22 22 261 1-HUM DI TY MEASURI NG APPARATUS The present invention relates to .

apparatus for neasuring relative humdity. ‘An el ectronic thernoneter having
a variabl e resistance type sensor for neasuring the tenperature E§%% E%
di scl osed i n Japanese Published Patent No. 15134/1983. It may be thoug to
be possible-also to neasure humdity by enploying this structure. However,
if such a sensor is enployed for detecting noisture and a current is caused
to flowin one direction for a long tine in the sensor, electrolysis may
occur and the noisture sensitivity may change, whereby accurate hum dity
measurenent over a long period is prevented. A further problemw th many
known hum dity sensors is that they suffer fromvariation in their '
character- istics, so that much tinme antl | abour is required in adjusting
‘the neasuring appar at us, whi ch i s expensive. According to the present
I nvention there is provided humdity neasurlng ngAatus conprising: a
humi dity sensor having an HYREERINE NEASYR
in hum dity, neans for generating a signal |nd|cat|ve of the inpedance of
the hum dity sensor, neans for calculating the humdity fromsaid
I ndi cative signal, and means for periodically switching the direction of
current fIOM/throEQH Presemt dinvensiyorredahes varapbarapusi 6ar 2 The
present |nvﬁggggglwy lri@ tdeRCH ke {4 ther, by way of exanple, with

0

reference to the accConpanying draw ngs, in which:- Figure 1 is a block
di agr am showi ng afPe RISFEEHRORLC thermometer having a variable

resistance type sensor for measuring the temperature is
disclosed in Japanese Published Patent No. 15134/1983.

It may be thought to be possible also to measure
humidity by employing this structure. However, if such
a sensor is employed for detecting moisture and a

current is caused to flow in one direction for a long
time in the sensor, electrolysis may occur and the
moisture sensitivity may change; whereby accurate
humidity measurement over a long period is prevented.

A further problem with many known humidity sensors
is that they suffer from variation in their character-
istics, so that much time and labour is required in
adjusting the measuring apparatus, which is expensive.

According to the present invention there is
provided humidity measuring apparatus comprising:'a
humidity sensor having an impedance which varies in
accordance with changes in humidity, means for
generating a signal indicative of the impedance of the
humidity sensor, means for calculating the humidity from
said indicative signal, and means for periodically
switching the direction of current flow through the
humidity sensor with a variable period.
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of “apparatus for measuring hunidity according to the present invention;
Figure 2 is a circuit diagramof the apparatus shown in Figure 1; Figure 3
is-<a.flow chart representing the 10 operation of the apparatus shown in
Ffdvﬁe 1; Figure 4 shows a portion of thgacircuit of Figure 2 for
expl ai ni ng switching between charge ‘and di scharge conditions; Figure 5
shaws a connection within this portion of 15. the circuit at the tinme of
discharge; Figure 6rHaoysdsin ABRRAI QIS WL (didePibdd Ofuptnéhy
circuit at the tine. of Selecting a humdity sensor of the a £ara1us; Fi gure
7 i's a wavef oP¥ #e¥grimerembdey HithFabsrenre tq fhhe i?‘ﬁF‘UE ALY
swi t chi ng neadya®finigas dppaihdicks- Figure 8 is a table for explaining the
function of one form.of hum dit termning neans of ‘the a tus., Figure
9 shows a nodifi cat irpdﬁud:le gjnl(?s\é ﬁﬁé’t“‘lko REEED mensrc}ﬁf’ t& W"u‘? F1. 725
Figure 20 i s afseppamaiiusyifor measmyiing hunidity seoomrdiodg tte dppar at us;
and Figure 11 t .acteristics of the humdity sensor. An

enfjodi ment ofpé%%g%Feggﬁ%Qﬁﬁggﬂtion will be explained in detail with
reference initiallyRgumegd ds B sigcnidr dipgram aHahe RPRAREAKWYSs. The
illustrated appral Y Figh4des @ humdity sensor 101, which has a
sensitivity to noisture such that its inpedance varies in accordance with
changes in huni di ty FigNTecHi A feddow c@rfogqmslﬁﬂtr?d‘%r%%g swi t ches
208a anﬂ8208bopequkd©ﬁ of kdleh appdradfust thdwnriit tBiqersa; 101 serve for

swi tchi Figure 4 shows a portion of the circuit of Figure
2 for explaining switching between charge and discharge

{ conditions;
Figure 5 shows a connection within this portion of

15. the circuit at the time of discharge; |
Figure 6 shows the connections within this portion
of the circuit at the time of selecting a humidity -
sensor of the apparatus; - _
' Pigure 7 is a waveform diagram for explaining the
function of sensor switching means of the apparatus;
- Figure 8 is a table for explaining the function of
one form of humidity determining means of the apparatus;

Figure 9 shows a modification of an oscillation

20

frequency counter of Figure 1;
. 28 Figure 10 is a sectional view through a humid;ty
g sensor of the apparatus; and '
Figure_il shows the characteristics of the
humidity sensor.
An embodiment of the present invention will be
30 explained in detail with reference initially to Figqres
1 and 2 of the accompanying drawings. The illustrated
apparatus includes a humidity sensor 101, which has a o
sensitivity to moisture such that its impedance varies

in accordance with changes in humidity. Switching means



pry

the direction. of current flow through the sensor 101. An anal 0g swi tch 206 ¢

connected to one termnal of a 5 reference capacitor 103 provides
char ge-di scharge sw tching neans 106 for sw tching between capacitor "
chargi ng and di scharging conditions. $n order to neasure humdity, a =

reference resistor 102 is first selected by charge sw tching neans 104 10
conprising an analog switch 204 to establish a connection as shown in
Figure 4. 16&%c1&h@amﬁwéwit&%s ab8ahand 208bcpaogtddisabar ge

t chi t | t
3!“ Sﬁollmngl n gure zPef ﬁshn r]ﬁfs CO%%”%&Q&Q iqngSé?Ygf#nsga%é ?PEH n\e/c Icn?n -
the ref er éhee Hapretiian ADFYrReRtsBLoW through. the/osenger; b@ékng means 105

conpri si N driflidy 'detréH %eaérshz?é&mvwgomswfﬁfﬁélaés gonnected to
the reference capacitor term nal voltage V reaches an upper

t hr &éshol dnﬁﬁqrgjgcechapaq}tq;f Jt% Q%thi?%v%?%?%‘%? ?533 as shown in

Figure 7, svitohiinyimednf10ef@ntvosising béeweay etapasitiothe a anal og
switch 206,i s switch to.sel ect therbcfjsc arging ‘condition. At the tine

of dischar é’laﬁ:@u}%émr fdets&%r%ccq SH¥S s connect ed to a dischar ge
resi stor 107, astrsrumlen rtdﬁrq:pﬂsaxfe Mmdziiyyx he referemde vDéshgktoy

decreases 4 ;Q'éq fg&] t | ower

t hreshol d \\sj tage st %&{beag |nver %%g& %g%gﬁ%sfs own in Figure
7, fpe outemPIIsSisg e apRE HJodch 2heto e%e#-ablibﬁl@ @he anal og switch
206 is On%n%%t'loﬂ"ﬂatec'!ﬂioﬁzp ifelEdurda gi Nfhen | r‘tﬁé"&n&‘@d a 30 cycle of.

Count or 169 Ao R HiHb e ?rﬂa% haxaen %e‘\%;é’éc%yka‘dta%e%“%;i ging of . the
r ef er ence meamag| tseled3 aﬂwrchamy:‘mg fuon@nmmde&@restm;sh a V
connection.as shown in Figure 4. 1In thls condition, a
terminal voltage V of the. reference capac1tor 103
increases with tlme : Voltage Judglng means 105
'comprlslng a loglc 1nvert1ng gate 205 havxng hysteresis '
are connected to the reference capac;tor -103. .When the
terminal. voltage V reaches an upper . threshold voltage
V of the logic 1nvert1ng gate 205, as. shown in Figure
7 the output V of the gate goes to the level L and the
analog switch 206 is switched to select the discharging
condltlon ~ At the time of dlscharglng, the reference
capac1tor 103 is connected to a dlscharge re51stor 107,
as shown in Flgure 5, whereby the terminal voltage V .
decreases with time. When the term1nal voltage v drops (I
to a lower threshold voltage v of the loglc lnvertlng
gate 205, as shown in Figure 7 the output V .of the
gate goes to the level H and the analog SW1tch 206 is
once again sw1tched_to_select_charglng.euln.thls.way,
cycle of chargeeand_discharge.is repeatedlyngenerated.

_An oscillation frequency counter 109 counts the
number.of cycles of charging and discharging-of_the
reference.capacitor 103 occurring within a;predetermined

15.
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4 period of time-T. In this enbodinent, a nicro-conputer 212, conposed of
a CPU 209, a ROM 210 and a RAM 211, serves .as.the counter 109. :
ternatively, however, the oscillation frequency counter 109 may conprise

a Gelinter 5 circuit 901, which is re4settable by the m cro-conputer
212, as shown in Figure 9. This is conveni ent when the mcro-conputer is
used for multi-tasking. It may be assuned that the count val ue obtai ned

when the refeperéedredi tine To2 Is $&iscespoddmentioa micro-computeiun dity
sensor 101 Iszibencéﬁbsgteadolﬁyat h@ua@@bogaswma%naoaesmplmh a

cohnection as shown in F cyCle of char and dlschar I ng of
the referenceSeRP8si 88rt hg3cP§nFéﬁeip§d |R1Fﬁ§49£#§e@&y %tﬁ§
reference rezb;t:mlieﬁonlafr&qhenbydccza?gdetrﬂe.oﬁmay wupemsre‘ ayohatdrs
agai n counte r uter n tajned this tine
roy be SseunGirsups ROL, THBIARALE, e ResRab IS0 Ry HEuHicH Yotulel
direction of 2ha, caanehbwnnlanugarhuﬁ1d|Ehisen&omqﬂ&enlanﬁIﬂhenlﬁhaﬂ rcuit .
fop alternat em§§gggbeﬁgﬂ%5:' .OLEISFQ%dt ?Src ﬁ'l%:.-% ?:é.?lgec' fI'tC?d yy’bet he anal og

swi tches 208a b are contro e uency in the form
of a flip-flopsswsednthatt khe Fﬁéntmﬁaﬂ-ﬁﬁnphﬁﬁé-n@ﬁ wﬂ?@nhmedur@;es’@m 101

are a and b, {gspsebrveby. lgogegéctedcggvgnlence of explanatlon t he
directions of the cy

rept f ng betwe a.an he . h | sensor
101 aré0switched at *Bfe 9‘“&98?‘8 an(?RSr gBFrgléngh&Ps5ﬁ e émbi’h Swi t chi ng
function has ahaledvawiﬁgh Qb4atboedtabl&bhchr@bnnestdbnthsIsﬂcwnasmociated
o TEADNPLbtY $RESRFc1Blor ARaBhiRE! KA HiSRnNEYIREP o ke
reference capacitor 103 is repeated in the same way as.
when the reference resistor 102 was selected, and the
15 number of cycles is again counted by the micro-computer
212. The count value obtained this-time may be assumed
to be N .
The analog switches 208a, 208b switch the
directlon of the connection of the humldlty sensor
20 within the circuit for alternate charging portions of
the cycle. More specifically, the analog switches 208a,
.208b are controlled by a frequency divider 213 in the
form of a flip-flop. Assuming that the two terminals of
the humidity sensor 101 are a and b, respectively, for
25 convenience of explanation, the directions of the
K/, _ current flowing between a and b in the humidity sensor
101 are switched at every cycle of charging and
discharging. This switching function has the advantage
of £~voiding electrolysis or the like associated with
the humidity sensor 101, and effectively solves the
related problems in the prior art.
. The resistance value R of the humidity sensor 101
is calculated from the follow1ng formula (1) on the
basis of N, Ns, obtained in the above—described way, and

'\\vj.
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The resistance value R of the humdity sensor. 101 is cal cul ated fron1the
followng formula (1) on the basis of N, Ns, obtained in the
above-descri bed way, and 5 the resistance value R of the reference (™

resistor 102: [err] R = (NN)R : (1) This formula >
(1) will briefly be explained below If it is assuned that the charging. - :
time in the case of charging by way of the reference resistor 102 is T , .
the charging time in the case of charging by way of [err] the humdity -

sensor 101 is T , the discharging tine is T, the resistance value of the"

reference resistor 102 is R the resistance value of the discharge resistor’
107 is R and the capacitance of thé reference capacitor d 103 is C, the |

follomﬁng three formulae hold: T :-CR In [(V-V) [ (V-V)] nc lerr]
LT = In [ (V-V) [ (V-V % L H Td =CRc
. HtlLe | 7R HETEAREA CE2 WRE R} he d‘éhenreﬁsﬁgnsﬁ KegAStRE, 10R¢ fol | owi ng
formula is |ntrodqud =T gnpv(Jr + T) =N (T +. Txa)c s SC -d

e g stangn g 1, oo g sctar s sseatol i e S e,
Tsc > > Td Theréfnte;stmesﬁmedomhmg thenoharfshdstime in the o
case of charging by way of the reference resistor 102 is
T » the charging time in the case of charglng by way of
the humidity sensor 101 is T ; -the dlscharglng time- is
Td, the resistance value of the reference resistor 102
is R‘, the resistance value of the discharge resistor -;y
107 is R and the capacitance of the" reference capac1tor
103 is C the following three formulae hold:

T _=CR . & [(V-v )/ (V-V )]
T =CR . Zn [(v—v )/ (v—vH)]
T = CR, - &n (v /v Yo

In . ac¢cordance with the deflnltlons of N and Ns,
the following formula is 1ntroduced '
T =N (T Lot T ) = Ns (T +. T ).

- If the res1stance value Rd of the dlscharge
resistor 107 is set at alsuffLCLently small value in _
comparison with R and R_, '

Tnc > > Td, Tsc > > T4

Therefore, the following formula holds: - = ' - : | 'k_ﬁ
NT = N T
nc s sc
Therefore,
'-NR N R

s
This leads to the formula (1) above

Humidity sensor resistance value calculating means
210 incorporated in the micro-computer 212 execute the
calculation of the ?alue R.s from the fOrmulei(l) above.
‘The reason why N is first obtained using. the
erence resistor 102 is that the capacitance of a

()

efe

apacitor is generally apt to change with temperature
However, by using the reference resistor 102, accprate
numidity measurement is possible even if the temperature .



NT* =N T nc S SC Therefore, NR NRnN s s This leads to the
formula (1) above. Hum dity sensor resistance value cal cul ating neans 110

i ncorporated in the mcro-conputer 212 execute the cal cul ation of the val ue
R f6mthe fornula (1) above. The reason why N is first obtained using the
reference resistor 102 is that the capacitance of a.capacitor is generally
apt. to change with tenperature. However, by using the reference resistor
102, accurate humdity nmeasurenent is possible even if the tenperature 6
does change. The capacitance of the reference capacitor 103 need not be
stfictly neasured, but it is used as the reference for determning the
measuring tinme T. Hum dity determ ning geans 111 determine the humdity
fromthe resistance value of the hum dity sensor 101 as. cal cul ated by the
hum dity sensor resistance value cal cul ati ng neans 110. For exanple, a

tabl e 801 ofgd&si Shange.varHe 28gabibbfckY ofathehewierdnce)wapatitory be

e LA e 3 bl R Ty bellyt 05, TH20E 1 BeRAI S
havi ng char ardfsrehcesfas dbvepminihgguhe heasuring pdse M.e to determ ne
e Y oY oA Py agt OPhen SALC AL 18 deRe RiGEO TR ©f - The
ormul a for cal culating e humdity from the resistance val ue R of
the S huni dihymibdisyrfzom thearesdbtanse Raluepofpofhr humgdity
(2) sensor 101 as calculated by the humidity sensor
' resistance value calculating means 110. For example, a
table 801 of resistance value and humidity, as shown in
L Figure 8, may be stored in the ROM 210 and read from it
by the CPU 209 in a conventional manner. Alternatively,
if a humidity sensor as described below is used having
characteristics as shown in Figure 11, it is possible to
determine the humidity by executing a simple calculation
by the micro-computer. The formula for calculating the
humidity Rh (%) from the resistance value‘Rs of the
humidity sensor 101 is as follows:
Rh = P log Rs + 0 ' ...(2)
wherein P and Q are constants determined by the
characteristics of the humidity sensor. '
Figure 3 is a flow chart of the procedure for
_ measuring humidity. Measurement may be carried. out at
(% predetermined times or in response to an external
command. In step Pl, a decision is made as to whether
measurement by way of the reference resistance 102 (step
P2) or measurement by way of the humidity sensor (step
P4) is to be carried out. Since the capacitance of the
reference capacitor 103 changes with temperature,
measurement by way of the reference resistor 102 in step
P2 is carried out from time to time in order to '
establish the value of N accurately and thereby minimise
errcrs. If the temperature changes in the measuring
atmcsphere are small, such measurement need not be
carried out frequently but only on start up of the
apparatus. It is possible to repeat the measurement in



S wherein P and Q are constants determined by the characteristics of the
. humdity sensor. Figure 3 is a flow chart of the procedure for neasuring
. humdity. Measurenent may be carried out at predetermned tinmes or in —
{ response to an external command. In step P1, a decision is made as to = %
whet her nmeasurenent by way of the reference resistance 102 (step P2) or
measurenent by way of the humdity sensor (step P4) is to be carried out.
Si nce t hestapa®i2t severafl tthimesefiey emden:ana(emmndé)a:mélaﬁmumﬁ@

t enper at uge: %i;tJr% n%l{@th‘&y oq:f r't't %fear%el k}e]ls% Séﬁ/a n step P2 'S;

carried odt Arom
accur at el gdesagminedelipn witepriESs erInnrad:epa‘ Rmeartderfme,r dthe mlmrbeuﬁs in the

measur i ngNagﬁasglgebe e lg_@alzl e%‘t‘etqq%acﬂir?% &e&% garried out

frequentl but on on start e apparat us 'S pOSSIb|e to
peat thglﬁéaguﬁéﬁeﬁpﬁaﬂ-ned PYstthie micyangomputates i GtRR B enhance

’ tj he rreasuthagraeewcaetee iad ueh @Ifh @heO huRiid ity SRidr tih S Opé I ﬁlrst Ifs .|_

et erm ne n_ste n_steps nu rs an of cycles
repeat ed aF?ﬁFﬁuf‘ & pr eﬁéé’t':@r ﬁtpﬁé’d'fé'carﬂyt'l ﬁé‘%’%’r‘@% 1|rjed“by t he

m cr o- conpaflenlated.st Afte, thbereeas&bmmmevedhmeoﬂ:ﬁHuaHummdﬂﬁgrsensor ‘is

deter i NegensolDie BAICLALERH.Y creBudeTiy? (clhdct SR Apcheeff ter the

resi stance val ue of it y 'sensor - i's “ca y is
detld® mi neBéin step 10 P6.- Since the counting of pulses, calculation of

the formuilae (1xsapd €Rb %Bﬁn't‘iﬂ@* 1B, 003 1R ¥ i3] g by known
technlque§o de alled exghaq i ons thereof wi'll be omtte

1) a ‘and reading of ROM data are carried
out by known techniques, detailed explanations thereof | {;}
will be omitted. _ _
15 - . A method of producing the humidity sensor in

accordance with the present invention will briefly be

described below with reference to Figure 10. -
On an alumina substrate 11, a Cr comb electrode 12

is formed by sputtering, and at the portion to which a

20 lead wire is connected; Au,- NiCr and Au are further
sputtered in that order. In other words, the electrode
12 comprises a first sensor_electrode portion composed
only of Cr, and a second sensorlelectrode_portion to_
which a lead wire is connected and'which comprises'a'

25 four layered portion composed of Cr, Au, NiCr and Au o
laminated in that order on the substrate. A porous S &_J
silica film 13 with carbon particles dispersed therein
is formed on the first sensor electrode portion as a
main moisture sensing film. | | _

30 By way of example, 1300g of ethanol and 240g of

0.02 N hydrochloric acid were added to 270g of

tetraethoxysilane.(Si(OCZHS)A) and the‘mixture was.

stirred for one hour, after which 76g of glycerin and 8g

of silica fine powder were added.thereto, the_resultant



»

15° ' A met hod of producing the humidity sensor in accordance with

the present invention wll briefly be described belowwith reference to
FL82¥e 10. On an alunmi na substrate 11, a C conb electrode 12 is formed by

ering, and at the portion to which ag20 |l ead wire is connected, Au,
Ni Cr and Au are further sputtered in that order. |In other words, the

el ectrode 12 conprises a first sensor electrode portion conposed only of .
Cr, and a secqmﬂk@@ﬁé05e£ﬁ§0§f99§e@0fér090tﬁlﬁhtéb a Tﬁéde&ftérl53cagn60ted
and whi ch qgélses a four-lqéeig Bgrtlo E g a

and Au | ani nat §9F%Yﬁﬁe% CRFDOR, 2% BsPF afBroo SWEFFI aHde Pn113
with carbon pard cties mﬁxmwrsedash@tfrﬁedsaﬁdru&draasbhéc&liyt sensor

el ectrode port n 3 of
exanpl o 1500 b eisda (RA [UhE! © 28T R0RY, RF Bb1Dhere proagcsly i )
to 270g5of tetttaaatsmswa}armqS:meortmo;l'ayidwaaemaaauueé wabesresndysf or
one hour, afte %ﬁ&wﬂ% Qfalgié(cfngihaﬁﬂesgoﬁf aéhkb&é bi 8¢ B wder were

added t her et o, resul tan xture elng tirred for m nut es.
Thereafter, 3WRLGHthetiMatis eleaprizem Tapl Sf1can9nV§FééR195rénadded

and the ”1XtUWis%E%£%yrwé§'é@E&L%ﬁéPQSOHF§£|b&mﬁaiﬂébﬁ?dtﬁeraﬁobﬁurof 25
| ots of sol were .produced, i t he vi sc

neasured. The q Pparti (??Fﬁ%ﬁﬁ%aic?¥ﬁxPh§n?oﬁFﬁaﬁ?ngi i%%yﬁﬁ
wei ght) 10 As|vanieduaﬂdcthé%&ﬂsnds1tyewasrmeasunedn vibBeoresylbasavery

S| For OIS Wb 'y ML T GAEDRNCRE" LhshRe LRCELYAbR] carbon and

carbon bl ack) Was e VIscosrt results
are al so showpantirles was \irerthé crampe nef ot taré%nbﬁaweﬁ-ghﬁs ﬁhg in the

ranquof 1 to Apmdaneisitscd Reas good.

15 B Table 1
) ~ Amount of carbon particles (wt%) and viscosity

Carbon Viscosity (cp)
particles
20 (wt%) Average Maximum Minimum
2.5 102 | 106 99
1.0 | 71 73 - 70
.25 |
o/ 2.0 83 95 92
3.0 156 160 153
30 4.0 308 | 310 - 303
6.0 673 859 320
(unstable)




reproduci bility was good. 15 : Tabl e 1 Anmpunt

of carbon particles (wt% and viscosity Carbon Vi scosity
(cp) particles 20 (Wm % Aver age Maxi mum .
M ni mum 2.5 © 102 9 106 99 1.0 - p
71 73 70 25 2.0 93 - 95
92 3.0 156 . . . 160 .. .153 30 4.0

308 310 & sql-coqﬁi}qigg 2.5% by.welghgﬁqﬁ_carbon 859

320 (unst phkeliclesdad applded aolivie 2Rnina wildérafe cat beneparticl es as

7
*

AT coat| ShC SARFORR 12 TAAER (haliach P T SOAERGe I nrer ca ar 4s0”

C5 fdried mtnllto@sc oy dify milmuxties repd heaspcsmjsexsed ata 4_3.0°r¢ 13 with
oDt on sor- 38 mdnSReLieLrdiehy, Bk ihdhrh U ot Mty ™
hydr ochl ofBcWa&hd cegbon BFF@ﬁ&i@s dispergathdhenqidnas dihe Madn t he ni xture
Fesul et e e O T Pots ot niad sl o was_appi ed
Lo the main moi & SPSUEIAS: HES PEAPEFes) Y PALBAY o, Ttk % SKPARRE C For 30
m nutes aandl8ml ofi Otecel aydfehdoriG fawidGorislints off hereby forning a
ch €| W eRhPat S A, BRUSRIEE R ot R L] o1 ve ety
: adding 10 g of silica fine powder thereto and stirring
the resultant mixture for 30 minutes. The thus obtained
solution was appiiéd to the main moisture sensing film
13 by dip coating, dried at 120°C for 30 minutes and
15 sintered at 400°C for 20 minutes, thereby forming a
’ silica film 14. : o o B
In the thus'bbtainéd"humidity'sensof,ithé'relative
humidity and the logarithm of the resistance have a
_ linear_relationship,”és shown in_Figurefli; and the
20 measurement of humidity.is possible by éimple
calculation, as described above. Since both silica and
carbon are cﬁemi@éily véry stable, the moiSture sensi-
tivity is unlikély'to change with tempeﬁature, so that
'satisfactofy'resﬁits may be obtained without providing a
25 special_temperature'compensation circuitl'_In addition,
since the electrodes are formed by sputtering, it is Q.J
possible greatly to reduce the gap between the
electrodes and to limit the resistance value of the
humidity sensorlto'a'very'Smali Galue. EThﬁs; a humidity
sensor suitable for practical use may be obtained.
The deScribedzhumidity sethr has-a'structure

30

wherein’a'pOrouS_S“lica film with carbon pqrtiéles'

dispersed therein is formed on an’inSulatiﬁg substrate
and wherein the substrate has a multi-layered thin film



| ihear rel ati onshi p, as shown in Figure 11, and the 20 measur enent of
hum dity is possible by sinple calculation, as described above. Since both
i I""ca and carbon are chemically very st e, the noisture sensi- tivity is
unNkely to change with tenperature, so tfat satisfactory results may be
obt ai ned wi t hout providing a 25 speci al terrperat ure conpensation

circuit. %rdl.g'crt&%ﬁe §|°q.ﬁlt%ﬁi Q%e‘ijeg: tro%ﬁ«{%}eer f Uit v Sidd fég.r NEor it is

p055|ble grea y t0 reduc e ¢ ectrodes and tolimt the

resi stance vakthe bﬂmﬁétwuﬁiﬁ@lspf @@lﬁg@rlrt &he \i@mpedangde VAHiRS iMnys, a

huii dity 30 ac&%aahc%uwl%' hadigeld’ a¢ iIRMidiey e bﬂgﬁot@pmaﬂm
descri bed hum d|t s nsqQr as a strycture wherein ous silica filmwth

carbon partick@st th aeesRning @rﬂﬂ?(fa(fd“%r?aﬁ REGRF S ubstrate and
wher ei ng t he stilhséh&h.enhas a multi-layered thin film 10 el ectrode forned

th Ho { t f th

| rrgtragggde va\ere‘égrl n%gfg%ﬂe%a:]ggl \lﬁrhfers] dg%gr#d‘gj *Lgapfyéa}oltl%;n:l% \zg]g(r)eiagpl | gabl e
tolt he huni di ppssdhder itogusppar smad lofs itZee nelagermnd othex wwifichyin

Further, in tpe.fleqes Bed %[W%ara%ta‘i%go sb:ht%h%ssddli etd, U ahééf%éarﬁé ze

rel ay and ot her SWi tchimn e anal og sw tches 204 etc to use
means ot her tRihegh&ban Shel &3 ipoE lope fote fleh Sreauansr divider 213 o

swi t ching thefétcr gc:tlltam% e’ a&trefdt%d b RRadrEAY 16w et Ghe and to use

a conparat or or _the voltage judgi nmeans ,105. .The descri
enbodi nent of gﬁt‘ﬁg FSPF&J&'n&nng"Qn %ﬂ\parator eleng it §C bt ans
for sw tchi ngvblieager gadgingoinehs G.la)r5rent flowin the hum dity sensor are

provi ded, The described embodiment offers the following
. advantages: _
15 (a) Since means for switching the direction of

the current flow in the humidity sensor are provided,

there is little change in the characteristics of the

humidity sensor due to electrolysis or the like, and it
is possible to measure humidity accurately over a long

20 period. Thus, humidity measuring apparatus having a high
reliability may be realized.

(b) 8ince a porous silica film with carbon
particles dispersed therein is used for the humidity
sensor, accurate humidity measurement is enabled in an

25 atmosphere of high temperature and humidity.

(¢) 8ince the moisture sensitivity of the
humidity sensor is stable with respect to changes in
temperature, the need for a complicated temperature
compensation circuit is avoided and so the structure of
the apparatus is simple and the cost thereof is low.

(d) since the humidity sensor has a moisture
sensitivity in which the logarithm of the impedance
varies linearly in accordance with changes in relative
humidity, the adjustment.of the apparatus is very easy.
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there is little change in the characteristics of the humdity sensor due to"

~electrolysis or the like, and it is possible to nmeasure hunidity accurately

over a long 20 period. Thus, hunidi&y measuri ng apparatus having a hlgqlg
reliability may be realized. (b) Si ncédla porous silica filmwth carbon
particles dispersed therein is used for the hunidity sensor, accurate

hum di t t f Ri t :
and hum dity. (o] S5 nBEnEReonbter Paas EREPRPG: FIISE ERESH IR fPensor | o
st abl e wi thumidheytsensenangee chemdgpdlyt wveay smebﬁeed lopg &egonpl i cat ed
tenperatuqgnﬁgfp@ySﬂéég@rg%éﬁEein|gnagﬁhgggpggg % hﬁ? structure of 30

t he apparatus IS Si cost ere Since the humdity
sensor has %PPEF%Y%F% %%@sh?ﬂ%?%?Y}nWRhFthPﬁeprsyappﬁﬂﬁl§ﬁu§ﬁé i npedance

variges ||rmséypwbmm9;daayebm dbhglasges in relative hum dlty, t he
adjdgtnent of thF p iS. Vv % Si nce nd car bon,
whi ch constitute fﬁegﬁ% ??ﬁngeﬁé%ramgﬁgtcﬂg nFeEPPy 98F§ ﬁﬁl R |ong term
hum di ty neasm&emswa mmtenialnuﬁphbeemalnhmghstanpesepsiagaﬁdlhuufdlty, '
whi ch has gy bi’tgam%?:?oé‘? 1969% PE tHEX h¢ B b%(@ﬂﬁé(ﬁxe By setting

t he anDunt 0 car on es In a so naterl MBI N noi sture
sensi ng fighAxACteRiFhinsef %@%s%@laﬁrﬁomaﬁﬁrétﬁhaﬁ 4emnByiteight, the .

char acterlgfdsﬁ&:pé theosedinr £ mdfdféﬁbéénsaﬂdhahhg 4ablepossible to
obt &t a humt%qgésensor havi ng st abl e noi sture sensitivit t her eby

redu0|ng BRI I G c bRy FREURLAYIRRY ﬁ%ﬁEE%Fﬁ §Bppar at us.
Consequentilry addwerdew et i the |mumimweﬁeaseﬁlmgrappsrdeﬁetl bed above

provi des a hum r ratus_at,.a low.pric mhlch is
capabl e of accdﬁﬁé§égﬁ§ﬁii éh 1nv£§@' on in- lts prefgrreg fo

as described above provides a humidity measuring: - o/
apparatus at a low price, which is. capable of accurate '
humldlty measurement over- a. -long perlod
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hﬂniaity nmeasurenent over-a |ong period. 20 25 30 * C L M

LAI MS 1. Hum dity neasuri ng apparatus conprising:. a humummm

ha¥i ng ‘an i npedance which varies in accordance w th changes i mﬂn{,’””m
meefis f or generating a signal indicative of the inpedance of- t he

hum dity sensor, means for calculating the humdity from said |nd|cat|ve
si.gnal, and neans for periodically switching the direction of current flow
through the humidity sensor with a variggble period. 2, Appar at us as

claimed in claim1 in which the 10 si gnal generating means conprises a

ref erence capacitor having a predeternined capacitance, voltage judging

nmeans for judging when a term nal ¢val mageMfs t he reference capacitor is at
a high level- or a low |level, and Charge-di scharge sw tchi ng neans

* 12 C

responsive to an 15 out put of the vol tage judgi ng neans for controlling
chargi ng and di scharging of the reference capaC|tor . Appar at us

as clained4n cl gﬁﬁ! aq,'fg{? ﬁ;ﬁ.@s urt her -
conprises a refe?@ﬁ%%d?g T@F%?ukqéﬁﬁg pre eterm-ne |§{ance val ue, and
20 char jumifl i €hi AgnEeEnbavings ane diMpedancsy Wdah tpriesdn t he

reference rRPGE@AnCe WiehheRasges ienwm\aﬂﬂyth&arﬁ egce capacitor.
13 generating a s1gnal indicative of the impedance of the
5 humidity sensor, means for calculating the humidity from
said indicative signal, and means for periodically
switching the direction of current flow through the
humidity sensor with a variable period.
2. Apparatus as claimed in claim 1 in which the
10 signal genefaiing means comprises a reference capacitor
having a predetermined capacitance, voltage judging
means for judging when a terminal voltage of the
reference capacitor is at a high level or a low level,
and charge-discharge switching means responsive to an
15 output of the voltage judging means for controlling
charging and discharging of the reference capacitor.
3. Apparaths as claimed in claim 2 in which the
signal generating means further comprises a reference
resistor having a predetermined resistance value, and
20 charge switching means for selectively connecting either
\) the reference resistor or the humidity sensor with the
reference capacitor. :
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ratus as clainmed in claim2 or 3 in which the signa

I ndi cative of the inpedance of the humdity sensor conprises a nunber of

e

¢l af nst 2

charglng cycles of the reference capacitor occurring 5
rm ned period. 5. Apparatus as clained in any of
i'n which the periodic switching nmeans is responsive to an

out put of the voltage judging neans for switching the direction of the
10 6. Apparatus as clained in any precedingclaimin
whi ch the hum dity sensor conprises a nmulti-layered thin film el ectrode
formed on an insulating substrate, and a porous silica filmwth carbon
particles dispersed therein forned on the insulating substrate as a

current fl ow.

noi sture 15

sensing film 7. 13 Apparatus as clained in claim6 in

whi ch the porous silica filmw th carbon particles dispersed therein
conprises a sol containing not nore than 4% by wei'ght of carbon particles.

20 8.

Hum di ty measuring apparatus substantially as herein

particul grl v descr bedoutLbatGEoB8NeTaed dn b ldint % (¥ o' i the

~acconpanyi ng draw n
which the s1gna1 1nd1cat1ve of the impedance of the

humidity sensor comprises a number of charging and

discharging cycles of the reference capacitor occurring
5 within a predetermined period.

5.

in which the periodic switching means is respon31ve to

Apparatus as claimed in any of claims 2 to 4

an output of the voltage judging means for switching the
direction of the current flow.

0 6

Apparatus as claimed in any preceding claim

"in which the humidity sensor comprises a multi-layered

thin film electrode formed on an insulating substrate,

and a porous. silica film with ‘carbon particles dlspersed_

therein formed on the 1nsulat1ng substrate as a moisture
15 sensing film.

7.

Apparatus as claimed in claim 6 in which the

porous silica film with carbon particles dispersed
therein comprises a sol containing not. more than 4% by
weight of carbon particles. e

' Humidity measuring apparatus substantlally as W/
herein particularly described with reference to and as
illustrated in the accompanying drawings.
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