1 2220074 "HUM DI TY SENSOR' The present invention relates to a humdity
sensor. Areas in which humdity neasurenent and humdity control are
requi red have recently been increasing and 3 ~ the inportance of a :
hum dity sensor has been reé¢ogni zed. There are ESQZEggnhqn%dity sensoyis 4 or
detecting hum dity as a result of a change in t

of an el enent in consequence of a change in the humdity of the environnent

around the sensor. 10° Thus thereygﬁﬁlnigy gﬁﬁggga, electrolytic,
metallic, polynmeric and ceram c hum - |1 these hum dity
sensors ‘have been cl osely studi ed. Anpbng these sensors, polynmeric humdity
sensors and ceram c hum dity sensors have been put to practical use. Each
of these 15 sensors-utilizes the fact that the resistance or

el ectrostatic capacity of an el enent changes when the el enent absorbs or

desorbs noisture. A huphdipyesentointentioheeblageBUtbdat Yumiddtghange in
the resistance of_an el enent which corresponds to the humdity of the 20
environment is cEFPRYF a resi stance-change type humdity sensor and a

hum dity sensor for detecting humdity by a change in the electrostatic

capaci ty of an el ements ylh gy §OpRESRORGA; APy Nfe LNy bk e Chnk GufYIRGN TNt
is called a capacitance-change type_hum.drtysensor, ) ) dy of
the prior resisteortrehapte regelredi bave regepkdyhheensiBrrgafigy an

resistange at a Lo {FbPtaNcéd gt Al nbAiATRPSSeRSB ! AaEPRERAC rdckyiized.
hum dity wth high accuracg. In order to obtain a hun1d|t¥ sensor ~. .
which is capabl e of nebReFf RELUERTACHRE Ghupddityafepsors for detecting

humidity as a result of a change in the electrical
characteristic of an element in consequence of a change
in the humidity of the environment around the sensor.

10- Thus there are, for example, electrolytic, metallic,

' polymeric and ceramic humidity sensors, and all these
humidity sensors have been closely studied. Among these
sensors, polymeric humidity sensors and ceramic humidity

_ sensors have been put to practical use. Each of these

15 sensors utilizes the fact that the resistance or
electrostatic capacity of an element changes when the
element absorbs or desorbs moisture. A humidity sensor
for'detecting humidity by a change in the resistance of
an element which corresponds to the humidity of the

20 environment is called é resistance-change type humidity
sensor and a humidity sensor for detecting humidity by a
change in the electrostatic capacity of an element which
corresponds to the humidity of the environment is called
a capacitance-change type humidity sensor.

25 Many of the prior resistance-change type humidity
sensors have such a high resistance at a low humidity
that it is impossible to measure a low humidity with
high accuracy. 1In order to obtain a humidity sensor

Y4 CAl characteristic



wi th high accuracy, special circuitry and a special nounting technique is
requi red, which has the di sadvantage of invol2ving a hi gh manufacturing
cost. Ln=5 a general resistance-change type hum dity sensor, the
Iogarﬁthq1of t he resistance changes linearly with respect to a change in

relative huniditywhich He |capable pfi negsvaing Isvghr iat high F@Fistance s

capabl e of COWpenSﬁIﬁH“%fdhe a'c'c‘&%'i:‘yt,YSpb'&lﬁlprd:&rcu*l‘t@yd'afrﬂd %e%iﬁrcz.aib.o
however, the linearit bad.and in order to produce.a hngPé accurate
é"f’r’ﬁ& q

hygroneter a com¥q EecbRiane d&nperidEes 1385 uired. It is
often said.that i disadveintiageco£ciarved viinge ahtitighi mnﬁimurmﬂga dastgel‘lnt he

rate of chapge in _the resi.stance betwee | ow_ 15 i_gh
hum dity, ﬂe hlgﬁbﬁqﬂﬁgaéeﬁﬁsﬁﬁ§99fe ﬁgﬁ@@@rtyﬁﬁbﬁgglﬁﬂﬁggne er Vst e
produced, since |uoganmtmh<DEIthEOIEEhseanceheh@ngeﬂ<1ﬂnaq;dyoﬂi¢hneasuring
circuit if thera [ Gh [ esi b Io dity and
ect"¥08 hahliR 15° NI HAM LY .| O e ie

a high humdity i arge, t e change I'n the
resistance at a rdlimsardtiyudisdigopdof a0 logarddtumis am@duf@mg i§ Capable of

~figures. In a priqy #ggﬂﬁ%f%wm@m%ﬁr 23 o Prdol Hilidaeyl Sehdiis

and in order to.pro e a accurate gronete speC|aI C|rc |try
and a speci B noufoweyeTactiiegddnearity iiscdad pady l@aﬁi

hum dity-sensor, @h l'y*‘%dutr)étﬁf g@bﬁq&&%ﬁ nael&ﬁfquamudc lcmm:i.tty Wit h
respect to relative ity is

accur at e hygr onet &°™ P&“é&?ﬂ'l%&lié'&uiiltngirl : order . &ﬁ{}oﬂﬁﬁ%g&% E"]'h[a
required. Mny cadma mmwamgpetlmn diumi ddidrys sensioxye taepd.@rger
b by i oL R D gl bl oA e REE Y Sk 1,01
15 humidity and a hlgh humidity, the hlgher the
‘sensitivity. However, when a hygrometer is produced,
since it is difficult to achieve the dynamic range of a
meaSuring'circuit if the rate of change in the
resistance between a low humidity and a high humidity is
20 too large, the desirable rate of change in the
resistance at a relative humidity of 0 to 100% is about
one to three figures. In a prior humidity sensor,
however, the rate of change is large, and in order to
produce a highly accurate hygrometer, special circuitry
25 and a special mounting technique is required. 1In a
o . capacitance-change type humidity sensor, the linearity
N\ of a change in electrostatic capacity with respect to
relative humidity is bad,_aﬁd in order to produce a
highly accurate hygrometer, a complicated linearity
30 compensation circuit is required. Many capacitance-
change type humidity sensors have a poor stability at a
high humidity, so that it is impossible to measure 2
high humidity with high accuracy.
| In a prior humidity sensor, the temperature



3 dependence of the npisture sensitivity is so large that a tenperature
conpensation circuit is required. If the tenperature dependence of the
noi sture sensitivity is .represented by a s?nple function, the tenperature 5
conpensation circuit is not so conplicated. In a prior humidity senspef’
however, the tenperature dependence.of the noistyre sensitivity is_pot-
represented by EQEFHEFECFuHSttgﬁ gﬂ&sguﬁﬁnﬁﬁFE&%éangnbﬁrﬁPuh8¥88nﬁgﬁgation
circuit is theref@Bapeequpredcbmpendatibn pigdude aslPequbirghly aAfcthate :
hygromet er . HOWEfber ARk AbEAnkBACk *OECE ARG 1 SPHRENSBhEOR 1 GLEGULE MY

nper a elna ich the_

be, conplete te ture conpensation I's IHEQSSI place a
change in tenpergPErEensefapycadgimpbeafunrrépBncEhpntempRFaLUresponse

bet ween t he hU”Eéh?&n%ﬁtiOﬁ?&i?&uiEdiéhﬁoﬁegBeééhBl§c§€€§9rIﬁraapQEEEerence
in the Iocatlonﬁ of .the hu sensor and the teggerature sensor. Tgat

is, so long as idity §eg%g%;¥aPﬂFgeHepEHGeﬁE@PS tHeendepensence o
sensitivity of ghBusibdstuMrecsensitaottyais hoti depresAGEACHyNE ESmple
i npossi ble. 20 . As_described apove, . in th rior art. [n order to
pr oduce a high|§uassa99tsnﬁyarSH@Pii?aéﬁéchwpeFﬁﬁa??r9°§nan§atbaeia|
nmounting techni giecudtr équthedefanrd sequiredghnsbrlierabd prbdugetane are
pum ity Sonsor BAgRTZF SEELERLR HraPthkeer® pbUByHY TLONRY1SEERE cnd 011 07 2
hum dity sensor tempezatiireonompansationr cirgudbrmayelbef ocompdetercuit is so
oy e Tory. SheBPUERELER cbApBERaESn 1k OSapbRASp I bvpHaRpokecr ven
reliability detwWhigRathe ghamngei 4R temperature ifdlargegBuAuRPddty. The |
deterioration igipgetefidbaihytierkiall ¥esPonsePBEtwbanather Banigieg! vent . \J
Some ceraflc hugLdity $RASPhS BLApBLa¥hfe sthslr"68" 2 d1FE2PEnES" in the
locations of thé humidity sensor and the temperature
'sensor. That is, so long as there is a temperature
dependende of the moiSture sensitivity of a humidity
sensor, accurate humidity measurement is impossible.
20 As described above, iﬁ_the prior art, in order to
produce a highly accurate hygrometer, special circuitry
and a special mounting technique is required, and since
high skill and a long time are also required for
inspection and control of the humidity sensor, a prior
25 humidity sensor cannot be easily produced,.resulting in
an expensive-humidity'sensor. In addition, the electric W
power used for the circuit is so large that it is
impoésible to produce a long-life humidity sensor driven
by a battery. _ ' ' '
30 In many polymeric humidity sensors, the
reliability deteriorates at a high temperature and a
high humidity._The'detérioration is partiéularly marked
with respect to an'organic solvent. Some ceramic
humidity sensors are provided with heating means for



4 restoring the properties of the sensor by heating it several hundred
degrees (about 300 to [err]) every predeterg ned period. The heating neans
can reduge a change in the characteristics withtime, but such a 5

hum disy, sensor cannot be used in an environment in which a combustible gas

or dust exists beeateritkertheh W&ebso@%h%dsh@ls@rh&ﬂhhfeﬁ'ﬂl@@amﬂe

t here |sta da?gersgg&elr%gt I05| o e%r&_ %&f |(r& éﬁ?@ %OV\%%OOICI) |ers"§\r%_o
exaggeration to %Pﬁgf m ng
satisfactory. pr omede&emneﬁeppm&nt That hea:ftihlgem‘elahs Aanoréidure @ t he
present inventio Q. h I ty NSQrC npr|5|ng
a support of insula Eﬁbqﬁh?g%igpskgfggglggég% w@ %e f@ﬁ Sl %
support;3 and a poumidi%ly iseasprl eannol b&rbs#dpantaulegvdmgpmﬁgsdlmhereln

uhi ch 115 Provi dedaRyl e cBBBtlEtd Sl rORLALOUMISL s HAaR gfﬁa@t the

portion of the electro es rsilica
provi ded 20 sen§oThd ss hegtedr (sesashngaatsmamesusp@rs Ay ap

constituted by agdange atfl a8 auPlbeiba off herae. vqhytntieew& p@.'tt 1eano

conpri se an insul at n traté ha port fil
e eon. The o1 SERRTIRIEIAN RD BOT.GOSE FRETe: LrPoe MG LAIGH: S88RFcct |

on the gypport fhawingheatisteetory prbpertiesmin hhenpiesehtaktateactyl ass
or are ractory ﬁlck The el ectrodes may conprise a pair of conb 30
el ectrodes. The BF&des may be made, at | east in part, of Au, Ag, Pt, Pd,
Cr, or an alloy thereohccerﬁangatbvth;,prbseateinwadeionaythereade of

[err]. therefore provided a humidity sensor comprising a
. support of insulating material; electrodes provided on
15 said support; and a porous silica film with carbon
- particles dispersed therein which is provided on the
support so as to be provided about at least a portion of
the electrodes. S '
A further silica film may, if desired, be provided
20 . on the said porous silica film.
The support may be constituted by an insulating
substrate. : ' _
Alternatively, the support-may'comprise an
“insulating substrate having a support film of silica
25 thereon, the electrodes and the porous silica film being
mounted directly on the support film.-
The insulating substrate may be. made of alumina,
glass or a refractory brick. .
The electrodes may comprise a pair of comb
30 - electrodes. :
The electrodes may be-made,at least in part, of
Au, Ag, Pt, Pd, Cr, or an alloy thereof.
Alternatively, the electreaes-may'be made of Ruoz.
The electrodes may have multi-layered lead



The el ectrodes may have multi-|ayered | ead 5 portions for connection to
| ead wires. Thus at |east one | ayer of eaclg | ead portion may be fornmed from

Au, Ag, Pt, Pd, Cr or an alloy thereof, thé remaining part of each ~- C
el ectrode being made - of Cr. 5 The present invention enablgest he

production of a gusdirsy ﬁﬁnwndé@ﬂz% '%'ogh.e%‘aCWL%@é ARty @t NRlalsdbicnd ¥

whi ch is capabl suring hum in a wde ran mnth hi_gh accuracy
and the charact Zl,qyse[:l' é% (ﬂa%ll(ﬁ?dd@q'%:ti"@ef’@rl’ &8t firom,

emt/)i ronment . 1|0 Pt, Pd, Cr A% tdie alloyl &hmo@;bwitmmgammwmm of
Substrate, a g ct rick substrate are
preferabl e fromaet%r?éx ;)é(t)i%%{t%g ?%\ﬁ%é %\aglae z?g)qut)y and mass productivity. In
t he case %f using a gI‘I:iIES Presentatinveatdion enadless &mmﬂmp lof @sed

\glhggt rlgdes g?;t Mlera |y Co%rega% ogﬁg eacﬁ?y.yfac&gl gh gl gl;led as if

to have teeth ofrediadidity Mhd@h tl(s capadbde of messurimge mwnd:é:mmn @ty

sensor. As indi Qﬁ] ralc@uzfaf gZQnd th"ea@ﬁa‘ila%ﬁzferﬁ%‘%l'c% of
preferably a nmeta seletedfromthe rou onsi st 1 ng Ag, Pt, Pd and

Cr, an alloy coftdich ﬁé’lﬂn da éctsédet"-l?ete@f"r’-&ﬂmﬁ“t[ err] -
I n order ygo inprove ”A% a;di%es.lr@ma&qh Shbshgatesulad ialamimas sulist radle, the

e supbor 25 gt e IS ) PR

formng a O el @n:terf@tahme Elmm the poing fbtiest mforreﬂlicahsmntqraasxdpport

I Ihlempa?pde hgreg‘\%rs?dg’?wé‘&%t &ﬁgglhr%n @% gér %isg'%:?;%g lfél east for t hlen‘

portion at whiclsubis¢éradequ@ silica glass substrate may be used when o
15 particularly_high_rellability is required. '

The pair of electrodes are preferably comb
electrodes each of which is designed as if to have teeth
of a comb in order to reduce the resistance of the
humidity sensor. As indicated above, the material of

20 each electrode is preferably a metal selected from the
group consisting of Au, Ag, Pt, Pd and Cr, an alloy
containing at least one element selected therefrom, or
Ru0, . In order to improve the adhesions between the
insulating substrate, or the silica support film

25 -  provided on the insulating substrate, and the
electrodes, a multi-layered electrode may be provided
by, for example, forming a Cr electrode on the
insulating substrate or the silica support film, and

-then forming an Au electrode on the Cr electrode.

30 In the pair of electrodes, if a comb electrode of
Cr is used at least for the portion at which the porous
silica film with carbon particles dispersed therein is
formed, it is'pdssible to improve the adhesion between
each electrode and the porous silica film with carbon

&/



silica filmwth carbon particles dispersed thereinis fornmed, it is
possible to inprove the adhesi on between eacl.el ectrode and the porous
silica_fi:lmw th carbon 6 particles dispersed therein, and if a

mul ti -hayered el ectrode produced by providing at | east one |ayer of an

el ectrode of a nMetRlrt310s! adsbeddehengrayn ,cand ¥ aImeflitAtlad@red , Pd
nt sel ectied therefrom

d o I ' | 5 |
on a G el oct T odo SLEEENS BLORBCHS, BYORTEY 1A 55 [LBARCCPE L8 Y8 5. A

t he congect i on OL eleetirode \&f;a methdciselleated Fxdn hher grcap lconsisting
I mproved. A hum di ty ,sensar t resent inyventi L t .
conductivity to f O eﬁy'véﬁy %}'v%ﬁy%ﬁg ?ﬁé°Eb§$9%93§ﬂ3?%§kgéﬁé%ﬁ Sgrp%gﬁéé
di spersed im. t he pmneoedemenitcselieciedr therefirorkoasa 6 electaodes isi used
The linearity of c LR resi.st L.t R L ; i n
relative hunidity%FhS?%$§P5Q%§®bE%%%gggg&%angagfﬁ@g%iEglgcﬁggggggés;hfo
neasure a | ow hunicdinnectiiionh ofaithes lead wigiestisnfacddlitatedudngd thesensor,
it is possible tof@%?%#fii% ;4 YhordvagM de range with high accuracy.

D bét

Al t hough the rel ationshi ween The relative humdity and the Iogeri hm
of the resistance i's |i Rehumidifypsessoroof thespresedd dRYSHEicR,gnables

hum dity segsor, ivhd R@ndtet ¥ty ety vatgNbyoRarying aheo content e
to produce a hum dity sensor having.a_linear relatjiqnship between t.he
rel ative huni di ty SfndhenSardons Pak °J-;?scgr'hslp(?lrlsi lf‘hézhl%oﬁ"é'r?[usois%ga
carbon particles @idn oz theckhitknesst bt The porousu€idm.i cThe llinearity
Pl 1 er | addidh 8n CREFE. s SRERSaP A, P e JERRSSSe o & rlire dn
seQsitivity is | owelattisepdumidiéyc dinerefarieobegiomes Goed, BaIiSIFaes dfF
wth. S ncelst he C%b%%sl}aﬁ:% Heasu?eda 1ow humidity which raises the
resistance of the humidity sensor, it is possible to
measure humidity in a wide range with high accuracy.
“Although the relationship between the relative humidity
and the logarithm of the resistance is linear in a prior
20 resistance-change type humidity sensor, in the case of
the present invention it is also possible to produce a
humidity sensor having a linear relationship between the
relative humidity and the resistance by controlling the
content of the carbon particles and the thickness of the
25 porous silica film containing carbon particles, thereby
dispensing with a logarithmic amplifier. In addition,
since the temperature dependence of the moisture
sensitivity is low, a temperature compensation circuit
may be dispensed with. Since the carbon particles and
30 the silica film are chemically stable, the
- characteristics of the humidity sensor do not
. deteriorate even in a severe environment. Thus, a
humidity sensor of the present invention is usable as a
high-accuracy and high-reliability humidity sensor.



30 the silica filmare chemcally stable, the characteristics of the

hum dity sensor do not deteriorate even in,a severe environnent. Thus, a

hum dity sensor of the present invention is usable as a high- accuracy«and *
high-reliability hum dity. sensor. 7 The content of the carbon part¢Ztl es

in the porous silica
IpreferaBI y 25 tl) I45 V\?}é/é”&:?ﬁéeﬁ@dé ess tﬁé;fny% é/\?%l}?@%}%@riesfsﬁ?ea\rlp %Eciorres
very high. On $htig@nhkilmes jndicatsd abkpveo Wi%??lel%e?&ft(?v‘i"i AR ones
\éery IowOI tTﬂe ttrschfeeéram Praspas% wid ] chf Hit%nﬂggtewfﬂﬁhpmtw@%ﬁs

i sperse ere as_indica £ 0 err
pre]l‘oerabl y 5 toﬁ%ore%.}et]:an?eet?ecq e‘é%r{ﬁé’ngkl [eql?]é)h% A%Ealﬁ%é‘ntelf
beconesaverybhligh eXreéds 50 wie mélereﬁmithviﬁylbemdweﬁﬁomve{]r] t he
sensitivit econes S e

I nsul ati ngysubst rate @é%v%@%@é];n% & e%?gpaﬂém thi%}é% f@t"ﬁ%# nsul ati ng
substrate and t¢arhon @articles dxsmmedh thetein pas i indicated abeve,
therein. The fusdpetesi!iGasdd Wi AR UL DISE AU LS 1250 Lidm ved Nt

carbon particles di-spersed t ereln unctions as a protective m for
porous silica fless vﬁ-fﬁfl chiton $he tresistanag Hecemes crern hidhr etffn

enhancing the negdadkiey wihd, iS!{€Ndidedds (36D R OWhS ddpsitivipy
carbon pérticles dlsEersed tﬂ@ﬁeln and i nproving t he durability an the

reliability of bege sor. The porous silica filmwth carbon
particles dispersed tfis edilica mpdrﬂ)rﬁmm\ceﬁbﬁued Qrritlgse ffswlating

i ndi cat ed above, .a silica s Wit h carbon es dispersed t eininto
o o by e tiate hefed ' vo GllmNE NS | Jaide o M eided (S 1, |
car bon insulating substrate and the porous silica film with

15 carbon particles dispersed therein. The further silica

film. formed on the porous silica film with carbon
particles dispersed therein functions as a protective
film for the porous silica film with carbon particles
dispersed therein, - thereby enhancing the mechanical
strength of the porous silica film with carbon particles
dispersed therein and improving the durability and the
reliability of the humidity sensor.

The porous silica film with carbon particles
dispersed therein is easily produced by forming, as
indicated above, a silica sol with carbon particles
dispersed therein into a film and by heat treating the W,
thus-obtained film. The silica sol with carbon
particles dispersed therein is easily produced by
dispersing, as indicated above, silica particles and
carbonﬁparticles in a hydrolyzed solution of a silicon
alkoxide. It is therefore easy to control the content
of the carbon particles dispersed in the porous silica
film by the amount of carbon particles dispersed in the
silica sol. ' '
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particles dispersed therein is easily produced by dispersing, as indicated
above, silica particles and 30 carbon pargicles in a hydrol yzed
solutipn.of a silicon alkoxide. It is therefore easy to control the content
of the™edrbon particles dispersed in the porous silica filmby the anount
of carbon particles di spPheesilicad heuppditaf Sl . 1s ei’sﬂllp piédueed Uppor t

filmis easily pro te | 0, to a
fi-l mand heat treag?11 9‘?‘?& %’ﬁ %ﬁ%ﬁ+‘f£ he s | c%ogojfﬁﬁg éeaésll' 3
produced by di sper%mirgh%atlw#iamg cthe thus—:ﬂ:tamtt@dﬁx)lwzeme@uh@m Sﬁla
silicon alkoxide. fficeddlifa P@dﬁéﬁk%%% s £ DO PO [ R4t €Rc IO DF a

dispersed ei ther before or ter t e si 17 con al koxi de.
Preferably, & net e¥AERl¥zed melution SEa eﬁﬁklm e#lléﬂxifd%m a 10 liquid

ph?se ;n;] 3 rre; al al kOX'dﬁx@Ssi@ﬁh' f@ﬁbﬁ@%l ttﬁyeéﬁtml ﬁ@it.éwb?n

gel method and ca uce a a rial a erature than a
convent i onal nethgﬂgdiiﬁp??ﬁ ¥£HﬁFrH§£$ q@%ﬁﬁﬂ%* i ch
i s inmpossible by achernsilidomadlkcxidd hod. In the case of the present
invention, it i p-prassilbl roduce - film r C f||

W th car bon particles ?ﬂtgﬁiﬁ?ﬁt?ﬁ sﬁha% jaﬁt %{ﬁ%‘ef ﬁ%ﬁ%ﬁ%jr

500 C, which 1li0s mﬂ::tquxﬂrvephammﬁ raanmﬂvaﬂtkqude reest hmbd)f:.rprthm(pmﬁent
ceram c 20 materi M mr_‘f r &ﬁcﬁg:

t hereby enabling t nev nmanu rgc ure o#&f cheapaq?uéijﬂI ygds)zénrs%rc rf cfl oan
the production of ceramipMateriakiat & lower fierpergture ithanfFicult in a
conventional et hospriver{tiddl Metho®and, in addE¥iddle G \Wrdissd ided sol

is formed into a
U , ceramic composite which is impossible by a conventional

15 methed. In the case of the present invention, it is
possible to produce a silica film or a porous silica
film with carbon particles dispersed therein at a
temperature not higher than 500°C, which is much lower .

~ than in a conventional method of producing a ceramic

20 material. Accordingly, the manufacturing cost is
reduced, thereby enabling the manufacture of a cheap
humidity sensor. In addition, the production of a
composite of silica and carbon which is difficult in a

_ conventional method is facilitated.

25 ‘When the above-described sol is formed into a
film, a method such as dip coating, spin coating, roll
coating and screen printing may be adopted in accordance
with the viscosity of the sol and the necessary film

_ thickness. _

30 As described above, since it is easy to
manufacture a humidity sensor of the present
invention,the mass productivity is good, and since the
raw materials are cheap and the manufacturing cost is
low, it is possible to manufacture a cheap humidity




film a nethod such as dip coating, spin coating, roll coating and screen
printing may be adopted in accordance mﬁt@ the viscosity of the sol and the
necessary filmthickness. 30 As descri bed above, since it is,-easy *
to manufacture a humidity sensor of the present invention,the mass ==
productivity igegl@gg, and since the raw materials are cheap and the _
manuf acturing cost 1s low, it is possible to manufacture a cheap humdity

9 sensor. Thus, it i$BP8ssibl &S tRoFRiRIQCERBaRLFRATHFE 2 SRRRIRLIERYi ng a

hi gh accuracy gaflsarhhg®ing! & aRightdcd@ir@cy odhdost high hrdDodbiBsey at

productivity. 5 . .Tge Lq¥ent|on 'S |Ilus££ated, merely by way of
exanpl e i n t he2atPBnGaRYi FHLRrI9PA 2SS PIRIRAELIVEFJures 1, 4, 10 and 14
are seclional views Dheecfiventiot siofiblbseratéed, Seasely dogonaynegfto the
present”i nvent | on:

. JElgure I s.a-perspecfive view of the
Pt ity censoPReRIR 19 the pecdilifryihg PREREETTHY T s hor cor
renoved; Figure |b iBigureswl si4j |0 damd Flyuare | sededorsdbvwiews hef por ous
silica filmin M o) g § . [ - 3,..9, , 12, 13 and
15 show char ac?@?éﬁ%ﬁlﬁﬂréf‘esa ol?u%%%itrii%&ﬁ%r s%é%‘g?’t'clz%?yt%ft‘g%e
enbodi ment s of present t invemeion according to the present invention; and

Figures 3 and 6 shg igs:p#)rr?e 'ér\iégsée(ﬁtﬁ;e Z,gjfew. of iﬁﬂﬁ&% a

hum di t30 sensor according to _I.nventlon. e invent] I's
i1 lustrated bySemeor ;$heWR nip BigWFest with a porous silica film

thereof removed;
Figure 1b is a view similar to Figure 1la bﬁt showing i

the porous silica film in position; N\

Figures 2, 5, 7, 8, 9, 11, 12, 13 and 15 show
characteristic curves of the'moiéture'sénsitivity of the
embodiments of humidity sensor accordinglto the present
invention; and '

Figures 3 and 6 show the response curves of
embodiments of a humidity sensor according to the
present invention. | -

The invention is illustrated by the following
Examples. |
Example 1

A pair of comb electrodes 3 (Figures 1,1la,1b) were
provided on an insulating substrate 1 of alumina by U
sputtering Cr on the substrate 1. Layers 3a, 3b, 3c of
Au, NiCr and Au respectively were then sputtered im=ihet
-o¥des on the comb electrodes 3 at the portions thereof 6
to which lead wires (not shown) were connected. That is,
the comb portions of the electrodes 3 are composed only
of Cr, while the four-layered portions of the electrodes
3 composed of Cr, Au, NiCr and Au in that order were
located at the portions 6 to which lead wires were
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Exanple 1 25 A pair of conb electrodes 3 (Figures 1, 1a,1b) were
provided on an insulating substrate 1 of aludPna by sputtering O on the
substrate 1. Layers 3a, 3b, 3c of Au, NNCr and Au respectively were then
sputtered [err] [err] on the conb el ectrodes 3 at the portions thereof 6 30
to which | ead wir €9nfgstedhond) PaEPUScshhdcaefilmh4t hayinghea&b@B porti ons

of the e'eCtrOdesF%r%&%l@@”&@%@@r@éhytHErEin Wﬁé'QoEﬂGdfeﬂrthéygﬁﬁgtrate
portions of the electrodes 3 Au I n that order

and A

were |ocated.at tHeS BOFF|893b6 P °Wﬁ888 PQSBthrBQrRéPB "ot thecsirctredesa
parous silica flI31ﬁhhastnaoeasbeaoaﬁainglEﬁedpseeiaﬁé gherein was forned
on the substrate 1 so ag,.to_bhe rOV|gg a??f 2 gortlon of the et ﬁrode
whi | st nof surroundi ng ?H@ BBFP BnS16+c8 n as pFRduped s Pi EWSfiIm
g m?s p;od?cedhasTéutheuhoxfsllanehQS%$OCaﬁe) erwasmhydhaﬂyzédzby hddﬁdglng

5 [err] of ethan o
tetraethoxy3|Ianeaéngqgﬁé Fgﬁﬁbﬁs ?ﬁg %1§?U$g ?opk hﬁ&&gbgﬁiﬁFigfggFé

and 13.5 g of fin&0smlid cafltetraetbosysilane addehytstihzlhgdtbeymeuture

mxture and the r?ég';agEuE‘XiHrE églgﬁgéggzﬁo 501 #eéfagaéa §giic

activated carbon. an Wer e ereto
and the ni@ture maewderrwguefadded hontheshy@rplvaedeméxtu:ecan@otheﬁth

carbon particles Jgsultand! APRESSE €' Gt LrrednEop! Y AEnduR! r 25 g lgvbh

the el ectrodes 3 provi on was coate he silica sol” dried
at [err] for 10 neftivateddcarhenranda?. ?egr?fféarbgnnbhﬁﬁbswetﬁetb§9

formng the pOfOUﬁufthéfaaadé&1ﬂh&téﬁocéﬁéoﬁheaﬁikﬁﬁfé ﬁé§p§£§fﬂe&h£6£'90

The 20 content of the carb artlgies i n orous, silica flin14 was
23\wf % and t he thW%%HE%% te Eﬁ% d%ss }fagso Wi h carbon particle
15 dispersed therein The alumina substrate 1 with the

electrodes 3 provided thereon was dip coated with the
silica sol, dried at 100°c for 10 minutes and sintered at
430°c for 30 minutes, thereby forming the porous silica
film 4 with carbon particles dispersed therein. The
20 content of the carbon particles in the porous silica
film 4 was 23 wt% and the thickness of the porous silica
film 4 was 15 mm.
The thus-obtained humidity sensor is shown in the
sectional view in Figure 1. The moisture sensitivzty of
25 . the humidity sensor of Figure 1 is shown in the graph of
Figure 2 in which the abscissa represents relative
humidity and the ordinate represents resistance (in
ohms) on a logarithmic scale.
From Figure 2, it is clear that the linearity of
30 - the logarithm of resistance with respect to relative
humidity is good, and that since the resistance is easy
to measure even at a low humidity; a complicated
linearity compensation circuit and a high resistance
measuring circuit are unnecessary. Since the



-

filma4 was 15 [err]. The thus-obtained humdity sensor is shown in the
sectional viewin Figure 1. The noisture dé&nsitivity of 25 t he

humi dity sensor of Figure 1 is shown in the graph of Figure 2 in whigh the
abscissa represents relative humdity and the ordinate represents  ‘mws
resi stance (intemperasure dependengecofcthe. mpisnuERgaeBs2tivitysis| ear

that the "nearhEMIOftﬁﬂ hungiﬁﬁaEQHQBktBE‘?Eggﬁé'itEBES HbEhrééﬁﬁfét to

relative humdltx\e t since Sistance is easy-to measure-
even at a | ow Ru EPFfatHréoﬁBPPSEFéGiPFnéérpﬂyteonpensat|on circuit and a

hi gh resistance measghengespbfide! cRagatb89E8esasYof ShaCRuRDGity
tenperature degendence ture sensitivit smal |l _,the humdity

sensor Sof Fi guFgRBOF,8E %&squgg iﬁ ﬁhPEﬁpéPaFBFegEﬁﬁﬁﬁnggtFBS“EPrEu%? The

response Charawh&&hStheSabécibSahﬂapﬂeéﬁnﬁs time §§ﬁ$§éc6ﬁd§bgdﬁﬁ thes
shown in the gr a,represents tine (in

283Rath.Febrt S18Epbes, [ER phn
seconds) and tRESSPE ﬁaFE Fﬁﬁ?ﬂgﬁnfg +§ ?QFﬁn (PRR8)NBR Bn a | ogarithmic
scale. It is tbgarithmicFsgale.3 IbalstbkehvnfgomyFiguser 3i shavi thei n

Sensor was | of PopIBLEE dlnsor 1RCHRMLE LD cpEpotpas | B tnbEErRBE, ", )
and a nelativesauanuivitvfwasgméaauteQOaﬂbersthe bunitdity sensonecwase

durabi | ity and;pge ﬁsleehghlix thﬁgfmSUH%éfa¥F§€n§er fefipbfatute dgre the

same as in 15 rdi ng
huni dity sensof0of FﬂguierﬁléFévedh%%iﬁbﬁﬁ af o954 ufarpi 1009 bﬂ@rﬁlgh

reliability. |gra8rStyoexing £he S@crapi iy dahd €8OSLPE11Abil st Oéf' ble to
produce at a | ow cost *E groneter nd a hunldléérdetector havi n
sinpl e circuitFhe EBBH& aPeRs$Opho ecﬁﬂé%%ﬁﬁ @nthe same as n \¢J

15 Figure 2 within the margin of error. Accordingly, the
humidity sensor of Figure 1 proved to have high
durability and high reliability. In this way by using
such a humidity sensor, it is possible to produce at a
low cost a hygrometer and a humidity detector having

20 simple circuitry, economical in power consumption and
having high accuracy, high-speed responsiveness and high
reliability.

Similar humidity sensors were produced by using
Ag, Cu, Pt, an Ag-Pt alloy and a Pt-Pd alloy,

25 . respectively, in place of Au at the portions to which
the lead wires were connected. &;)
Examnle 2.

Tetraethoxysilane was hydrolyzed by adding 35 m®
of ethanol and 16 mZ -of 0.02 N hydrochloric acid to 50
30 mf of tetraethoxysilane and by stirring the mixture
for 1 hour. 20 m& of ethylene glycol, S5g of activated
carbon and 9.5 g of carbon black were added theretc and
the mixture was stirred for 30 minutes. Further, 20 g of
£ine silica powder was added thereto and the resultant



havi ng hi gh accuracy, high-speed responsi veness and hi gh reliability.
Simlar humdity sensors were produced by usﬂﬁg Ag, Cu, Pt, an Ag-Pt all oy
and a Pt=Pd alloy, 25 respectively, in place of Au at t he portlons to
whi ch tse | ead wires were. conn e 2 Tetraethox§ﬁllane

hydrol yzed by add™HF3Ee &a8 S rEFﬁa%anﬂdmiBuFSFr FooPrgdysena si ica
hydrochl oric acidsol &&t&Ocarbohepakt&Elbetaaebb&shaithaeeand_by stirring
2nd 9.5 g of carbon bl aA8 ABPBiRA,syBERERER: 1 §FLnurled FACH EILFA, FRRR"
for 30 mnutes. Feleeszodes Jaoprovidedi thexepowbiyr smeeadpmntnagewasand
the result ant 1EPéEHE dwﬁitﬁt EegziQEa % E‘”HkﬁédtQtpiﬁﬁaEefﬁrsi"Ca
sol with carbon particles |s erse ther mna sub

(Figure 4) wth Phoug,ceng snaseredegt3aapr6vfa§dlthgusentbsrgbweénrmlng

printing was 5 gBEFuEOQH?QCW'EEIEhQaS EtﬁacE? ondghfélélege&EEFFfée&

hour, and sintere err our ereby for ni Eorogs sfTica
filma4a with car bshegini.cFhe §P§E§F§e§ftHBPeFﬁrb¢ﬁePé§H%§ esoint kBecar bon

particles in the BOTOUS sifliea Eilﬁ\é& was 36 Wt and the %Hh&kﬂé§§ st 10
t he porous |I|ca f| m 4a was i % L@ Tetr aet hoxysi | ane was the
hydr ol yzed addth8 BSTPUS pidfce: FAABI 4anHag8 BRHM-of 0.02 N hydrochlorlc

ﬁCI d “.13050 [fer][] of tlet maetaexnaxyemmaﬁgdwbs gheh' h drbh]?z&iixbg sdamgl
mggrstlrrgdoforlg JLPgsggggﬂﬁ}a?ﬁdg sﬁﬁ egeéobg i EY95?88§° gFI ﬁla'ﬁ%
4a with carbon pasolmmeefdtepeaeeﬂoxysibanemandsbynstmnrﬁﬂgmthé hibrture
th“\i‘)bt ained siliegd $ohou' 26 §'okCEihe’ 811302 "bOWAES was added thereto
15  and the mixture was stirred for 30 minutes to obtain a
silica sol. The porous silica film 4a with carbon
particles dispersed therein was spin coated_with the
thus-obtained silica sol, dried at 120°c for 30 minutes
and sintered at 400°C for 20 minutes, thereby producing
20 a silica film 5a. o ,
The thus-obtained humidity sensor is shown in the
- sectional view in Figure 4. The moisture sensitivity of
 the humidity sensor of Figure 4 is shown in Figure 5 in
- which the abscissa represents relative humidity and the
25 ordinate represénts resistance (in ohms) on a
- logarithmic scale. From Figure 5, it is clear that the
v/ linearity of the logarithm of resistance with respect to
relative humidity is good, and that since the resistance
~ is easy to measure even at a low humidity, a complicated
30 - linearity compensation circuit and a high resistance
“measuring circuit are unnecessary. Since the temperature
dependence of the moisture sensitivity is small, the
humidity sensor of Figure 4 does not require a
temperature compensation circuit.



and sintered at [err] for 20 m nutes, thereby producing 20 a silica

filmb5a. The thus-obtained humdity sensog3is shown in the sectional view
in Figure 4. The noisture sensitivity of the humdity sensor of Figure 4 is -
shown in Figure 5 in which the abscissa represents relative huni dity-and

che 22 or5d| nat e Tlillsrtécp?]ﬁsé een&tmisﬁw]tm% xs&ll tmdnmﬁtrytéf@ns‘oﬁcal e.
rom Fi gure s clear at_t i rity of .the arithmo
resi stance withe rgéﬁ‘&tl?ori%‘f”é? J#?%l?yé/l?% YRGS %dr?msix?trﬁ:e t he
resi stance is time (mnmm@)avamﬂ aatha cbrm.rlrame drey:esaem@émmhéﬁ)
linearity conp Chk &'l § ' | st II‘CUIt are
unnecessary. SF%@?% 6!; %ra?%grsgl epen e‘?]%feé ofﬂ§1 %re Sensitivity
is small5 the Riguzet§ mtoth@fhmmﬁmmmﬁ E'-’EQ}INEe‘laJ--’e efpigiat ur e
conpensation ci{jc 1 y

i CHedponse 13 tad SHANE ST OV ALY Ul ﬂaém&%géaf

esents tine

sensor is shown in ur
seconds) and t¥Haeds ’éﬂlfﬁi-@rﬁﬁ%’%rﬂ% Fignze thorag i kethke shend |18yan thnic

scale. It is ch@ibspidre Ssaturdtdédindith et Hhd Wirldol s £ Figure 4
is quick inr gg@nsgqﬁThe moi sture, sensjtivity was, neasured after the
0

humi dity sens P9 heurs &in qraex L qweat%mgdtw at ed
W th watier andared hmvlrélmmti 5t JtHed mubtidi us"éhsdr or'mﬁ BeBURtE ne

12 20t 0 o 8 P 4 L0 4 e

Accordi ngly, tl&mca:l‘tﬁtrsg‘.l;e,r |tshe chaxfadtieristilics tof mdmmﬁdﬂ?u}gts"a:s%nor oved
to be stable e b Y r Vi t | ar
hum dity sensoqfrﬂéélbr odfcﬁ/r(ﬁge‘fu% ﬁ‘% I%tcgags?%]heever]trgti@r i VST A%%}eerpconb

el ectrode in AnRiromenty; - N
15 A similar humidity sensor was produced by using Pt
as the material for the comb electrode in place of a Pt-
Pd alloy.
Example 3

A further humidity sensor as shown in Figure 4 was
produced as follows.
Tetraethoxysilane was hydrolyzed by adding 50 mf
of ethanol, 8 mf of 0.02 N hydrochloric acid and 10 g
of fine silica powder to 50 mi of tetraethoxysilane
and by stirring the mixture for 1 hour. 5 mf of mono-
25 olein and 18 g of activated carbon were added thereto
and the mixture was stirred for 30 minutes to produce a \;J
silica sol with carbon particles dispersed therein.
'A refractory brick substrate la with Ruoz comb
electrodes 3a provided thereon by screen printing was
30 roll coated with the silica sol, dried at 60°C for 24
hours and sintered at 450°C for 20 minﬁtes,'thereby
forming a porous silica £ilm 4a with carbon particles
dispersed therein. The content of the carbon particles
in the pérous silica film 4a was 43 wt% and the



Pd alloy. Exanple 3 A further humdity sensor as shown in Figure 4 was

produced as follows. Tetraethoxysilane was hi4rol yzed by adding 50 [err] of
ethanol, 8 [err] of 0.02 N hydrochloric acid and 10 g of fine silica powder
to 50 fLr] of tetraethoxysilane and by stirring the mxture for 1 hour. 5

[err] of mono- 25thicknes$ efidche BpxRusilita bkR b WAS 22U t heret o
and the mixture was stifs@saé@hioRps Ll i Sad O s dupdrl pidd oy sedding h

b ticl di d the A pef t [ 1.cK trat i h
RIO comb 2. el ect 1508 Lot rekaties it bapt ) S didrodidhidedeld dhd )
coated with the S'Zbigaoﬁofi%drémﬁ powddr fro 50 ﬂnbur?‘f and sintered aL

: f 2 I nut t here ormn ar.0 sili ' ' ar bon
bart1 cl es disper sERtERErBrRTS{ARE A By eI Teia, s didRide dor £ 7
porous silica filhodn, iedébytpraducing a silicadistheBhefporeupiliica

ili filmd4a: 0 : t '
2dding 50 [err] oFERRaRIrity LG PR¥IdE tilerdld CHEFELA Sy Fol
fine silica powlecoatedOwith rtheftifis-obtainad wilita Sl atrigd At rﬁqq %]
the mxture for lefpus. nihed olia ELKRGHEW 2 kA0t £8k 10 pLmpEGes sil i ca

I cles di

filmd4a w th carbon par spersed therern was roll coated wth the
t hus- obt ai nd@ si | thereby preducing 3 F33i9pfElMRRs and sintered at [err]

for 10 minutes, 10 thprebynmpsastitcd ed Minidiey déhdr Idestidwis-nbithened
hum dity sensor is shown | n the sect]onal V|eWh§ Fj gure 4. Thﬁ%ﬂp{St“ﬁf
sensitivity of theeckionad yiaw & Figuxe dn The m e SenfithVity ©

this humidity sensor is shown in Figure 7 in which the
abscissa represents relative humidity and the ordinate
15 represents resistance (in kilo-ohms). From Figure 7, it
| is clear that there is a linear relationship between
relative humidity and resistance. Accordingly, this
humidity sensor does not require a logarithmic amplifier
and is capable of measuring humidity in a wide range by
20 means of a very simple circuit and with high accuracy.
In this way, it is possible to produce a humidity sensor
having a linear relationship between relative humidity
and resistance by controlling the content of the carbon
~ particles and the thickness of the porous silica £ilm.
25 The moisture sensitivity was measured after the humidity
; . .. sensor was boiled in boiling water for 1 hour and dried’
~/ at 100°C for 1 hour in order to examine the durability
and the reliability of the humidity sensor. The results
. were the same as in Figure 7 within the margin of error.
30 Accordingly, the characteristics of this humidity sensor
proved to be stable even in a very severe environment.

1

Example 4.
Samples A and B were produced in the same way as
in Example 3 except that the amount of activated carbon



absci ssa represents relative humdity and the ordi nate 15 represents
resistance (in kilo-ohms). FromFigure 745it is clear that there is a
linear relationship between relative humdity and resistance. Accordi-rgly,
this humidity sensor does not require a logarithmc anplifier and i sw<
capabl e of neaused ngaduchahded ito azz/g hd QELF, tbes%bctﬂmqs C’.'fhe’nl very

sinple circuit i1 h_ji, C I.n this way OSSI e to
produce a hum ﬁlg{']geeg%%s?# %g%/%% %icfleﬁsat’fbn% [?%req iti ve
humidity and réslmtémoet U;hecsampﬂes dy and H:owremttlaamtmeamhr&i)mmrt i cles

and the thi ckngggogle LHELPO" Ot Hididind |dindlt sy MRS Wt sensitivity

was neasured aft sensor was I ng water for 1
hour and §iri edr%ﬁp%@?i‘fe f!vmi_ﬂmrsensqzejare chowmiine Riguntur&bin ity and

the reliabilityy
Flgure7vmth|nt e rrarglnéo!llf Accof#': gh‘il%?haracterlstlcs
of this huni dlqu%rr%MQ% miﬁt&m@ vian k Qa'Qmﬁ)/ sever e

envi ronnent. Exanpl erdf piSaid @, AmGuBw @ &rﬂails:%gﬁstéa& M@ Way as in
Exanpl e 3 excegt t hat the am)unt of actlvat? car.bon used was changed to

229 and 25g, Te Sensifiy idd by, Fepmans 135 whichhe
porous si|d ca §he rectterits o wlmbﬁnaryaﬁz\&qre% 4% WH¥ Potcus M %

Gensors are sTMLEh s suae A ¥ B s s F@%?@%iﬁﬁviﬁt‘;“t e’
hum dity and tIte jcsd:.lxﬂzeﬁmﬁgm 18 tibita mdbyen( mhe(ldtmﬁdmﬁ)of ltheFi gur e
sensors I whi P RAFEYCIRE 4l e Boy ol 3T ISa i o 3% Fxceddgdl ('Y
silica fil m 4a&tfr &hes smi&iam WisYolowedede aity @l JLowl lhum&iltqar ahldom W/
Figure 8 that g jiexcdddd"'500Wwth 1€ the sensitivity is lowered at
all humidities. Accordingly, a humidity sensor having
good characteristics is obtained when the content of the
carbon particles in the porous silica film 4a is not
more than 50 wt$ and preferably is not more than 45 wts.
20 Exam;l.e 5. :
Samples C and D were produced in the same way as
in Example 3 except that the thickness of the porous
silica film 4a with carbon particles dispersed therein
was changed to 300 um and 350 um, respectively. The
25 moisture sensitivities of the respective humidity
sensors are shown in the grap’he of Figure 9 in which the
abscissa represents relative humidity and the ordinate
represents resistance (in kilo-ohms)
In Figure 9, the curves C and D represent the
30 moisture sensitivities of the humidity senmsors in which
the thicknesses of the porous silica film 4a with carbon
particles dispersed the_re_:'.n were 300 um and 350 um,
respectively. It is clear from Figui:e 9 that when the
thickness of the porous silica film 4a with carbon




carbon particles in the porous silica film4a exceeds 45 wt% the
sensitivity is lowered at a low hunidity, ardd 15 when it exceeds 50 wt %
the sensitivity is lowered at all hum dities. Accordingly, a humdity
sensor E{_@vi ng good characteristics is obtained when the content of the
carbon particl es particiemrdispensed thaneinexgeads 25} #mhdhS0 w % and

D ohtcad Tn & ne_ EEELLRAy 014 etd) oRETR ianginl Sh s ftamie
produced in the same way as_.i.n Exanple 3 except gL, the thickness o e
porous silica fi'|m%#tq’l lon hmmidity @ adﬁ'&"rﬂﬁ g&?%@-ﬁ@%ed
to 300 [err] and a0 [Réw |humBHSE) iand whenlhit 2xdedds B00 gamsitthe/i ties of
the respective humdity, sensors are s i_n the granhs of JF|aur 4

whi ch the absci ss%le’?%’p#/je s‘{sr ét%q’(ﬁg)%n%lt 3“3‘%{@{%50? &am.re&rxg%lrﬁseaht s
resistance (in kihmmidity .sdnsdr hawiny good charscteristils cF ahtaindde 30
noi sture sensitivities.of the humdit ensor.s i i : | esses of
the porous sili caf"l??rf rﬁqﬁa Wfﬂ“ﬁﬁ'agcﬁflp%ﬁ ﬁ’aé%dsgi%?elﬁr%%rﬁ?mre 300
[err] and 350 [erpdrtickescdispezrsed ttheredrds matnmanpithan 1300 xaherdithe
t hi ckness of the i f it r,.bon 16 particles

di spersed therei ﬁ%@égﬁ &Aﬁﬂ% siérﬁgﬁtrf'vi ty (i.e. the rate of

change in tHe resExamplee et ween a |l ow hum dity and a high humdity) is

| owered at a | ow™omdi %gﬁagﬁﬁ} i Xfaaf t 40 mf
sensitivity is | owered 'fa%ﬁra um |]f§|nee§. Acgg I n y,d gﬁﬁ a‘iiddi?rtg sensor
havi ng good char Rf € i03 iN hydroghlaris agid, and %éi%l&fe

@lﬂ; &3+ Sor ous
filmw th carbon paidd< a5 5b WYH WbtRIdickysi Iidle MHE B Ftidirdertte
anUref erab[ Y nol{ixné)urree t oazn 12 %J:’:G,r rt].ﬁerle%y pr%x&rg)jlneg 6a silica sol. The
15 - thus-obtained silica sol was screen printed on a glass
substrate 1b (Figure 10) and sintered at 300°C for 1
hour, thereby forming a silica film 2b. Cr and Au were
deposited on the silica film 2b in that order to provide
comb electrodes 3b. :
20 - Tetraethoxysilane was then hydrolyzed by adding
50 m{ of 0.02 N hydrochloric acid, 25g of fine silica
powder and 7.3g of carbon black to 50 m£ of
tetraethoxysilane and by stirring the mixture for 1
- hour, thereby producing a silica sol with carbon
25 particles dispersed therein. The thus-obtained silica
. . .. sol was screen printed on the silica film 2b and the
~ . comb electrodes 3b provided thereon, sintered at 350°¢c
for 10 hours, thereby producing a porous silica £ilm 4b
.. with carbon particie dispersed therein. The content of

30 ., the carbon particles in the porous silica film 4b was
16 wt$ and the thickness of the porous silica film was 5

The thus-obtained humidity sensor is shown in the
. sectional view of Figure 10 and .the moisture sensitivity



Tetr aet hoxysi | ane was hydrol yzed by adding 40 [err] of 0.02 N hydrochloric
acid and 25 g of fine silica powder to 501ferr] of tetraethoxysilane and by
stirring the mxture for 1 hour, thereby producing a silica sol. The:45 :
t hus-obtained silica sol was screen printed on a glass substrate Ib L%@gure
10) and sinterefl shifehuhiditylsénsor idesidynf onnFiguresiliim which 2

d A d h f I 2b t-hat d d nmb
ol ect rodes b, 088 aBécfbsd Faptesdhes Aflarive ARIabts Hpd BRa" by addi ng -
50 [err] of 0.o0zdinagervepresentscresiftanceé (imeoms)cmpmwder and 7. 3g of

carbon bl ack t raet hoxysilane and by stirring the mxture
for 1 hour, thg?§%§£€é%%ug%%égf% silica sol with carbon 25 particles

di spersed ther hus- obtalned silica sol was screen printed on the

silica film2b and tge% rpq?ére’%? | cadjfﬁ h@dgo&mél‘pég %éoinat 350

C for 10 hours, ther pro UCI ng a porous Il m4b th C
particles di sp@ils f rexqept cﬁ#ﬂ%rﬁh%fawnt ek carhon Plackiused in

t he porous silggd éh 4&) Y65 1$ig VA& a3 B g Nerddpedtpsl P! -1.-1{@ porous silica
filmwas 5 [err s obta| r]ed humi jtétesensor I s-'shown in fhe

sectional vi eV\F%‘F ?‘F'@%r 1#h8, kR 8 ol the jRqrous 137”0“4 his
hum dityjgensofile 4lhovere m.:Flm eaxid 8 net®) chedpectbrsigsa Tieer esent s

lrggg';:;/ﬁmhgmsdlt and the O{I ‘%ft]f reﬁﬁg@ents re5|§la,tean(i “ﬂ‘ hmls)n ?Eeasarre
way as in Examm&smtshdm inmethegrephs cfirRigure atX imsedhiets changed
to 5.39 and 3.4¢, J5sPfddd Elgreddiits relative humidity and the
ordinate represents resistance (in ohms) on a v/
15 logarithmic scale. 1In Figure 12, the curves E and F
represent the moisture sensitivities of the humidity
sensors in which the contents of the carbon particles in
the porous silica £ilm 4b were 12 wt$% and 8 wt$g,
respectively. It is clear from Figure 12 that when the
20 content of the carbon particles in the porous silica
£ilm is less than 15 wt%, the resistance becomes high at
a low humidity, and when it is less than 10 wtg, the
resistance becomes very high. Accordingly, a humidity
sensor having good characteristics is obtained when the
25 content of the carbon patticles in the porous silica
film 4b is not less than 10 wt%, and preferably not less
than 15 wts.
Example 8
- Samples G and H were produced in the same way as
30 in Example 6 except that the thickness of the porous ,
silica £ilm 4b with carbon particles dispersed therein
were changed to 1 um and. 0.5 um, respectively. The
- moisture sensitivities of the respective humidity
sensors are shown in Figure 13 in which the abscissa




contents of the carbon particles in the porous silica 10 filmd4db were 12
W% and 8 wt% respectively. The noisture séfisitivities of the respective
hum dity _.sensors are shown in the graphs of Figure 12 in which the abscissa
represémts relative hunidity aid'the ordinate represents_resistance

in
ohms) on.a 15 | G§RFPERATE TeLpEivVe) H“’Fii-ﬁaFX 3pd the erdimate £ﬁ8rﬁggm=s
~represent the noi sesistancei (ini bhms)obént dclbyarithmiccssale.i nInhFigutee

contents of the cagbo articlesin th orous siliga fil _were 12 wt %
Gd 8w respectProrpB Fhives e Apa H RepPEspRE, LER ot fkdRe/ 0"
content of the casensipivitiessofnthechpmidityssénsarsi im whithsthehan 15
wt% the resistan hi.gh hym dity d AR | SS
than 10 wto@ the FRiCERaREEs o8 rAb Bordin SR1ikaY st B AP Wit cafapl
sensor havi ng gooparhiciesedispersedstbereincvertch ymead 0.8dmment of the
carbon particles | S skli ' 40..) S$aqt % nand
pref erably not Ieggsgﬁgﬁggéfgk@6ttxg%p%%L§}Sgﬁgﬁeggéygﬁdfilgggglgpo u%% I n
the same way as 3thicknessiaef| the parops shbicanfilmi éhrésthoearherporous
silica filmdab wi Ha:ei&@ea Hﬁégﬁééé}hghéféiﬁeﬂtb&éé!ﬂhﬁ‘ﬁrs CRaneRd to 1

[err] and 0.5 [erT], respect]V nol sture sensitivities Qf fhe
respective BAm di F¢Sigkance heeoRes high af g& ko shumightyn wheRr; ik,

18 represents rel agi YggBushahtY oy the ?éé’i@ﬂéﬁcéeﬁéeéﬁéésvélf_?iﬁigﬂce (in
ohms) on a ngarlghn1c icaie. I[k;%ﬁ#ie 13, the cu&ves G qﬁd r epr esent
the noisture sensPEFOFELRELEs 2 BY 1 §eREQAT NAVIAG \FPPR t he 5
thi cknesses of thehapacteristics is!|ob¥dined when bthe pthickness dosptheed
th?:f'n mere.l [?ﬁékoégds91§c£efiim 4b with carbon particles dispersed
15 therein is not less than 1 um, and preferably not less
than 5 Mm. -
Example 9 . : . o
_ Tetraethoxysilane was hydrolyzed by adding 25 mf
of ethanol, 16 m{ of 0.02 N hydrochloric acid and 13.5g
20 of fine silica powder to 50 mf of tetraethoxysilane and
| by stirring the mixture for 1 hour, thereby producing a
silica sol (hereinunder referred to as "sol A"). A
. silica glass substrate 1lc (Figure 14) was dip coated
with the thus-obtained sol A,.drie& at 50°C for 10
25 ._ minutes and sintered at 500°C for 30 minutes, thereby
_ _ _ . forming a silica film 2c. Comb electrodes 3c of an Ag-
— 'Pd alloy were produced on the silica film 2c by screen
printing. _
Tetraethoxysilane was then hydrolyzed by adding 15
30  m4& of ethanol, 2 m of 0.02 N hydrochloric. acid, 8.7g
of activated carbon and 8.7g'cf carbon black to 50 mi
of'tetraethoxysilane and by stirring the mixture for 1
~hour. 50 m{ of polyethylene glycol and 15 Q-of £ine
silica powder were added thereto. and the resultant



respectively.

It is clear fromFigure 13 that when the thickness of the

porous silica film4b with carbon particligs dispersed therein is |ess than
10 resi stance becones high at a low humdity, and whefrit is <

5 [err], the
|l ess than 1 [
hunrdity sens
of the porous
is not less t

0.02 N hydroc
t et raet hoxysi
a silica sol

silica film?2
silica film2g
addi ng 15 30
of activated
t et r aet p@xysi
pol yet hyl ene
t he resul tant

15

err], the resistance becones very high. Accordingly, a e

QUi et v et ST o (30 muﬁésn,btuawm ddaﬁrigh laCkness

f#%&%%&g@;&g} M&g\ar ho %g?salle?}ﬁ%sﬁ% tﬁ’]erel‘—_‘)?anpl ther ein

Tet r aet hoxysi |skleiatast imirad andd the mmgmqmde]s Gic @rowided 16 [er r] of

Utfddor oidh b Loatadhs piflerd il A hae w50 1

str'rrrignhg -the mXxture

of

hereby pgroduci ng

| ane and
(ﬁ@reldﬂhﬁ%ratr 208" 1= Earo Samingdlesnand &intered gltawos Gbstrate

1c (Figure 14)¢ Iy t [err

for(10925 nIrIIIJ!?Za'sann 5| ntergxgﬁ@a?@or%om%gtﬁgs cIét ﬁg’lhﬁ%c?orIn ngI a

(ﬁ ity a2 gispersed theyeis, \JIhe on the
p&rﬂﬁm& ﬂietthéeblwg lsang dﬂaiitlhte Rchy@solzgzed by

err] 02 N_hydrachl oric acid,
éﬂﬁb@ﬁ ¥3°%Pq§§r8% tPFa593985561ﬂéFF| &Hm 4c was
117002 any d by stirring the mxture for 1 hour 50 [err] of

8.79

and

I I d f f I dd h , '
Y0 ThE i pBtaingr: BprpiR B3tica.tiln ARCRALH hr oduci ng a
silica sol mdthxmmmb@armacﬂgsléisﬁetaedstﬁetbﬁnewas d1b6;satadawﬁthn120 and
the comb el eclyqdas d640a0%kI83° L8600 0" Hinttdsc ARk E 1 Wbl S

t hus- obt ai ned SI

380 c for 5 hours to produce a gilica film Sc.
The thusfproduced humidity sensor is shown in the

- sectional view of Figure 14. The, moisture sensitivity
..of this humidity sensor is shown in Figure 15 in which

the abscissa represents relative humidity and the

‘ordinate represents resistance (in ohms) on a

20

25

30

logarithmic scale. From Figure 15, it is clear that the
linearity of the logarithm of resistance with respect to
relative humidity is good, and that since the resistance
is easy to measure even at a low humidity, this humidity
sensor is highly accurate. The moisture sensitivity was
measured after the humidity senso: of Figure 14 was
washed in acetone at an ultrasonic frequency for 10
minutes in order to examine the durability and the
reliability of the humidity sensor. The results were the
same as in Figure 15 within the margin of error.
Accordingly, the characteristics of the humidity sensor
of Figure 14 proved to be stable even in a very severe
environment. _

' A similar humidity sensor was produced by using Ag
as the material for the comb electrodes 3c in place of

o/



<

5 sol, dried at [err] for 5 mnutes and sintered at 400 C for 1 hour,
t her eby producing a porous silica film4c witdP carbon particles dispersed
ttherein, The content of the carbon particles in the porous silica filmd4c
was 38 Wt % and the thickness  of the porous silica filmd4c was 10 100
[err]. ?rﬁe-'thus-ob?‘aiﬁ‘é'dp%o?m‘si lica filmd4c with carbon particles

gi_ Zpers?d tgerfi g8\8/asc gimsmeﬁé@ﬁnf&td fhm{je,A,irﬂra' &l aid éégfsd%dﬁ 3.8

nd sintered a or 5 hours to produce a silJica m.5c

The t hus- produced PERFERE yf%‘é?%%ir‘”fs £”noiv§1 RAfsAIRte 4R i%lmiv&%fuﬁ gure

14. W;]I'hehrm![ rs]t urg seconductivity hlhicolmniitng ﬁmwoﬂ?rﬁf\hm t*ahe Feagban 15

in ic e abscis epresegnts relative hundit nd the ordinate

represents r¥sist aﬂ%gt{?ﬁé%f&)a}ﬁ] BOIRS sqllioig%ﬂ iﬁ/jrﬁ?‘c scale. From Figure

15, it is clear that theltiisahenefdre lpossidale ttonproducss & humiddtiih

respect to relativ el | , t nece ' I s easy

to neasure even .atg%g#%%%%ﬁ%o%dtﬁ%tﬁ%ﬁ%@i&&%ﬁ%eﬁ%&%curate.

The noi sture sensiresistanes with respent & afhange hin edatiive Jumidity,

Fi gure 14 was was i €F§¥§¥#h tar, ' %m#gqaéf } nut es

I n order to exam ne hé(; ur abi |%vg{r}c#*hlesafé§%%tﬁcfity 0 thé(}rhaa%dyty

sensor. The pgesul thumidity rat sthich £he, rasjatance hedames highy Jhersby

error. 30 Accor g gl Yoaddk & hox el bl d 44y Mol 66 ane By a
i Wt

Figure 14 proved to be st e even In.a very severe ‘environnent. A'sim|ar

humi dity sensor RERFHE 1R hghhfdqqurasier ikh iRLkse Rasfible
el ectrodes 3c in pt@GSrdduce £ huidity Getldory wiichlof ibadmdve, in a

hutlflty sensor 9fréi§%10nsh;p between relative_humidity and resistance,
15 thereby obviating the need for a logarithmic amplifier.
In addition, since the temperature dependence of the
moisture sensitivity is small, a temperature
compensation circuit can be dispensed with. In this
way, it is possible to simplify the humidity measuring
.. 9g° ~ circuit and to produce a humidity measuring apparatus at
a low cost which is capable of measuring humidity with
high accuracy and economical power. '
Since carbon particles and a silica film are
chemically stable, they do not deteriorate even in a
25'_ severe environment. Therefore, their properties do not
_ . need to be restored by heat treatment and the humidity
~ sensor can be used in an environment in which
combustible gas or dust exists. Furthermore, since the
response to a change in humidity is quick and a change
30  in characteristics with time is small,the humidity
sensor is usable for a humidity control apparatus having
high accuracy. | '
Since the humidity sensor of the present invention
is easily produced, it can be easily made by mass



present invention, it is possible to freely vary the conductivity by
controlling the content of the carbon pargicles in the porous silica film

It is therefore possible to produce a humdity sensor which has a good '
linearity of the change in resistance with respect to change in reIaLgve

hummil} t K ﬁnd prbeacaieﬂgeaMIgtrrzlcs ﬁe@yrmbxﬁ@%ﬁﬂﬁtafe Im:?@ and hunmi dity
at ch the rgsistanc ecopes hi reby, it ca e of neasuring
hum dity in a ﬁe"‘?%ﬁ%c‘a gne i?ﬁjg% 15, t Wt’rﬁlﬁ élbic%r%%y It is also
possible to prmdnuéaathneidi¢beapWhum1dt&gﬁséusoa.Ilnear rel ati onship

bet ween rel ative hu S C& need .
for a logarithnmic a%? ‘?%/%?Pﬁ?én&a%ﬁaé@'o % 1‘%{1@ %%t%é%%ﬁdence

of the npi st urmsmlptﬂe@tlmwmn as eamlmablae oiﬁnnarlsiaghlm circuit

can be dispensg, t Y t lid Va t umdity
measuring ci rcug? '('tjb s ma@g 1.?11'{alsdfety nmeas & éh&ééprjéé us vgfdé; | ow
cost which is Eb@b@l %ﬁerm&#i% Wﬂﬁﬁ%ﬁﬁl‘}elvﬁtw%mfeg&f&%

economni cal povgfe %Qﬁé‘@r bon particles and a silica filmare chemcally
stable, they do not deteriorate even in a 25 severe environnent.
Therefore, their properties do not need to be restored by heat treatnent
and the hum dity sensor can be used in an environnent in which conbustible
gas or dust exists. Furthernore, since the response to a change in humdity
is quick and a change 30 in characteristics with tinme is small,the
hum dity sensor is usable . for a humdity control apparatus having high
accuracy. Since the humdity sensor of the present invention is easily
produced, it can be easily nade by mass 21




production, and since the raw materials are cheap and the manufacturing
cost is low, it is possible to manufacture a2g@heap hum dity sensor. As
descri bed_above, the hum dity sensor according 5 to_the present

i nventi‘onfis applicable as a highly accurate and highly reliable humdity
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insulating material; electrodes provided on said support;* arf pbr ous *
silica filmwth carbon particles di spersgdLiEMBej n which is provided on
t he support so as 5 to be provided about at |east a portion of the
el'ectrodes. 2. A humidity sensor as clainmed in claim1 in which a
further silica filmis provided on the said porous silica film 10 3.

A hunidity sensorags clainmeg hﬁm£&££?1éeﬁéo§ tompbisinghe suppert of
constituted by an |nsEIg3|ng subsir e.,4. A hug1a|t sengor as
claimed in cl ai m ANBRLSELAG RAERELAL; celpEFFodeRLPFoELded PsERLG; ng
substrate 15  hasi ptsuandra porousfssiicaafimreoth éacboheparvieseand
the porous silica g??ﬁ1b2'ﬁnh uﬁtedﬂgise élg n&hh SYPER t f'g 5s ®

A humdity sensord §98F§Fheg gﬁe Ra¥ §ﬁo$ 4 Fﬁv F@h #hg %ngﬂ# g%ﬁg o as
substrate i sgmadetof bal prowvidedOabout aat, least acpontionyofrthé. 6.

A hum dity sensor kgEd in any preceding claimin which the el ectrodes
i

conprise a pair o Ctrodes.
A humidity sensor as claimed in claim 1 in

which a further silica £ilm is provided on the said
L porous silica film.

10 3. A humidity sensor as claimed in claim 1 or 2
in which the support is constituted by an insulating
substrate.

4. A humidity sensor as claimed in claim 1 or 2
in which the support comprises an insulating substrate

15 having a support £ilm of silica thereon, the electrodes
and the porous silica film being mounted directly on the
support £ilm.

5. A humidity sensor as claimed in ¢laim 3 or 4
in which the insulating substrate is made of alumina,
.20 . glass, or a refractory brick.

B 6. A humidity sensor as claimed in any preceding
~ claim in which the electrodes comprise a pair of comb
electrodes. |
7. A humidity sensor as claimed in any preceding
25 claim in which the electrodes are made,at least in part,
of Au, Ag, Pt, P4, Cr, or an alloy thereof.
8. A humidity sensor as claimed in any of claims

1-6 in which the electrodes are made of Ruoz.
9. A humidity sensor as claimed in any preceding



7. A humdity sensor as clainmed in anm,ir ecedi ng 25 claimin

whi ch the el ectrodes are nade at | east |r23pa1 mmwlm m, Pd, Cr, or
any of c—l ai s

an alloy thereof. 8. A hum dity sens
1-6 in which the el ectrodes are nmade of [err]. 9. " SA Aum dlty”sefhsor

as «<lained in @Iwmrﬂc%m the? 21&ctirddes Maveh nﬁﬂetleil‘a%rx@@es.elaave‘"’
mJItL-Iayered | e ort ns for nn to l.ead wires. 10. A
hum dity sensdf® "‘31?51 %r‘PPQ%l q\mdgi‘f‘:fteﬁ ‘east one | ayer of each
| ead portion iX0{or rred frlbrhuhidngr slensod asCrelaimed &EHinl cqlatmesed.n t he

remai ni ng par twﬂdc!?aﬂ] Tt o % ll%?el'}g om'fa%%c% 1dad #(jgrtio& poro& d' ty

sensor as claimed I n any preced ng-cl al i ca
filmw thscar e, dgas Pd-‘l.s;?d,s@dt oire an rald@’yt &hereo® ,t 4h®0 wt % of 10

said carbon pat éﬂﬁﬁ, ﬁéd[% in any
preceding claimin | c#%ﬁwte os.f.aleg poro?s s#q&l ca gm cge%on particles
di spersed therlin has a @hiktmiddsyosensor ggocj@memin any pxecediogty
sensor as cl aidmghal NRABAIRE CHE 'mgl ; Whi1gheal gen&awita%aﬁoa' lica

filmw th carbon particles di sperse ereln s produ farmng a

“silica sol w tRRREHES Sdepersed Fherein. sontadas, Lo te 5 Wt® ofnd by heat
treating soal d ddidncazdbon %ﬁrticles A hum dity sensor according to claim13

o om0, =1 1t C2 s Rl 3pB20:P el e ARG Bty ©

hydrol yzed solaliaion inf whivh ithen salidopoteus?silita film wishheaxbohy sensor

e her AR PR, Bhorbol b ¥ BRI L3800
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13. ' A humidity sensor as claimed in any preceding

claim in which the said porous silica film with carbon

particles dispersed therein is produced by forming a

silica sol with carbon particles dispersed therein into

a film, and by heat treating said film.

14. A humidity sensor according to claim 13 in

which the said silica sol with carbon particles

dispersed therein is produced by dispersing silica

particles and carbon particles in a hydrolyzed solution

of a silicon alkoxide. : _

15. A humidity sensor as claimed in claim 2 or

claim 4 or in any claim dependent thereon in which the : Y

further silica £ilm or the support film is produced by

forming a silica sol into a film and by heat treating

said film.

1s. A humidity sensor as claimed in claim 15 in

which said silica sol is produced by dispersing silica

particles in a hydrolyzed solution of a silicon

alkoxide.

17. A humidity sensor substantially as

15

20

25

30



farm'ng a silica sol into a filmand by heat treating said film 30 16.

A humdity sensor as clainmed in claim15 in which sal—d—s-l—l—l—ea—sgL_Ls\
peroduced by dispersing silica particles in a hydrolyz

0 ion of a
sili connaAwkom de. 17. : A hum dity sensor subst aﬁm '” ””m .
her ei nbef ore described with ref erence to and as shown u TCUNEE S 1,
4, 10 or 14 of the acconpanying draw ngs._24.

hereinbefore described with reference to and as shown in any of Figures

1, 4, 10 or 14 of the accompanying drawings.




