MEASURI NG APPARATUS This invention relates to neasuring apparatus and

conventional electronic thernmoneter uses a thernosensitive el enent and
reference resistor. In order to adjust the accuracy 5 of tenperature
measurenent, a variable resistor is connecjed in series with the reference
resistor to adjust for the deviation of the resistance ratio of the
thernosensitive el enent and the reference resistor froma predeterm ned
val ue. -Thi s conventional el ectroniMedshRIN® EBbRRTIS®S t he foll owi ng

dr awkgtks: 10 1. It takes a Tong trnme to conplete adj ust nent of the

r.esi stance rati o; golute val ue ad ustnent is_diffi t to achieve
with a high degree%o’} APocT Brantergtes t@ecﬁﬁssélosf B %racttl)’?t PR S \’fg?flé'bl e

resistor itsel &Jxx@ teﬂ@ﬁﬁ‘i%i} Oﬂéleﬁ%@;@%eﬁkﬁéﬁrgequ' red during
t

manuf acture, the cost of e conventional elecfronic thernmoneter is
relatively high. AgCeSrteR€idna108RcRA6HicC thé¥noasRlChsdY al PRerRbs&fitive
invention, there is provided a measuring apparatus conprising nmeans for
produci ng 20 peleneat aindaarfiferefieeBéLititod POInt beratdl @dgbsta the adcrtk&dy St i C
alternately of a first elenent and of a second el enent, means for counti-ng
t he nunber o3 ¢filtegperatupe gbacerkmenta s vaoiable esdstomdstiramneperdatinon of

t he pul se produ0| ng nmeans so as to produce a pre- determ ned nunber of

pul ses at the Pefiesdeifdnthmrefiptance eesigter totadiust Horchke deveatisnic of the

first elenment, peans tqQ vary said
of the resistance ratio of the thermosensitive element and the

s reference resistor from a predetermined value. This c&nventional
electronic thermometer has the following drawbacks:
10 1. "It takes a long time to complete adjustment of the .
resistance ratio;
2. gbsolute value adjustment is difficult to achieve with
a high degree of precision;
3. .Because of the cost of the variable resistor itself
15 and the additional adjustment steps required during manufacture,
the cost of the cénventional electronic thermometer is relatively
high.
According to one particular aspect of the present invention,
there is provided a measuring apparatus comprising means for producing
20 pulseé at a faﬁe dependent upon the value of a characteristic
alternately of a first element and of a second element, means
for counting the number of pulses so produced, means for controlling
the operation of the pulse producing means so as to produce a pre-
determined number of pulses at the rate dependent upon the value

25 of the characteristic of the first element, means to vary said

PR

particul arly, though not exclusively, to electronic thernoneters. A @x



predeterm ned nunber of pulses, said varying nmeans including neans to

L1 additional counts into the pul se counting neans prior to first
el ement characteristic val ue neasurenent, mnmeans for neasuring and storing
the tine taken to produce that predeterm ned 5 nunber of pul ses, neans
- for controlling the operation of the pul se producing neans to produce
pul ses at the rate dependent upon tBe val ue of the characteristic of the
"second el enent during the time so stored, and neans for converting the
nunber of pul ses so produced during that time into a digital value to be
di spl ayed. 10 In the preferred enbodi ment of neasuring apparatus i
the for nppddetanfineat maiee $MNQUIBSE! 6hid Vakfink heinsantk1nacRNGeahenent s ar é¥a
reference resistor and a thernosensitive el enent respectively. Said pul se
‘produci ngo rentes a@Aytirmad coRitst e the qalencpusdmgenéars priax doubl e
i ntegration converter. 15 - - Said counter neans may .be a resettable 1/2
- di vider terfigst edement shbracterbstisf val\@e@ewemerw peanst fel e 1/ 2 divi der -
for low bits and a resettable 1/2 divider for h bits. Said converting
means rra'}'eﬁblﬁé?%tanéf“&rli-aﬂéhe tipe (faken é‘-°r%’é’t9“6?ll weprsdgtemmined a decoder,

a driver circuit and a dis devi ce.. The counts.resulting fromthe
first a.nﬂ“"ébéﬁo?ﬁj Pé‘l"%‘??ﬂnf’ea‘?ﬁaﬁéﬁr%?lshgﬁe Bﬁ?ﬁff%zﬂf f'lbe the ratio of the

resi.st anc t her npsensitiyve el a t refe nge resi stor.
Wen t hePESnP roréégi g ronProdice. te%%ta%a% Sadeht is to25 be
altered 0 0kHe vahle r&a&é ea.abé&éﬁgty@kf euédgé&weé_&emg;t t€1ing

the time so stored, and means for cdnver%ing the number of pulses o g;)

so produced during that time into a digital_value to be displayed.
;0 ©  In the preferred embodiment of measuring apparatus in.the
form of an electronic thérmometer, said first and second elements
are a réfereﬁce resistor and a thexmésensitiye_element respeqtively.
Said'pulse producing means may be a resistance-frequency
converter or a double integration cbnverter.
15 Said Eounter meahs may be a resettable 1/2 divider circuit
or a cqmbination of a set-priority resettable 1/2 divider for
low bits and a resettable 1/2 divider for high bits.
Said CQh§erting means may consist of a latch circuit, a
read-only-memory and/qr.a decoder, a dfiver circuit and a disp;ay_
20 deviqe. |
The'counts.resulting from thé”first.and seéond element
' measurements are prbprotional to the rétio of the resistancgs
of the thermosensitive element.;nd the reference resist@;:',When._
tﬁe count resulting from the second element measurement is ﬁq

25 be altered in order to realise absolute value adjustment of the



el ectronic thernonmeter, the deviation of the ratio of the resistance of the, ..
thernosensitive el enent to the resistance of the reference resister is A\~
adjusted by altering the count resulting fromthe first el enent d:s
measur emrent. Accordi ngly, absol ute val ue adjustnment 5 of an electronic
thernoneter is achieved by providing an initial logic adjustnent circuit

for detecting the count resulting fromth& first el enent neasurement. The
invention is illustrated, nerely by way of exanple, in the acconpanying

drawi ngs, in which:- 10 Figure 1 is a block diagramof a first
embodiment of g elecld QRL&hELTOUR! S BEEQLILAYLLO LS BE GRENL ;DY ent on:
Figure 2 is a circuit diagramof ’a resis ance-?requency 1 -4="converter

tircuit of the,elget {ANLEsLARE IUTRA Eledtf +E1 N Sodist EAUIES thel SoflGhLLU!!
a di vi der

. diagramof a part of an rniti ogi c adjustnment circuit an

network of an gl8ctronisC8RERNRL 8itdinki €HE Bodnt Pesulting frEhOiHee 4 is a
timng chart illustrating the operation of the electronic thernoneter of

Figures 1 to 3fifstQuIcnentiseadutencntlt micagimglef absaDitiel vaniel adjwhnéte
initial logic adjustnent circuit of Figure 3; Figure 6 is a circuit diagram
of a second enbbcinneldctgbni thermometer is achieved by providing an initial

logic aijustmenf circuit for detecting the count resulting from

the first element measurement.

The invention is illustrated, merely by way of example,

in the accompényipg drawings, in which:-

10 Figure 1 is a block diagram of a first embodiment of an

electronic thermometer according to the present invention;

Figure 2 is a circuit diagram of a résistahce-frequency

i5



A~.el ectroni c thernmoneter according to the present invention; and Figure 7
' imng chart illustrating the operation of the electronic thernoneter
of Fi'gure 6. Throughout the drawi ngs |ike parts have been designated by the
sane reference nunerals. 15 Figure-1is a block diagramof a first
enbodi nent of an electronic thernoneter according to the present invention..
The principle of tenperature neasurenenat used by this electronic therm
oneter -is as follows. First, a digital count corresponding to tenperature
to be measured is calculated fromchargi ng and di schargi ng 20 operations of
a ref er encenveeséersicdraitant] theceappaenicothekmemekeaf ofy Rigererisensi ti ve el enent
3 and the capacitor 4. The digital count is then | atched by a latch circum™
11 and is conveFiawiehis a dirghitafisgeperfimupartyaf (an Byitiadomairting tabl e
in a read-only-menory (here- inafter referred to as "ROM') 12 to be

“di spl ayeda@ipsiments GLEGRLEQMG Ghvidsr pefwork of an elegtranie YhexpepateX gnal s
gener at edﬁ%rﬁm an oscillator circuit 19 divided by a main counter 18 and
fed to a RRiTH¥EhiFol ler 17 which produces control signals [err] at its

out put 5 The Confnfg%rt%,g#igmé hble q&f?%gsg%g gﬂea'ogleL&i[?sgﬁtg%uve MOS

transi Stors Trl, r3 for fecting enent1 one rgrng and

di s- char giiqrOR&Y éﬁé%ﬁet&hgftfi%ﬁésﬁio{é 3frl, Tr2 are P-channel
transistors and the transistor Tr3 is an N-channel transistor.- 5

The periods of #hprélmngi aGizedivlasefantenNe aeREM4tABs Of thbadieiar ence
resistor 2 and the capacitor 4 and of the thernosensitive elenment 3 and the
capaci torldgi&redjistﬁr&dcﬂﬁ:ﬁha@ﬂimadaPhase I, |
Figure 6 is a circmit diagram of a_secona_embodiment of an o/
10 electronic tﬁermomgter ;ccording to ;he presgn; invention; and
| Figure 7 is a timing chart illustrating.the operation of the
electronic thermqﬁeter_of Figure 6.
| Throughout the drawings like parts have been designated by the
same reference numeréls. |
15 Figure 1 is a block diagram of a first embodiment of an
‘ electronic therﬁomgter according to the present invention. The
principle 6f teﬁperature measurement used by this electronié therm—
ometer is.as follows. First, a digital count corresponding to
temperature to be measured is calculated from charging and discharging
20 operations of a reference resistor 2 and the capacitor 4 and'of-a
thermosensitive element 3 and the capacitor 4. The digitai count is
then latched by a latch circuit 11 and is converted into a'digital
temperature Galue by a conﬁerting table in a read—onlf—nem;ry (here-
inafter referred.to as "ROM") 12 to bé displayed by a display_porﬁion 15.
25 In Eigﬁreli clock signals geﬁerated from an oscillator circuit

19 divided by a main counter 18 and fed to a main controller 17 which

produces control signals ¢1, ¢2, 93 at its output. The control



respectirvely and these will be explained wwth reference to Figure 2. In
Phase |, the control signals [err] are high level (level H) 10 and t he @-
starting level at a point Bis level Hand the control signal [err] is lo '
| evel  (level L). Since the transistors Trl, Tr2 are P- channel transistors
.and the transistor Tr3 is an .N-channel transistor, the transistor Trl turns
ON. -If the capacitance of the capacitor 445 C and the resistance of the
reference resistor 2 is Rl, the 15 capacitor is charged with a tine

constant C. Ri. A'Lj{gﬂétfsf ginq{r},i &y%&ésﬂaggte%%&nﬁﬂé!toff%\y%?tis}fes?{:]é;‘w&nmg&st he

| eve| ;of the signa | A excee 0gi C Inverter i.e.

1/2 VDD and the igperé2d $i0%8t irettiigOthePdtortnebdi@ntd \BhSingdand aagai N
I nverted by a NAND gate 6 and applied to the gate 20 of the transistor

Tr3, which i mredidiaebing tpératibhs. Crms egardiibtors the, stPnak Pichhhge1poi nt A
I's shorted to VSS through the transistor Tr3. The waveforns of the signals
at points A and Bransfi¥tase dndatie Shawaistor Pr3uiscan N-Chareeltthainspétase | has
a period Tl the relation between the period T1 and a count Nl of the pul ses
of the signal 5at 25 Th6i prRripds Piokhe ehargingyandTdischargingraperatigns Qf [the, | |
(1) -6- In Phase Il, the control signal [err] is level L and the control
signals [err] ar &FafeRAcerefigtone apd the prpeitor ét"‘t‘/‘%ﬁéf 58e rithepresensikize H
and only the transgistor .Tr2 i s ON.__Accordin I% A f e resiftagc of t.he
her mostnsi i ve GRERERT 35e 33p CoratERCE At desehee H¥ WBR . 480 VPR Hrtime
C_OnSt ant C. Rs. _ respectively and these will be explained with reference to Figure 2.
\,\, _ In Phase I, the control signals ¢2, ¢3 are high level (level H)
10 . and the starting level at a point B is level H and the control signal
91 is low level (level L). Since the trahsistors Trl, Tr2 are P-
channel transistors and the transistor Tr3 is an N-channel transistor,
the transistor Trl turns ON. If the capacitance of the capacitor
4 is C and the resistance of the reference resistor 2 is R1, the
. 15 capacitor is charged with a time constant C.Rl.

An inverter 5 inverts the signal fed to its input when the
level of the signal at point A exceeds the logic level of the
inverter i.e. 1/2 VDD and the inverted signal at the output of the
inverter 5 is again inverted by a NAND gate 6 and applied to the gate

20 of the transistbt Tr3, which immediately turns ON. Consequently,
the signal at the point _A' is shorted to VSS through the transistor
Tr3. The waveforms of the signals at points A and B in Phase I are
shown in Figqure 4. Given that phaée I has a period T1, the relation
between the period T1 and a count N1 of the pulses of the signal at

25 point B is expressed by:

TL = (C xRl x 1In2) x N1 ... (1)



In the same way as descri bed above, when the | evel of the signal at point A
ches the logic level of the inverter 5, i.e. 1/2 VDD the transistor Tr3
ns ON and the signal at the point Ais shorted to VSS. The waveforns of

the signals at points 10 A B are also shown in Figure 4. Gven that Phase
~has a period T2, .the relation betwgen the period T2 and the count N2 of

the pul ses: of the si gnal -at point B is expressed by: T2 = (C x Rs x 1n2) x

N2 ..... “(2) 15 The period Tl starts at the rise of a control signal

[err] froma divider stage.of the main counter 18. Then, the control signal

[err] from'the MEnnPltset ID) [the oatfal sdgmmldé? hie tewdlr blamgi thal [err] rises;

At this time, the charging.-.and di scharging operations of the reference

resistor 2 amentied sitgrads (4 43 20e leveAn®aodsthe| stamdpopiesel @tthe fall of a

signal C(FROM THE: MAIN CONTROLLER 17° TO NOR GATE 7), a pulse of the signal

at- the point theiEeiapR He1avelaE @ndi iy the RENeistomErA ¥8 88k signal . The
2 and the

chargi ng and _di scharg' g o%ﬁratlons of %he ref erence resistor
. capacitor 4 éﬁ?ﬁ‘i"r’rt}% ‘a § eﬁeﬁiﬁéa't‘i?uﬂ 4hA ’flf?é'mﬁ?‘?ﬂsd'é’rvenﬁt%flﬁ 10
coi nci des Wkt J_% gtp&éj}_f,_ %]4 ?g J&JL§ ? Phgg L8 (an tiple input
NAND gate 16 put’s a signa n res onse to P of"“the signal G
-7- the contggly }%' e w fr.-tg atgaaseersﬁowewﬁemwlle% rtaf' tteersrit,mt alls and
consequent | Y, t he si gna r:ses, thUS ter m natl ng ase this tl ne,
the main Conﬁtcﬁdiﬂt A reaches the logic level of the inverter S, i.e. .
1/2 VDD the transistor Tr3 turns ON and the signal at the point
A is 'shorted tc vss'. ' The wavefcrms of the s:.gnals at pomts
10 . A,B. are also shown in Fignre 4
Given that Phase Ix has a period T2, the ‘relation between
. the period T2 and the count ‘N2 of the pulses of the s:.gnal
at po:.nt B is expressed by. |
T2 = (Cx Rs x -1n2) XN2 cioe. (2)
15 The period T1 starts at the rise of a control sighal"¢4_
from a divider stage of' the ntain counter 18. Then, the control
signal ¢1 frox_n'the main controller i7 falls and the'cohtrol
signal $3 rises. At this time, the charging and discharging \)
operations of the reference res:Lstor 2 and the capac:.tor 4

: _ (FRcm THE MAIw <conTROLLER 17 To NOR GATE 7)
20 commences. In response to the fall of a signal C[\ a pulse

of the s:.gnal at the po:.nt B is applied to a divider network
As A

10 e&-%he clock s:.gnal. 'rhe -charging and discharging operations
of the reference res:Lstor 2 and the capacitor 4 continues and
| when the count in the div:L_der network 10 coincides with the .
25 count N1 of the pulses in Phase I a 'xtmltiple input NAND gate

16 outputs a signal G. 1In response to the output of the signal G



17.stores the length of the period T1 using the divided output 5 of the
mai - counter 18. During the period Tl in Phase |, a signal His level H- _=
The period T2 starts with the fall of the control signal [err]. Then the
control signal [err] falls and the control signal [err].rises when chargirg
and di.scharging operations of the thernb- 107- sensitive elenent 3 and the
capacitor 4 commences. |In response to the fall of the signal C, a pul se of
the signal at point Bis applied to the divider network 10 as a cl ock

signal. As the charging and di schargi ng operations of the thernosensitive
el engnt 3 and the cthacPrtroldstanali dlugsses had thiencaotuol edigifl §35 falls

continues to count up. At this tine, by the main controllergdsg, a divided
out put DATA of a | e®?fl Wﬁiﬁ%’é?ﬁdndﬁfgd?%ﬂeﬁﬁ'ﬂfeﬂﬁéimah\ﬁim
stored therein in Phase I, is conpared_with the counted DATA by the main
counter 18. In respBW?etFﬂnlé‘BF’rftqngﬁ??@eIof At g Hingadthsutpin cPRERIASH t he

count ed DATA, 20 . ontrol. signhals.[err]. fromthe npin controller 17
rise and fall respe%:-% !L\%g%/s t&?ﬁ €8 se(ﬁ’aeﬂ{el V?Jﬁ%eT{sT}uﬁh’é? r{ge (F¥dded PRt
termnating the perypndZnaift cddtes AR tﬂ,'%g“ i_ e count
N2, the main cgsntrol l er 17 out p_utg a latc Sgl gggge%ggdngqt%gtpg%ﬁ\?'l\fz S

| at ched by the |.atcéidgnaliChliils dekre12B. As expl ai ned above, the main
controller 17 operates so as to nake the length of the periods Tl and T2

equal . Accordingly, THe pefidl TRNtatils wathl the) £dMYoH A ne XneESEEigsa1
¢4. Then the control signal ¢2 falls and the control signal ¢3
A rises' when <charging and discharging operations of the thermo-
10 sensitiﬁe element 3 and the capacitor 4 commences. In response
to the fall of the signal C, a pulse of the signal at point
B is applied to the di@ider-network 10 as a ciock signal. As
the charging and discharging operations of the thermosensitive
element 3 and the capacitor 4 continues, the Qain counter 18
15 continues to éount up. At this time, by the main controller
. 17, a divided output DATA of a length corresponding to the
period T1 which has been stored thérein in Phase I, is compared
with the counted DATA by the main coupter 18. In response
to coincidence of the di@ided output DATA and the counted DATA,
20 the control signals ¢2, ¢3 from the main controller 17 rise
and fall respecti&ely and consequently, the signal C rises,
thus terminating the period T2. At the same timé, in oxder
to latch the count N2, the ﬁain controller 17 outputs a latch
signal'¥-and the count N2 is latched by the latch circuit 11.
25 As explained abové, the ﬁain'controller 17 operates so

as to make the length of the periods TiI and T2 equal. Accordingly,



(Cx R x 1n2) x Nl = (Cx Rs x 1n2) x N2 .... (3) N2 =(RI/Rs)x NL ...

(A~ Thus, counts N1, N2 are proportional to one another. 5 If a
#Zrm stor is used as the thernosensitive elenent, iits resistance Rs at
.tenperature T C) is given by: R = ROEXP B (I/T - I/TO .... (5) where,

.. Bis a constant of the thermstor; ¥ is a reference tenperature and ROis

the resistance of the thernistor at-the 10 reference tenperature TO
Substituting equation (5) in equation (4) gives:: N2 = RL/{ROEXP B (I/T -
/TG x N1 .... (6) Thus, the count N2 over the tenperature T.is

cal cul at ed. <HMatiansnflNand s(2) rmars ke 192@Ee359% A%: ROV 12 . by the latch 15 &
circuit 11 and converted.to a digital tenperature value in celsius [err]
(or in Fahrenheif€ E‘e’r“r]" B2 C%Vet“él’bﬁst’éﬂf‘g H¥éed-onfRquation (6). The
opposite case to 4% crj,bed aggve is also possible, that is the _
charging and dis i%ﬁ SfﬁﬁgratTO of the therno- 20 sensitive elenent 3

and the capacit Q. éf’a‘f%u%é qur rﬁeakge@gggﬁiknagrlg gﬁa thet he charging -

and di schargi ng ope 1ons of ence reS|s capacitor 4

is perfogned. Ther ah@lednboorngs disss hay Ghé‘&h@ﬁﬁ{s@héﬁl$e@1ekbﬁ reference
‘resistor and the capacitor is expressed by the count N2 and- converted 25

to a digitaliteerqastintecry altUtempeFhisrei 8 Besatis givaiBy: NI, N2 are
proportlonal _
. Rs = RO EXP B (1/1 -.IITO) eees. (5)
where, B is a consﬁant of_tﬁe'thermistor, TO 'is a reference
;emperature'and RO is the resistance of the thermistor at the
10 reference temperature'To;.
Substituting equation (5) in eguation (4) gives: .
N2 = m-/&b' EXP B.(1/T .- 1/T0} x Nl :... (6)
Thus, the ceunt_NQ o§e: the temperature T is:calculated;
The_count N2 is fraesmitted to the ROM 12 by the latch
'is -circuit 11 and converted to a digital temperature value -in
- €ELstus °
eeq?égiaée {C) (or in Fahrenheit ( F) by a conversion table)
based on equation (6).
‘The opposite case to that described above is also poSsible,
that is the charging and discharging operations of the thermo-
20 - sensitive element 3_an6 the capacitor 4 is'performed in-Phase-
I, and in Phase 11, the'charging.and discharging operations
- of the reference resistor 2 and the capacitor 4 is perfoemed.
- The cherging end_discharging-operetions of the referznce resistor
" .and the capacitor is ekpressed by the count N2 and converted
25 to a digital temperattre value;= This is because count N1, N2

.- are proportional.



-9- Absol ute value adjustnent will now be explained. In order to adjust the
absol ute value of the resistance, it is necessary to change the count N2 &,
the signal at point B (i.e. the count derived fromthe charging and " .'
di schargi ng operations 5 of the thernosensitive elenent 3 and the

capacitor 4) to a predeterm ned count. It-Ps necessary to correct the

devi ation of the count N2 because of the deviation of the resistance ratio
of the reference resistor 2 and the thernpsensitive elenent 3 froma
predeterm ned resistance ratio due to the 10 devi ation_of the reference
resistor 2 and the t hedbealtsi valye adjerernt{vigh preletePAried  r &5 g’f%ﬁ’lce
val ues G ven that the deviation of the real _resistance ratjo_ fromt

predet erm ned resi stafddvFtathe ﬁb§°k‘tee&%f'd’tel I R AR é§s'}§5e?asa‘ryN2
=(R1l/ Rs N1 K th t N1. bl e, h

|§1d| cat )e)o(l by )|§|I| an8°tf'§5‘a¥?‘éﬁf<|§ﬁ§ ‘ﬁf%trm ?% t%é’(’:‘gqtrjatf’%"rf1 ?é) egotrtrl\gsjl ohis
No=( R1J RS) x(NLL K) XK MR LRI N eargshepa WidSnal 16BN 8 ich Of K

fromthe predeterm Red Tesistance 1o is corrected when N1 = N1l and

consequent |y the, abgplieCrihbigerad it amtentss 68 theceapabiesy dyngl ¥, in
this enbodiment the count N1 is varied by providing an initial |ogic

adj ustment circuit Predeterhid@dCooasli LiSEEN neédszaiy tB torrdesitgmedevdatidmat
N11 25 is the difference between the output of the NAND gate 16 and
predeterm ned initiaf dBaTéowmet NDbetduesel of tthe| ddvdgtiznaof (Fhemesistance
| ratio of the reference resistor 2 and the thermosensitive
.\”j element 3 from a predetermined resistance ratio due to the
10 deviation of the reference resistor 2 and the thermosensitive
element from predeterﬁinéd resistance Qalues. Given that
the deﬁiation of the real resistance ratio from the predetermined
resistance ratio is K,.equati§n (4) may be expressed as:
‘N2 =(R1/Rs}x N1 x K .... (7)
.15 .By making the count N1 variable, which is indicated by
| N} and by making Nl| = N1/K, the equation (7) bécomes:
2= R/Re s Wl—aksk N2=(RI/RS)x (011 /K)x K
N2 =(R1/Rs)x Nii cee. (B).
Thus, the deviation of K from the predetermined resistance
20 ratio is corrected when NI = N{| and consequently the absolute
§a1ue adjustment is achieQed. Accordingly, in this embodiment
the count N1 is varied by pro%iding an initial iqgic adjustment
circuit 9..
The logic adjustment circuit 9 is designed so that N|I

25 is the difference between the output of the NAND gate 16 and

predetermined initial DATA set of the initial logic adjustment



circuit 9 and Nil is varied. Gven that the output G of the NAND gate 16

.i 9%¢ and the predeterm ned value of the initial DATA set is M) N11 is -
=éssed by: N11 = M- MO.... (90 5 In this enbodinent, Mis fixed and
. I's varied so that Nl is variabl e.. A nmethod for varying MOw Il be
described with reference to Figure 3.. A& exanple, if MDis to be 1 (i.e
MO = 1), a substrate pattern |line between input DOof a |logic adjustnent 10
DATA input terminal D (hereinafter referred to as term nal D') and a VSS
line 33 is cut, so that_the termpal D:i's pulled & 1/2 bit f lip-flop

circuit 20, THERH B f‘%ﬁ”bljrscﬁi’flefﬁ %‘t"ﬁﬁt?‘aﬁ m'rfé’&lf“r *€i gnal J and, "}
vmthresponsetot n n e si 24 turns ON to s
the 0 15 2 "“S’Bt {}:t % %g ?%Pff@r*ﬁ&ﬂ%%i g%&'?v’r‘&éff tage 28.
Thus, MOis 0 | e, ifI\/DlstobeS(I\/D=.5),
not onI y the pa ternggl né g@tv\geén’&t 3§é|€11p i DO of the termnal D and
the-VSS line 33 igycutyhujoal sQ g@e pattern line between input 20 D2 of”

- the ternminal D and the VSS 1ine 33 is cut. Accordi ngly, the [err] output
of a set %/2 i ¢thilelenBbdigRnS) MASs \ilxka At ME 18 vaibdWo Bhat R resettabl e
1/ 2 divider stage 28 are set. and NO becones 5. 'If any pattern |line between

‘the term nal i3 smagidhe.VSS 25 I|_ne 33-is not cut, the output of the

corresponding 1/2 resettable
A method for varying MO will be described with reference

to Figure 3. For exampl_e-. if MO is to be 1 (i.e. MO = 1),
a sﬁbstrate pattern line between input DO of a logic adjustment u
10 DATA input terminal D (hereinafter referred to as "terminal D")
and a VSS line 33 is cut, so that the terminal D is pulled
up by a 1/2 bit 'flip—flop circuit 20. The flip-flop circuit
20 outputs a DATA read-in signal J-and, with response to the
timing of the._ signal J, a NAND gate 24 turns ON to set the
15 20-'oul:put of a set—priority resettable--llé divider 'stage 28.
Thus, MO is made to be 1.
In another example, if Mo is to.be. 5 (MO = 5), not only
the pa;:tern line between the input DO of the terminal D and
~ the-VSS line 33 is cut but also .ti:e pattern line between input
20 D2 of the terminal D and the VSS line 33 is cut. Accordingly,
the 22 output of a set 1/2 divider stage 30 as well as the
-20 output of the resetf‘able 1_/2 divider stage 28 are sét; and
MO becomes 5.
. If any pattern line 'betweens-. the terminal D and the VSS
25 line 3.‘;} is not cut, the output of the r:ca':v:re.spbndingé 1/2 resettabie

divider stage is not set.



di vider stage is not set. Addi tionally, when P-channel transistors Tr4
to Tr7.are ON all the time.,. curcent always flows between VDD and VSS and
so the pomer consunption of the circuit increases. Accordingly, since )
initial DATAis required to be read in an appropriate 5 cycle so that th
transistors Tr4-to Tr7 turn ON in response .tm-a signal of level L to a gate
termnal 34 and the DATA read-in signal is fed to a clock termnal 35 to
rovide initial DATA to the 1/2 bit flip-flop circuits 20 to 23 and the
“itnitial DATAis held until the followng data'read-in cycle. In Figure 10
3, reference nunbers 24A¢Ht2enadly) rwhepaR-<hhiiidd tpangistorefBrete frumes al s
28,29730,31 indicate set 112 dividers and reference numeral 32 indicates a
fesettable 1/2 dividerliithgetings SHERAT AIWEYYdiewsibetueent VoD aed FFSpndvi di ng
the initial DATA is such that after all dividers in the divider network 15
10 are reset by a r¥&he AOYRGIOPSERtPR "tfhEhebégf‘Fﬁ’rFn’d‘CG?aﬁﬂ'?ase“‘ic"?’dtﬁl&

adj ust mrent DATA, i.¢g the |n| Dﬂjr DATA%sr‘Q? 0%? r.esponse_to Qe si gnal

J. As mentioned abovece BiELTY - ’a%‘% SPrihERPTRTIR D! t he
initial DATA sels i ScflgEi Dednlly th@%héf&o&?erﬁoﬁﬂ %‘?Q“DB@OE%B@?“%ATA by

sel ectively cutting substrate pattern nes to 1 nputs

terminals D of the dd aPsidnaP ¥ Hewdt & 29 af Gat23te GO BiaNglay end BaTgOUNt . NI
of the charging and di scharging operations of the reference resistor 2 and

the capacitor 4 durieag-iheipefl ad fell té Phdsex terimAab@5ves peevidedisitislt he
devi ation of the resistance ratio
DATA to the 1/2 bit flip-flop circuits 20 to 23 'and the initial
. : DATA is held until the following data reaa-in cycle. 1In Figure
.10 '.3, reference numbers 24,25 ,2"5 ,27. indicate NAND gates, reference
numerals 282,Z3310 indicate set 1/2 dividers and reference numeral
32 znd:.cates a resettable 1/2 dxv.Lder stage.
As shown by Figure 4, the timing of providing the initial
DATA is such that after all dJ.VJ.ders in the divider network
.15 10 are reset by a reset signal I before the beginning of Phase
- I, logic adjustment DATA, i_.e. the initial DATA is read-in
in response to the signal J.
As mentioned abow.re, in this embodiment, the pred_etermined
value of the initial DATA set is defined by inputting the. logic
20 adjustment DATA by selectiw.rely cutting eubstrate pattern lines

_ o oF THE Fel-FleP ciRevirs 20 ro 23 /
to inputs DO to D3 @f the terminalsDZ: Accordingly, the count

.N1 of the charg:Lng and d:.scharg:.ng operations of the reference
resistor 2 and the capacitor 4 dur:.ng the period Tl in Phase I
can be var:.ed and thus the dev:.at:.on of the resistance ratio

25 due to the deviation of the resistance of the thermosensitive



25 due to the deviation of the resistance of the thernosensitive -12-
?g,ent and the reference resistor can be corrected, consequently

,;evi ng absol ute val ue adjustnent. Figure 5 shows a nodification of the
initial logic adjustment circuit of Figure 3. First, the reference

resi stance is converted to a correspondi ng frequency a predeterm ned nunber
of times (the nunber of times being Weternined by the output of a multi-

i nput NAND gate 129 in the initial logrc adjustment circuit). :Then the
resistance of the thernosensitive elenent is converted to a corresponding
frequency for, a tinme_whichjs defi ne{g_ds by 10 the main gounter 18 and the@
- mai n cont r ol $ERENE7 283 FARLFRAFTPRCR 46S tf‘% (8 k9 FRUFSSHo0 h SOPRYRFRI |
resi stance-frequency_.conversion.- The resulting count of the

resistance- farcg‘hﬁve’r?@ia%s@ﬁ‘ ?sviagﬁevﬁ-gtjﬁﬁrméag%'ect to the resistance of the

t her nosensitive &l eq 1S 1at chac LI GURT ] ut put-i's,
in turn, 15 dec%gggg Bst‘y st}%('ag %e%%g%ri p%_/této?(;eoébgkgpgg %ﬁe?ié'%gy‘:lta_ %%@glagrbt?ay '
portion 15. SiRgH LREFIRSE S3.aNELrdtl, CEHLC REBLrEREY 8081 RARHishcdRBREEE tO the
resi stance of the reference resistor .and.the resistance of the

t her nosengi tdove &reeBpindang freghdiicyes predetefnined njitierods 2Amenf tinme and
with respect to the resistance-frequency conversion, the resistance is in
i nver se propitheinmben dfheimesbeingfetbomingd bprhe oWput orf/ @rseldi-of t he
resi stance to the count over tenperature of the thernpsensitive elenment is
expressed byinpht NAYP| gatien$29 in the initial logic adjustment circuit).

fheﬂ the”resiéﬁanée.of'thé thérﬁosensifi§e element is converted - k.) _
to.é cbfreépohainé ffeqﬁeﬁéy for é'ﬁiﬁe'which is defined by
10 tﬁéimain'coﬁﬁfér 18 and the main cbptroiler_lé'and which is
equal to thé.time'for the.ieférencé résistance-frequency.conversion.
The resulting count of thé.iésisianéerfieéuency.conversion |
Qith respect to the resistance of the thermosensitive element
_is 1atchéd by the latéh.ciréuif 11, whose.éutputis; in turn,
R _ o : : PoRTion
15 decoded by the decoder 13 to be displayed by ;he display gewvice
.15. o . _ :
Since the reéistﬁnce-freqﬁency convéfsions_with respect
to the résiétance of.fhe referehce resistor.éhd the.resistance ' \u)
of fhe tﬁermoseﬂéitive.éldnent aie pe;forméd in a fixedtperidd
.20' of time.énd'ﬁitH £espe¢t to the resistaﬁce—ffequeﬂcj cohﬁersion,
tﬁe resistaﬁce is.in infersé proportion to the numbér of conversions,
| tﬁe cohvérsion Qf'the resistancé.ﬁo.fhe count overlﬁemperature
of the thgfﬁb#ensiﬁi%e:éleﬁent is expressed by the following
ééuatioﬂ:n | | | | o |
25. RI:E:L=.'I.t.sx1..‘1.-... (10)

where, L. is the predetermined count of the reference resistance-



equation: 25 _ RLxL=Rs xN .... (10) where, L is the predeterm negk
count of the reference resistance- --13- frequency conversion, , Nis ‘ig}
the predeterm ned count of the resistance-frequency conversion with resped

to the resistance of the thernosensitive elenent, Rl is the resistance 5

of the-reference resistor and Rs is the resistddece of the thernp- sensitive
elenent. In initial adjustnent, the predeterm ned count N of the

resi stance-frequency conversion with respect to the resistance of the
thernosensitive el enent is adjusted. So, by transfornlno 10 equatlon

(10); ‘N i s obt ai nedf¥eIvPREY ofRRVeNSion, & o s 7. the
dew%flon of the ratlo(Rlle)ls corrected b L Gventhat in thi
enbodi ment t he counteHt slslReiv i R : ‘ d’é‘? T%@t?rflwd

corresponds to L. 15 I_he v Iue g/s an b var i ed accordi ng. t,0 r%egece__t es. of
87 /e et

the initial logic aff an“;fﬁt TIIWeTH ﬁ%?véefﬁa 0 as

"DATA |ine") DO, DI y ut s
gat es (EXOR) 124, 15’%9455%3‘ ?géi%}}r E’éﬁé@?f“?é?%*&éﬁ% gﬁ%ée}%t |’§/10 T ﬁegfelvgéil\eé%ﬂo%

equation (11) sﬁ]vaafad;e 1dBiSed@d refiABLidid ROFsCtiRdissilsiBide of xHREtHBYRG-
conpr ehensi ve, e above principle will be

sensitive element.
In initial adjustmeb;, the predetermined count N of the
resistance-frequency conversion with respect to the resistance
\~j . of the the;mosensitive eleﬁent is adjusted. So, by transforming
10 . equation (10), N is obteined as followss:
N=1L x(Ri/Rs) cons. (11)
Accordlngly, the dev1atlon of the ratio(R1/Rs)is corrected
by L. Given that in this embodiment the count of the output
of the multi-input NAND .gate 129 isw, w corresponds to L.
. 15 The value W can be varied accordin§ to the states of the initial
logic adjustment DATA input lines (hereinafter referred to
as "DATA line") DO, DI, D?Q D3 which are applied to one input
of exclusiee OR gates (EXOR) 124, 125, 126, 127, respectively.
Consequently, tbe value L of equation (11) is varied, thus
20 enabling logic adjustment. | |
To be more comprehensiee, the above prineiple will be
explained using actual figures. If the resistanée of the thermo-
sensitiee element and the resistance of the reference resistance
ofer temperature at the tiﬁe of adjustment are 23.0kR and 22.4k,
25 respectively, the count N of the resistance-frequency conversions

with respect to the resistance of the thermosensitive element



e@i ned using actual figures. If the resistance of the therno- sensitive
el nt and the resistance of the reference resistance over tenperature -at
the time of adjustnment are 23.0 [err] and 22.4 [err], 25 respectively,
the-count N of the resistance-frequency conversions with respect -to the

-resistance of the thernosensitive element -14- is adjusted to 224 :
counts, L is obtained by substitution i-n equation (11): 224 = L x 22.4/23.0
' (12) consequently L = 230. 5 . Accordingly, in this exanple, the

initial adjustnent is realised by setti ng Wto 230 eounts. |f the output of
each resett aifi ediysteditn dé¢ oopRkRr 155 chtained) by woPridw§iemdndi vi sion rat o
of each can be predeterm ned (for exanple [err] for the presettable 1/2

di vi der stadf@@rPMdiTerr] for the resettable divider stages) Wis

cal cul ated as be . W=_230,5 128 + + 32+ 4+ 2 [err] So, in order to
pr edet er m ne Wa%ﬂévIB}‘N’f ﬁg'%;ﬁ3t'(|}-'|‘ﬁpu8%I’\IAND 15 gate is designed to
produce an .out pu : puts [err] [err] of the resettable 1/2 divider
stages are VDD a%od}g%&&r%%p% tﬁgafout.put's of [err] of the renaining
resettabke 1/2 daddod@indly30BS tBIL eM@mple, the initial adjustment is

realised by setting W to 230 counts.

' If the output of each resettable 1/2 divider stage 115

to 122 is VDD and the division ratio of each can be predetermined

(for example 20 for the presettable 1/2 divider stage and \-J_

. ¢ .
10 21 for the resettable divider stages) W is calculated as below:

W = 230

128 + 64 + 32 + 4 + 2
6 2

5

27 +' 2 + 2 +2 + 21

So, in order to predetermine W at 218, the multi-input. NAND

.15 gaté is designed to produce an output when outputs of 27, 26,

2°, 22, 2 of the resettable 1/2 divider stages are VDD and

the outputs of 2#, 2?, 20 6f the remaining.resettable-I/Z divider
stages are VSS.

‘In order to design the multi-input NAND gate 129 to produce

20 the desired output, the_followipg-iS.necessaryz

(1) The multi-input NAND gate 129 outputs VSS when all
inputs thereto"are.VDD.

{(2) When inputs ffoﬁ inputs DO to D3 to the EXORs are
iDD; the outputs of the respective rese£tab1e 1/2 divider stages

25  of the divider network 10 are inverted by the EXORs and the .

- inverted outputs are fed to the malti-input NAND gate 129.



In order. to design the multi-i npUt NAND gate 129 to produce 20 t he

desired output, the following is necessary: (1) The nulti-input NAND gat g
129 outputs VSS when all inputs thereto are VDD. (2) Wen inputs from

inputs DOto D3 to the EXORs are VDD, the outputs of the respective

resettable 1/2 divider stages 25 of the diviter network 10 are inverted
by the EXORs and the inverted outputs are fed to the nulti-input NAND gate
129. (3) When the inputs frominputs DOto D3 to the EXORs are VSS, the

out puts of the respectiv t.ahl Vi t; fa r t he
EXORs and -are fed to t he%?rguﬁ’t%?gian%ut& t%lnyé’étg&{ﬁ%.&%gé u¥es tégnm gri ng

the above points, | NafdQs3h AR Stboded XA resgdtdl b Yetitand ri?ﬁgﬁ@iéé} t hat
the EXORs 125, 126 pass the outputs of the respective resettable 1/2

di vider stages to thgtsgdst padshphtiondiMRegBoRs\eAd @Y FelVES £hé mudil-ihpet EXORs
124, 127 invert the outputs of the respective resettable 1/2 divider 10
stages applied therenanmrdtag@by the inverted outputs to the nulti-input
NAND gate. Accordingly, by determning inputs D1, D2.to be VSS and inputs
DO, D3 to be VDD,5 W becofessigsping3the, abpes |ppinkst-cimithe mpove cactuab exangle
resettable 1/2 divider stages, the nunber of inputs DO to D3 and the nunber
of outputs 15  of .t FEFTRIEEY isnprrangger gdiret thecE¥Rs RH-uithrepss ithe
achieved with any ther m)sensg tjve elenent with a%nz (yﬁaéact eristic.
Referring again to FPEERES? P FREPRGERRA TSP 1/2 divider stages to

the multi-input NAND gate without inversion and the EXORs 124,
\_) 127 invert the outputs of the respective resettable 1/2 divider
10 stages applied thereto and apply tne innerted outputs to the
multi~input NAND gate; Accordingly; by determining innuts
D1, D2 to be VSS and inputs DO, D3 to be VDD, W becomes 230.
By properly determining the number of resettable 1/2 diyider
stages, the number of inputs DO to D3 and the number of outputs
15 of the multi—inpnt_NAND gate, precise adjustnent is achieved
with any thermosensitive element with any chanacteristic. |
Referring again to Figure 1, if the 4etek signal E of
the NAND gate 8, that is the signal-éiin Figure 4, is detected
lby'an external measuring denice {(not shown) whose measuring
20 time is synchronised with the signal é; the count N2 in re;ation
to the measured ﬁemperature can be detecﬁed. If the count
N2 is detected, the deniation of the resistance ratio of the
thermosensitine element and the reference resistor before adjustment
_can be detected by conversion of the count NZr
25 Furthermore, if an external CPU for storing the amount

of correction of the deviation of the resistance ratio for the



the NAND gate 8, that is the signal Bin Figure 4, is detected by an

e@r nal measuring device (not shown) whose neasuring 20 tinme is :
syYachroni sed with the signal C, the count N2 in relation to the neasured
tenperature can be detected. If the count N2 is detected, the deviation of
. the resistance ratio of the thernosensi{gd ve el enent and the reference _
resi stor before adjustnent can be detected by conversion of the count N2.
25 . Furthernmore, if an external CPU for storing the amount of '
correction of -the deviation.of the resistance ratio for the - 16-
conver si on OtohveesidoUDE tH2 céimdt N2 S thegiies shjidSadpetnddTBATS ipr ovi ded and™
if the | ogic adjustnment DATA set is performed by the external CPU using tM™e
count N2 det proddedandbif) &dhetlegit afijvstmtnt ShATBNsetc 4n peafoumrdl eted i n one
step. 5 - Moreover, the . easy precision test of the tenperature
measur e- menby dihegerterazt CEHi vsipgdieoringr N¢ datertedcrs abeve hHfbeisi ng t he
signal E. Fi ﬂure 6_is a block _diagramof a second enbodi nent of an

‘el ectroni c t FRFfoRtErTeRtc 6RYiNS g TPIEHE JPRenfteMvention 10 and Figure 7

is a timng chart of the .signal s_appearing.in_the electronic thernoneter. of
Figure 6 3howing che Tevers _%asysﬁgég%l%n tg%ﬁ’ r?tfsa’e Te'ﬁm%eﬁgt‘ﬁer BF2¥RBodi nent

Ch o, B o, B LSl Shphatl LEPURL RIS Bl (1L [ el
15 referreghd Gadéh sAGha1 gONverter is used. R
Fiéuré"e ié a biock.diagram' of a second ‘embodiment of
lan eléétrénié .thermbmeter_ aécording to the pre'senf _iﬁvéntion ' 3 \"J
10 and Figure 7 J.s a tiﬁin'g chart of the signais appearing in
E _'the éiectfdnic Ithermo'.me'ter 6f .E"ignre 6 s}bwing" the levels at
sp'ec.ifi'ed. p_oints..: Ifx .the ‘first embodj;ment' of the pfes’ent: invention,
'.a resistaﬁcé—frequency coriveiter 'ciréuit is used, 'while- in
_this 'elx;Bbdiment a double integrating analog-digital (hereinafter
15 lfeferred to as "AD") converter is used.
. T}xe principie of the ;ﬁemperature measurement of the second
embodiment .is'théf; fhe ratio of the time .fequired for integrating
the constant voltégé of f.he thermosensitive element 3 and a
'capaéitor 50 ana of the reference résistor 2 and the capacitor 50
| 20 | is conveﬂ:ed t§ a .diéital value and the téniperatﬁre is'diépléyed
aigitally. | '
The period for intégration by 1:"1'er ref-erence' resisi'..or 2
and the capacitor 5'0. and that by ti':e thermc seénsitive -element 3
and the caéécitér 50 afe .re'_f'err.ed to as a fi_rSé integration
_ .25_ and”a s.e.cor.xd_inte'grat':.ﬁ:-p, _respecfivély, each of which is explained

below.



The principle of the tenperature neasurenent of the second enbodinent is
that the ratio of the tine required for integrating the constantvoltagef - .
the thernosensitive element 3 and a capacitor 50 and of the reference..:_‘-._';.
resistor 2 and the capacitor 50 20 - is converted to a digital value and

the tenperature is displayed digitally. Thelperiod for integration by the
reference resistor 2 and the capacitor 50 and-that by the thernosensitive

-el enent 3 and the capacitor 50 are referred to as a first integration 25
and a second integration, respectively, each of which is exgl ai ned bel ow.
-17-11n response to a cl3cRe=BPHIfaFoVd feghstmrlodti frrRitde e8Farte%6s, a
~divider network 57 counts froma_count o VWen the output fromthe
Givider network 57 oftEae e bBREIE APhERY: Hh Pt I APEiY R SRAND
gate 64, the latter S ] , 2 Whi i deto i o
controller 66. Then ?FleW?r'g:éﬁtl %%%oon’? §+ %%6%’?03%&%% “§§H‘$‘gﬁ15f ee%%fgitgﬁal Q

to an anal og sw tch Eﬂed@@&ﬁﬁn&&”ﬁ?u@% I"iﬁxlﬁligx%ui: RS Glel Ofk | End QEPELCE

at- this tine and termnates with the count-up the divider circuit 57. 10
In the first integrabhtputasa shensd, Yd)enithidsufdd 68 DHhaideontdciage eef an

~output signal P1 of an operational anplifier OPl is expressed by: [err]
=(E2/R1) x N1.... (1Bhen the main controller 66 outputs a high level signal Q1
to an analog switch_54 which turns ON. The first integration
~ is commenced at this tiﬁe and terminates with the count-wp
of the divider circuit 57.
10 . In the firstlintegration as abo@g, the fluctuation of
the woltage of an output signal P1 of an operational amplifier
OPl1 is expressed by:
 avet =(E2/R1) x N1 .... (13)
in which AVPl1 is the fluctuation of the voltage of the output
15 signal P1, E2 is the voltage applied to the reference resistor
2 from a reference Qoltage e2 and N1 is the cdunt of the clock
signals applied to the di@idet network 57 by the oscillator
circuit 65 during the first integration. |
When the.first integration is complete, outputs Q1 , Q2
20 of the main controller 66'becomé 1g§e1 L'and level H, respectively,
and accordiﬁgly analog switch 53 turns ON. The second integration
- then commences. As the integration continues and when the voltage
1e§el of the output of the operational amplifier OPl rzaches
the level before the first integration is commenced, an operaﬁional
25 amplifier OP2 inQerts the input signal thereto. This inverted

signal P2 is fed to the main controller 66 which outputs a signal



in which AVP1 is the fluctuation of the'voltage of the output 15 si gnal
P1, .E2 is the voltage applied to the reference resistor 2 froma reference
Bage e2 and N1 is the count of the clock signals applied to the divider
Ik 57 by the oscillator circuit 65 durirng the first integration. Wen
- the first integration is conplete, ajgputs QL, @ 20 of the main :
controller 66 becone level L and level H, respectively, and accordingly
anal og switch 53 turns ON.. 'The second integration then comences. As the
integration continues and when the voltage |evel of the output of the o
operati onal gopf fibesl CPior eachiomtife the\wicohkfintegtaidod.i rst i ntegrati onki",s
commenced, an operational -25- anplifier OP2 inverts the input signal -
thereto. Thi's iITherfladtsatgwal ofP2he svoflbalgs oftthe Awiuty ebamadoPl er 66 which
outputs a signal =~ @ of level L for.term nating the second integration.
The fl uct uat e@nthsf operationalagepldfien OPL nringitdeaperped ;£ the s§Ferht i onal
anplifier OPl during the period of the second integration is expressed by:
5 [ er ApteqRtiow yig qPressed Py#) in which El is the voltage applied
to the thernosensjti v-_e(-Eg_I-%n'enng'f'r-og g reference-voltage el and N2 is the
count of %I ock. siYhalSs 6 e by fh i vider network 57 during the second -
i ntegration. .10 g1 iS-0geLheabsohite val ?1[‘ leddle@oiations (13) -
and (14) ar_eléq'ﬂ%ch, Elt k’fg' % 'I._oiv]\far?g ?ésy _o%)t ai ne'lé“fg E?Zl%gl X N =(El/Rs)x N2 .
co (19) element 3 frcm a iéfefende voltage el and N2 ‘is the count of '
clock signéls counted by the divider network 57 during the ' =
o, Y
second integration.
10 R Sihce the absolute value of VP1 in equations (13) and
(14) are equal ,'tﬁe-folléﬁing is obtained:
(22/R1) x N1 =(E1/Rs)xIN2 .... (15)
1f the.circuit is-designed'so that. the voltages El; E2 are
equal, then:

N2/RS .... (16)"

s | NI/RL
) .Abcérdingly,“
N2 =(R's/R1)x M ... (7).
Equation (17) is the same as equation (4) above except it contains ' g;;
the reciprocal of R1/Rs.  conséqﬁent1y,“similar to the first
26 _embodimént, in the second embodimeﬁt deviation of the resistance
ratio of éhe resistance of the thermdSensitive-elgment and
" the resistance of the_refefenée resistor can be COrrec£ed by
| selecting the.falne’of the count NI and absolute value adjustment
is achiéﬁed. . | |
25 In the second eﬁbodiﬁéht;'the phase of ‘the output-signal

~ from the dividet'nétwbrk is varied according to the logic



If the circuit is designed so that the voltages El, E2 are equal, then: 15
N1/RL-= N2/Rs .... (16) Accordingly, N2 =(Rs/Rl)x Nl (17). Equation
(17) is.the sane as equation (4) above except it contains the reciprocal
R1/Rs. Consequently, simlar to the first 20. enbodi nent, inthe second
enbodi rent deviation of the resistance ratio_g. the resistance of the

t hernmosensitive el ement and the resistance of the reference resistor can be
corrected by selecting the value of the count N1 and absol ute val ue

adj ustnment is achieved. 25 In the second enbodi nent, the phase of
the out put signal feadjastihentdDRTAlRA NHeBFddet&rnined ad18€ &I thegutgutt he | ogic
adj uStnment DATA and the predeterm ned val ue of. the output of the

hul ti-input NAND gaté€ the maltietnpwsi Nt fatel h$ tviazied mgimg &bl¢ Uisitintalt logic
described in relation to Figure 5. The count Nl is given by: 5 N1 =
NO- NG..... (18) i pdiwstaent\Geseriped iporaiatidn theFiayget5-0 The chuntcHunt - up
by the divider network 57 and NG i's the predeterm ned val ue of the output
of the nulti-input RANBYGR&¥:64. Accordingly, by varying NG the count N1
can be determned. 10 . _ mFi— e 6'6( 0o shows an initial |ogic adjustnent
circuit 63, a resistor {19 f'or autonutically returning to zero and

in which NO is the count of the count 0 to the count-up by

‘the divider network 57 and NG is the predetermined valué of
the output of the multi-input NAﬁD gate 64. Accordingly,
by varying NG, the count NI can be determined.

.10 Figure 6 also shows an initial logic adjustment circuit
63, a resistqr 49 for automatically returning to zero and '
analog switches 55, 56.
| The present inﬁéntion is applicable to any electronic
thermomete;,-no matter what kind of aD ;6nver£er is usea,

15 as long as the electronic thermometer uses a system in which
the resistance ratio of the thgrmosensitive_elgmeﬁt and the
reference resistor is converted to a digital temperature value.

By properly arranging the number of bits of the logic
adjustment DATA, the number of resettable 1/2 divider stages

20 and the output of the multi-input gate, deviation of resistance
of any thermosensiti&e eleﬁent and reference resistor can
be corrected and, sigée the adjustment is done iﬁ,one clock
period, adjustment to a high degree of precision is achievable.

Moréo&e;, in accordance with the present iﬁvéntioﬁ, the
25 diQider network or the ﬁain'countet is used as a round counter

for counting in a round cycle from count 0 to a count-up value.



anal og switches 55, 56. The present invention is applicable to any

e ronic thernoneter, no matter what kind of. AD converter is used, 15
a@z\g as the el ectronic thernoneter uses a systemin which the resistance
rati’od of the thernosensitive elenment and the reference resistor is
-converted to a digital tenperature value. By properly arrangi ng the nunber
of bits of the |ogic adjustnent DAT?2%< he number of resettable 1/2 divider
stages 20 and -t he output of the mil'ti-input gate, deviation of resistance
of any ther rmsensitive el ement and reference resi stor can be corrected and,
since the adjyst ment don Ln _one.cl ock r| od ust rrent to a high =~ ™.
degree of prjgé‘f"é? P 1|me\?5 0T eoved%% I h 3?:%or & vmeth t he greséﬁ‘f'

nvention, the %%Ilesglow 054 AELIDLE apblaclB! MaCOUALEL icgyungd as a round

counter for ng in a round cycle rom count to a count-up val ue.

-20- Since abEOéHEhQOéB}E@EtéX OViides 1 SORHEA1IRATY ERIBRNE ¥Gkee | €0ar di ess

of the result of neasurenent, an external CPU can be easily connected.

Al so, by furtehertghievEsk @gnmlﬁ@unﬂufzseﬁlﬁaunar& itbfEadtOhatgeaeryat i ng a buzzer
sound or for automatically 5 disconnecting a power supply can be set. a
Thus, thesnudiiscorgiect agpatipdvee supplylicandisr setag@busegbe meubéor - obt ai ni ng

t he. round cycle is reduced. As a matter of course, it i's also possible that
a special ly efncesettakis élhlmﬁﬂeﬁmek xemwied §or dhitatniegdthst a round

counter.
round cycle 1s reduced. As a matter of course, it is also possible

that a speéially cbnétructed-divid’er network can be used instead
of a round counter.

10 ' still 'furt'fxer,'it is also within the scopé of the present
.invention. if the main counter, the 'ma.;in controller, the initial
logic adjustment circuit, divider ci.rcu.':'_.ts, .the'multi-input'

. gates, the latch circﬁits',:'.ROM , the deéod_er, :the driver circuit,
étc . are replaced by aﬁ appropriate ‘one-chip or two-chip CPU

15 as required. When a CPU is used, a fuse ROM or a programmable

| ' R.OM"can be used for holding logic_ édﬁustme_nt DATA. |

In the abo‘.ré descriptién of the preferred embbdiment of
the present ihﬁeﬁtion, deviation of the resistance ratio of ' \)
a t.hermosensiti\.re element and a reference resistor is corrected

20 by variously determining the cc_nirit of a first clock to realise

abéolute value 'adju'stmen't':. |

By similarly arranglng the number of bits of logic’adjustment
DATA, any dev:.a.t:.on of t'he resistance ratio can be adjusted.
Also, adjustment is' performed in respect of one clock of the

25 count and adj'ustheht to a high d'egr'ee' of precision can be achieved.



10 Still further, it is also within the scope of the present

invention if the main counter, the main controller, the initial |ogic _
adj ustment "circuit, divider circuits, the nulti-input gates, the latch ™
circuits, ROM the decoder, the driver circuit, etc. are replaced by apgt -
appropriate one-chip or two-chip CPU 15 as required. Wen a CPU is us

a fuse ROM or a programmabl e ROM can be uS®Y for hol ding | ogi c adj ust ment

- DATA. In the above description of the preferred enbodi ment of the present
~invention, deviation of the resistance ratio of a thernosensitive el enent
and ja reference resistoy_is corrected 20 by varjously determ.ning the count
of a>First clock to real'fs® ﬁ%sstof’gtaé‘ ?/éﬁcﬁégni(f Eiéefrr?é’ﬁ terpyer ‘r%"n"fga?;?ytq’e |
arrangi ng the nunbe is 0 Gadhys tae ol e A &yui eviati t he
resistance ratio c%re%%ngdjggggeiag'%'go, agjéuxlsz??r;etnt |é§quﬁg§§l(§’§rr%%h&r1’é§%ect

of one clock of theel%gtl;m%guese&eﬂe&%%t RBOtneb&ssarh] U3 £RAr efe AfinPr €ci sion

can be achi eved. to cost of an electronic thernoneter according

to the present inveflgu@fed Fo¥ddjablunt & Sédiced §Giticl &thab¥ode@RME RhbaNal
el ectronic thernoneters is not necessary, so that the time required for

adj ustment i s reduched &6 & radettiogdhharstt begperéd tol amtetidonal e@ddettmnicn
cost conpared to conventional electronic thernoneters. Since a variable
resistor is not necthesmenetezs. clSdnta onvariphls gepsiater iscoet depesIasYs he

present ‘invention is shock-resistant and has inproved aging ,
characteristics. an electronic thermometer according to the present invention

P is shock-resistant and hés iﬁproved aging characteristics.
~ Moreover, the absence of a Qariable resisto: enables size to
.10 Dbe reduced.

The present inﬁention is applicable not only to electronic

thermometers such as clinical thermometers, but also to manometers

and other measuring devices.

15
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Mor eover, the absence of a variable resistor enables size to 10 be

re ed. The present invention is applicable not only to electronic

t hegpneters  such as clinical thernoneters—but—also to manoneters and
ot h measuri-ng devices. 15 -22- CLAI M5 1. A nmeasuri ng- appar at us

conpri sing neans for producing pul ses at a :rﬂwl ﬂ!ﬁ“nmumﬂnn t he val ue of
a characteristic alternately of a f+22st ele nd el enent,
means for counting the nunber of pul ses so produced nearfs for controlllng
the operation 5 of the pul se produci ng neans so as to produce a

predet ermi ned nunber of pul ses at 82 ate dependent upon the val ue of the~
characteristjc of the first el enent, .means to varé sai d predeterm.ned ’

‘nunber pdt ?85“?3?&3?5???‘??9 CRERHS NG B3R 97 S @HLETS addi ti onal
counts i.pto JhE PUIAGHO ggh que”@s?ﬂ:% Qf' OE:hé&ckgifstué ggn% YT

characterlstlc val'ue -nmeas nment, or neasur ng ?ng the tine

taken tQgepg odyce é1liﬂ£n@ra%ﬁe$§ra”s£'€d$dnéliﬁﬂﬁﬁt QHJsSE%§ c&ﬁ-ﬂ‘ﬂﬁ for controlling
t he operation of the pulse produci-ng means to produce pul ses at the rate

dependeithe UniBet T yaldie 86 prdAuedE A6ddY st iconbfollligg s@eossk @ 5Nt during
the tine so 15 stored, and neans for converting the nunber of -pul ses so -
pr odsicea@£dthe pglﬁé’]@todﬂdiﬁglﬁﬂsascdlagl mlpruaideeatprehetshmnbayed 2.

Apparatus as claimed in claim1, in which said first
number of pulses at the rate dependent upon the value of the

characteristic of the first element, means to vary said predetermined
number of pulses, said varying means including means to enter ' \;}_
additional counts into the pulse counting means prior to first |

10 element characteristic value measurement, means for measuring
and storing the time taken to produce that predetermined number
of pulses, means for controlling the operation ‘of the pulse producing
means to produce pulses at'the_rate.dependent upon the value
of the characteristic of the second element during the time so

15 .stored, and means for converting the number of pulses so produced
during that time into a digital value to be displayed.

2. Apparatus as claimed in claim 1, in which'said first
and second elements are a reference resistor and a thermosensitive
element, respectively.

20 3. Apparatus as claimed in claim 1 or 2, in which said pulse
producing means is a resiStance-frequency converter or a double
integration converter.

4. Apparatus as claimed in any preceding claim, in which;said
pulse counting means is a resettable 1/2 divider circuit or a
25 combination of a set-priority resettable 1/2 divider for low

bits and a resettable 1/2 divider for high bits.



and second el ements are a reference resistor and a thernosensitive el errent
respectively. 20 3. Apparatus as clained |n—e—l—a4—m—1——e4c—2—|—n—vxlm ch S

pul se producing nmeans is a resistance- frequency converter or
integration converter. 4. Apparatus as claine Elﬂl'ﬂllm“"ﬂﬂﬂﬂl g cI al m

whi ch” sai d pul se counting neans is a resgig-abl rcuit or a 25
conbi nation of a set-priority resettable 1/2 di'vi der “for I'ow’bits and a
resettable 1/2 divider for high bits. -23- 5. Apparatus as clained in
any preceding claim in which said converting neans consists of a latch
circuit, a reacﬁ«onlljpmsnmsyaamjlmeca igeenyd precedidg i cl@imciincwhichasalida

di splay device. 6. An el ectronic thernoneter substantially as herein
descri bed 5 W@H"‘F%‘f‘@ﬁ@ﬁ?@ﬁ ?P"éhﬂt%é’fsﬁo‘cﬁﬁcl‘rf-’llricgiﬁveé readponlyoRenayy
acconpanyi ng draw ngs. - An el ectronic thernmoneter substantially as

herein descri bé&%ﬂ R F%‘F‘?Qeénc’edfﬁ"% GhFeE-t1309) 24digpdan evher i ed in Figure
Substanti ally B hePErAeareRrs SREMTEReF SBPEREE-LEY oF e GeRRELPLor ( he
acconpanyi ng drv&% rig;&erence to and as shown in Figures 1 to 4 of the accompany:.ng
draw:.ngs.
7. An electronic thermometer substantially as herein described
with reference to Figures 1 to 4 and as modified in Figure 5
of the accompanying drawings.
10 8. _An electronic thermometer subst_antially as herein described

with reference to Figures 6 ‘and 7 of thé accampanying drawings.

15




