signals S[lelrr] and Slerr]- can be 20

chosen SO as to ensure at the aCJt IS no i schar rematurely
for any val u¥olage;squrce ( Eks Féﬂgf)e[’@?"r'fmﬁv %%‘&?n& P&G%e‘?'&cean
NTC resi stor vbitigerzﬁ %lv&&l%feefrsﬁ' tHE sEcdRd \tefeenbs V6hag &?Tﬁa e @ﬂiteréﬁré?nﬁe voltage
kil o-ohns at |ow tenperature to sone hundreds of ohms

t enper at ur e.” (Wrefgraften the ensuramer afsthe senond deteption sighal iBy)- of the second

resi stor 14 gow ensur r

capacitor 8 |gn t he case 01A ng ﬂ?%‘%%ﬁ'g&gé‘?@s‘ﬁgt%ﬁ]a{h%m et

in the ca§te singlel | mfment :esaohthRA mww(?.d d%;ét\:/lompnusnt e]g i n- paral | IeI |nsteg|d of
a mcrocontroller w a and .a of course, 0sSi

use separate” timers, iy é‘@#"ﬁ W&W&%ﬂw&éﬁm %

t he di schargqo,_ﬁ.mlteg{gm}:@@nd t he paral l el switch 16 and for carry| ng

out the mathematical operations. The di scharge switch 12 and the
paral | el sw tch 16 can beadifisresistordd8aandel ays with rel ay contacts or as

o "NPN L ansist o and t he MACHAg PG5 S cindcic Ioe B AR oI ity

WO 95/ 271HP resistor (42) in parallel before the. occurrence of the second detection signal (Dz) and for
PCT/ | B95/ 00204

Figure 3 sho@“mmelmms(ﬁﬂwgﬁfmm%@@r‘é‘t%%?%‘?’fé@emﬁg
source 20 angfiisessiid déled: a)%ol tage source 24 can be replaced by a

single controll able voI tage solrce 36 whose voltage is swtched via an
i'nterface ciMeuit 38 underA Deasuriog circuif as claimedyin Qlaim, L, 2rernd, oharpeteriset inythat

F'g 2 (1) S%“@c&%r&s%r%@%é@hmeﬂ%&ﬁwmf@ Sferr].

15 S. AmeasunngcxrcmtasclmmedmClalml 2,30r4, charactensedmthat
the discharge means (12) and the switching means (16; 50) are trans1stors
6. A thermal apphance characterised i in that it comprises:
- : . an electnc heanng_element (56),
- ‘ a temperature-sensitive resistor (14),

0 - means (26-30, 70, 68) for controlling the power supply to the electric
heating element (56) in response o the resistance value of the temperature-sensitive resistor
(14), and

- a measuring circuit as claimed in Claim 1, 2, 3,40r5, cither the first
‘resistor (6) or the second reustor (14) being the temperature-sensitive resistor.

25 7. A thermal appliance as claimed in Claim 6, characterised in that the
thermal appliance is an appliance of the group including: a flat-iron, coffee maker, electric
kettle, deep fryer, roaster, oook-to;i, oven, grill, hot-plate, room-heating appliance, radiant
heater, fan heater, hair dryer, hair curler, bread toaster, sandwich toaster, electric blanket.

8 An electrical thermometer, characterised in that it comprises:

0 - ' a temperature-sénsitive resistor (14), |
- a measuring circuit as claimed in-Claim 1, 2, 3, 4 or 5, either the first
resistor (6) or the second resistor (14) being the temperature-sensitive resistor (14),

- | a device (26-30) for supplying an electric signal which is representative of
the resistance value of the temperature-sensitive resistor (14), and

—————————————————

T




5 Briefly after the capacitor voltage Uc has passed the second reference
voltage Uref[err] (t[err], t[lerr]) the reference voltage is swtched
fromUe o Uef[err]. Now only one conparator 40 i eded,
whi ch has ongeléllgr%put connected to the node 10 and anot her lj%r{put 0tol(i)tﬁth '
controll able vol tage source 36. 12 I'h the
measuring circuit shown in Figure 1 the second resistor 14 is 10 arranged
in paraklel with theafindicator deviee: 32) Srdodicatingtaismperature ingesponserterthe  The
first F&ﬁc 6 is permanently connected to the capacitor 8. However,
alternative %e capacitor. 8 can be - ° charged exclusively via the -
second 9eS|stor 14 dwr cold-generatimpcappliamees sharactenised if Itieat fit ¢comiprises: resistor 6
is then disconnected dur< ?ut."lfnéecond measurenent. The parallel switch 16

3

then ~ becores a & V' wi tch, which connects the first resistor 6
to tlge capacitor 8 durﬁ,ﬁ%mgn%&&;ma rement and which connects the
'second resistor 14 to the capacitaor durin the second measurenent.
Thi's configuration agm , g9, 6 &)efompmolgngm@ecoe ling YoM in cespensante ¢he: o

be calc ' Eﬁﬁé#&-fr@ ch a change-over swtch
instead%osﬁ@geen'&ﬁm par a Wﬁ%&h}(géba@; used in the foll ow ng
and exarnpl es. . a measuring cxrcmtascla:ﬁegtmelénshcﬂysii & ordseithen thecfirst ui t

\(/:\Qinfroras. fb“ee@bsj | ifi @(rj e.ven(‘a furt | n theFBr .esent ., caaﬁ t he

consforugped with a tméddfgeﬁérﬁﬁr%'aﬂnﬁaﬁ&td&ﬁ%mbb% oA 9, hafidbbisad froihili nal 4
and a node 44, a fourth resi stor 46 between the node 44 and the

posi t.i véhesappliance:is aniappliange of the growp including; jagesmaker, foad PrESSSAL one end.
connect?&n%weg&@ﬁgfﬁ # &?{aend bei ng connectible to the positive ‘
supply terf na Y he 'negati ve supply terminal 4 under control of the
third switching 25 signal S[err] viaa change-over switch 4. The inpyts of
t he conparator 40 are connected to the . = nodes 10 and 44. The-
conparatively |ow reference voltage Uef2 is obtained by arrangi ng the
fifth resistor 48 in parallel with-the third resistor 42. The conparatively
hi gh reference voltage Uref[err] is obt ai ned by arrangi ng the flfth
resistor 48 in parallel with the fourth resistor. 46. 30

Figure 5 shows the neasuring circuit .used in a thermal appliance, for
exanple a flat-iron. The electronic parts are nounted on a printed circuit
board 52. The second resistor 14 is an NIC resistor in thernmal '
contact with the soleplate 54, which is - heated by an electric heatlng
el enent 56. The second resistor 14 is connected to a ternlnal

* c L L} S *
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58 and a ternminal 60, and the electric heating el ement 56 is connected to a
WD 95/ 27189

term'nal 62 and a
PCT/ ) B95/ 00204

| | _ 9

termnal 64 ofYOMRE27%% nted circuit board 52. Figure 6 is a seciGHIREI00394c\y
Figure 7:shows the circuit diagramof the printed
sol epl ate 54 can be set by

of the iron and

circuit board 52. The tenperature of the

means of selector switches 66 connected to1Z§£ut ports of the

m crocontrol l er 26. The electric heating e
off by neans of 5 a relay 68, which is energised by the microcontroller 26
measured tenperature of the soleplate
54 is conpared with the tenperature set by nmeans of
If the tenperature is too lowthe relay 68 is energised, as a
which the electric heating element 56 is powered fromthe
c desired tenperature is
to the electric
The circuit
appl i ances

via a control transistor

swi t ches 66.
result of

70. The

npg unit 72 i s eeed - the

=4 . .
c®d- pemer ating ag§§§ances

deepfre

a.c. mains and heats the .sol 54, xﬁen_Ln
reached the relay is de-ener and the po upply 10
heating el ement 56 is integr da . N t:f:] L~
shown in Figure 7 is al so 8y NToT | usérT, g:E:L tRer mal
having a heating el enent, w i t hput [k enmp e control,
cof f ee makers, electric es, |feep fryersT™tToasters,
ovens, grills, hot-plates, room neaf) ng appl i-ances,
fan heaters, hair dryers, hair curlerg} bfead toasters, .15
toasters, electric bl ankets gse e |ifke. '
instead of the electric hegt llered] 5¢| a §oaki
circuit shown in Figure 7 esd be |psed} i n
such as icemakers, f oodlprocdssonk, fefr rs,
conditioners and the |iKke.
| e
| T
| =1
o~ o
[— =
= o
2
p—J
S —( i
=
J v

nt 56 is turned on and tu

t he sel ector,

such as
cook-t ops,

radi ant - heaters,

sandwi ch
| f

L.

-T_‘tLQ f tf:: — ———oi:~—l
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d ai 1vs: W0 9527189
resistance value o

a capacitor (8),

resi stor which can be coupled tothe 5 capacitor
capacitor (8), thereby form ng a capaci torz llﬁl tage (Uc),
di scharge means (12) for discharging the capacitor (8),
a first
vol t age (Uref[err])
for conparing the capacitor tsltage (Uc)
voltage (Uref[err]) and forfggneratlng g£ﬁi
when t he ge (Uc) pass

resistor,
a first

. the fi
rs tee;-%)
t e ™NFirdt

capacitor vo

ref erence voltage source (20) for generating a first

10

A nmeasuri. ng circuit for gmEagbideass t he
which circuit conprises:

resistor (6) and a second
(8) for charging the

r ef erence

first conparlson means (18)

reference

SR
ki

(Uef[err]), tL@ rreé.@renmr@ls(.@ -
measuring a first tine inte aI r difschdrgrn N
capacitor (8) by the dischaLéE'neans (1£¥r teiﬁseatéé-uLU Li
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the occurrence of the first detection signal (Dl err]) during charging of

t he cdpacitor (8) via the 15 first resistor (6), and for neasuring a
seeond tine i Ry§by#hgorhi ch, after discharging of the capasdn@bs/do304 by
the di scharge rreans (12), terrri nat es upon the occurrence of the first
detection signal (Dl err]) during charging of the capacitor (8) via at |east
the second resistor (14), . characteri s§(;5 n that the nmeasuring circuit
further conprises: - second reference voltage
source (24) for SXPP 0 voltage (Uref2) which lies
between the first2refer |tage (Ureflerr]) and the capacitor

vol tage i mredi atel y A schargl ng of the capacitpr (8), 28

second conpari son P2) for conparing the cappettos
with the second refg ghvol tage (Uref2) and for jener at i

t he

detection signal (NTC) when the capacitor yol tage

second reference vol Uef[err]), and in that p5 -

the first tinme interjal _ahd the second ti i ntervl start upon t he
occurrence of the_selcond detection si IL( ernr])

A measuring circtldT s claimed 1n O af m X\chdi’dct b IJP n that the first
conpari son neans (18) and the second go I son nep ?22) are united in a
single conpar at - the first]{refererkce voltage source
(20) and the second WO 95/ 27189

PCT/ 1 B95/ 00204 ' 1L

(24) are united i , $qur fe (36)

voltage is switchab ef ere [t age ( d
first-reference vol tlge r-the Shlignce Ofl

detection signal (Derr]){ - : : An%i’suring cirmuit'as
clained in daim1l or 2, cterised in that the ' . _ R ¢

FIG.3
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L0

01,02

M~ QO

T FIG4
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5. single reference voltage source (36) conprises:
a voltage divider with a series arrangenent of a third resistor (42) and a

faurth reS|st a fifth resisto ﬂﬁﬁy
%@gﬁs’f or- connecting the fifth resistor (48) a%g(r

swi t chi ng nea
resistor (42) in parallel before the occurrence of the second detectlon

10
signal (Dlerr]) and for connecting the fifth resistor (48) and the

currence

of the second

fourth resistor (46)
detection signal (Dlerr]).
claimed in daiml, 2 or 3,

in parallel

after thel,[)ﬁ
4

characterised in that

he second resis

A neasuring circuit as

or

(14) is a tenperature-dependent resistor (NTC). 15 %~
measuring circuit as claimed in laiml, 2, 3 or 4, cha

A
acterised in th&t

t he di scharge neans (12) and the sw tching neans (16; 5*) are transistogs.
6. A thermal appliance, characterised i t§dt 58t BBombhi $es:
an electric heating elenent (56), a Aha
tenperature-sensitive resistor (14), 20 - £m< Lxad 30,
70, 68) for controlling the power supply to the electric nedt i ng

el ement (56) in response to the resistance value of the

t enperat ure-sensitive resist (14), ana _ a
measuring circuit as claiAfd in Claim1l, 2, 3, |4 or 5 eithef theg first
resistor (6) or the ond STstor— AT berg efsgnsitive
resistor. 25 7. pl-l-a-n-c-e—as—e-l-a-l—iLrEd in faim
6, characterisedAn that {t/he rrarapprrjance 15 an applrance of the
group including\a flat-{non, co maker, el gctric kettle, deep .
fryer, roaster, cdQk-top,\Qven, gr|II]Lhot plate, room heati ng appli apce,
radi ant heat er an hsgtet——hatrr—dryer—harj—culor . bragad—t-oaster,
sandw ch toaster, i anket - £8. o An el ectrical
thernometer, characteriy hat .it c;nprises: 30 - , - a
tenperat ure- sensitive resistor (14); 7 "a measuring
circuit as clainmed in Claimi1, 2, 3, 4bbr 5, either the first resistor

(6) or the second resistor
(14),
si gnal

(14) being the tenperature-se

FigS ™ =

a device (
which is representative of

nsitive resistor
Iylng an electric




'the resistance val ue of the terrperature sensitive resistor (14), and
WO 957 27189 '
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a indi'cator device (32) for Ji'ndicating a tenperature in response to the
electric signal. 9. A col d-generating appliance,
characterised in that it corrpri ses: a cooling unit
(72), 5 ' a tenperaturé/sSns’i tive resi'stor (14),

means (26-30,. 70, 68) for controlling the cooling&unit in response to the
resi stance val ue of the tenperature-sensitive rgss (14), and

a neasuring circuit as clainmed in aiml, 2, , either the first
resistor (6) or the second resi §t or (14) bein ersature-sensitive
resistor (14). 10 10. ' - A col dygener at i iyg %appl i ance as
claimed in Claim9, %h?racterl se¢d i et hat t h&applignce is an

appl i ance of the groupli ncl udi ng: -a-n-l-t-eﬂnaker f rocgssor,

) i -
refrigerator, deepfr ﬁzer !a“lr o1d oper.
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