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*. 159 [59* *@00002* A Corrosion-Resistant Metal Mde
Sensor for Fluid and A Fluid Supply Device for which

The Sensor |s Enployed Field of the Inventio

The present invention is enployed nainly for aw mm”””"l
a mass flow rate and/or pressure in a gas su

l'ine, and the |ike, enployed in sem conductor *159159*
manufacturing facilities, and is concerned with a

e e e MY

enpl oyed, in which all of the gas contacting facesoms«
are formed of corrosion-resistant netals, such as
stainl ess steel (SUS316L) and the |ike, having

excel l ent corrosion resistance even to highly

cor r osi veAfdarfosgion-Resigtant Metat Made Semsor fes Fitichnt  net al
made sensor can be made particle-free and | eak-free,
and further enhanced withandespect to detecting
accuracy. Background of the Invention [0002]

Convent'%/ bhid Sypply Dexjsel forwkich Tae@ensoy lscEmplaged | ow
rate sensor, or a silicon-made ultra-small sized
thermal -type mass flow rate sensor, for which

m cro- machi ne technol ogi es have been enployed, has
been Rieldedfheibwantion nmeasure a mass flow rate of fluid
in various technol ogies, such as in chemical analysis
(0GR Fierpresend irveation lscsmploged maimy for dbteeaifg binddss flow rate
thermal -type mass flow rate sensor, is characterized

andior trnessiuae in aiges dupplysknes @ndtas liké SedpRyed M safidonductor
faces made of stainless steel due to ItS structure,

mantufadiuringfaoitities, tand is concemed with a corrosion-resistant metal made

- sensor for fluid, and a fluid supply device for which the sensor is employed, in
which all of the gas contacting faces are formed of corrosion-resistant metals,
~such as stainless steel (SUS316L) and the like, having excellent corrosion
resistance even to highly corrosive fluids. Thus, the corrosion-resistant metal
made sensor can be made particle-free and leak-free, and further enhanced with

respect to detecting accuracy.

Background of the Invention

[0002] Conventionally, a capillary thermal-type mass flow rate sensor, or a
silicon-made ultra-small sized thermal-type mass flow rate sensor, for which
micro-machine technologies have been employed, has been widely used to
measure a mass flow rate of fluid in various technologies, such as in chemical
analysis equipment and the like. The former, or capillary thermal-type mass
flow rate sensor, is characterized by the fact that the sensor has its gas

contacting faces made of stainless steel due to its structure, which enhances the
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(1) corrosion resistance of the sensor to fluids that

it nmeasures. [0003] Also, the capillary thermal -type
mass fl ow sensor nmust be equi pped wth a resistance
wire for a heater that is wound to heat a capillary
tube, which causes a problemthat |eads to unevenness
in property anong products. Another problemis that
the response speed of the mass flow rate sensor is
slow due to the relatively |arge heat capacities of
the, capi)lary tube and the resistance wre formng

corpsignggsistance of the sensor indiuidsthet it measurgsong wi t h
8&¥elopnﬁnt in recent years of the so-called

[00G3]c rAsemite eapillary dhermabiynes masa dloucsensgrrmust beéquipped
utilization of the latter, or of a silicon-nade

witl) 2 resistapee wirefetia hestardhattiy poundde hebbay capillarystabs owhich
have been wi dely under way. It has become popul ar, not

cayRey a preblem Hatnieads to cunavednésslinl property @nsong Products.
i ndustrial manufacturing fields such as .the

Angthespsoblem is that dhe tespooise spedd dfdhe hmss isw rate sensor is slow
silicon-nade ultra-small sized thernal-type nass flow

duedo thesralativelydangelteatraapHitisswof ¢ite bapiltarg tut® #nd the resistance
processi ng, thus reducing unevenness in properties :

witgnforgingrtbelbeater. Furt hernore, extrenely fast response
speed as a sensor can be achi eved by maki ng heat

[0G4pacon ites ctimerl har; alongisiiti dgvélbemesnNFPFecedt lyelifs of the
whi ch are regarded as desired characteristics of a

soatied ' mir@aRichindd weshmblogids, itise B8VEEphBAL atd afitaB%h BF the
many problens to be solved with silicon-made

lattel,t oraof ensllidonstadel ultraesrall sikyd)mermaptbe%srs?ﬂo‘ev P8 38hsor,
Anong ot her things, corrosion resistance i s one

- haps chdenmviidily uridetr el | t has dsecdrie Boputdt! YA oriPah the
is, a silicon-nade ultra-small sized mass flow rate
‘cheraltabrel#tap fie)ds, bst biseaR iAGustridiAREAhEEAhg %mgoél%ta the
form gas contacting faces. Therefore, a ~fundanenta

| auttdaﬂic{uute Eihﬂustqn @AdNther fikb, Yhedause Y icoARRade’ eltRREMall Ssized

a ese
thermal-type mass flow rate sensor can be manufactured by a single processing,

thus reducing unevenness in properties among products. Furthermore,
extremely fast response speed as a sensor can be achieved by making heat
capacities small by downsizing the sensor, all of which are regarded as desired
characteristics of a sensor.

[0005] However, it is noted that there exist many problems to be solved with
silicon-made ultra-small sized thermal-type mass flow rate sensors. Among
other things, corrosion resistance is one problem that is urgently needed to be
solved. Thatis, a silicon-made ultra-small sized mass flow rate sensor employs
silicon as a constituent component to form gas contacting faces. Therefore, a

fundamental difficuity encountered with conventional sensors is that these
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(2) silicone gas contacting faces can be easily
corroded by fluids of the halogen famly and the

i ke. [0006] Furthernore, organic materials such as
epoxy resin, an Oring and the |ike, are used as
sealing materials for the mass flow rate sensor, thus
meki ng the em ssion of particles, or the occurrence
of an outside | eak, unavoi dable. Consequently, such
sensors cannot be enployed for the gas supply Iine,
and the |I|ike, in sem conductor manufacturing

silicané Igasi emtacting Fa654 cam beheasilp cerroded byefiuidy’ ebtihalogen
exits with the mass flow rate sensor, nanely,

farhilpanditie like. i n det ecting val ues of the mass flow rate
sensor occurs when the pressure of the fluid to be

[00086) s Fuetherrhareg o/yaniy matesiaks STRH ébeeﬁb)@trééhl an Olﬁn? Bhe the
sensor itself caused by a nechanical tightening Torce

liké,cire Ubed!as sealingt matepibisFor %%hs‘s%%@séﬂs%wmﬁ Paking the
sensor is fitted to the gas supply line. These

enfissibn &3FSpartioles e d#nlﬁéeﬁélﬁﬁl%nbé &etaﬁcbb@ﬂiev fakeuraboidble.
mass. fl ow rate sensor. [0008] - vari ous

Cdngé eéi:ch%‘éﬁs&%%nﬁ@t\’dﬂ &HBB %&’go;re dé’@a%&lmlme and the

diffi tles with the afore- I

lif 58mTIER I mass flow rate sensor.
"kéjlfc;‘? %exanplhgd&mqu%ﬁﬁ@g\;?%wsé% of TOKU- KAl No.

[Oozfi?ElFﬁﬂﬁéﬁonr@ngnHﬂ%r %%b%xn&bwnﬁ GRd -mdds ﬂé\fv%geetsgﬁsor,

there is provide erature resi

nahf@4g ﬂu&ﬁat‘i’&h lhrb%téﬂﬁhﬁ rvtgﬁ%g folf ﬁ%%%?g fl ef’e#tle Tefsor Jc?l{l%‘gl?]hen

on ‘the upper face o rame roma si

oA 198 S S, ok S o
GBI S T B 4
whE ngragé' H%‘BS%%] seﬂggﬂ§ ﬁpg(? d %@%@Ssmkﬁﬁqlpﬁ ONPEEdd Mdblems
ca@ée%r?ev@ﬁﬂéés%%t@dﬂhb Gl B he thhEASWRAth sensor.

[0008] - So far, various techniques have been developed to solve these
difficulties with the afore-mentioned silicon-made uitra-small sized thermal-type
mass flow rate sensor. For example, with the devices of TOKU-KAI No.
2001-141540 and the TOKU-KAlI No. 2001-141541 and the like, there is
provided a temperature resistance layer Ee on the outermost layer of a film E,
formed on the upper face of the frame D made from a silicon substrate A, as
shown in Figure 20, to enhance stability of the film E. As shown in Figure 20,
E1 to Eadesignate a silicon oxide layer forming a film E, Es designates a silicon
nitride layer, Es designates a platinum layer, and C designates lead connecting
hardware.

[0009] As stated above, with the afore-mentioned silicon-made ultra~-small
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(3) sized thermal -type mass flow rate sensor, as shown
in Figure 20, there is formed a silicon nitride |ayer
E4 on the | ower face side of the frame D, or a
tenperature resistant |ayer E6 consisting of a
silicon nitride |layer, to enhance water resistance
and noi sture resistance of the filmE. [0010] Patent
Docunent 1. TOKU- KAl No.2001-141540 Public Bulletin
Pat ent Docunent 2: TOKU KAl No.2001-141541 Public
Bulletin Disclosure of the Invention Object of the
sizedhvtbemaliypemass flaw catersepsen as shewn indfigeral 20; sherb és formed
af ore-nmenti oned problens with conventional mass flow
a sitigan nitridedayer Buarntthadowe) fack aidewfdhe fraeesD| or  tamperature
anong products is caused and the response speed is | ow
resistant layerdgd ¢ansisfing of asilioah nitjdeclapersto éihance Watersesisahce
is used, and .(2) that the em ssion of particles, the
andauoisiuen tasisténceusfihe éilm Eaks, and the |i ke, cannot be
avoi ded when a silicon-nmade ultra-small sized
[0Q10}r Raterityocumeest 1f TOKUKAENS 200041411 5401S PdblidBGHESHE
such sensors are | ess corrosion-resistant, and al so
becalRatentDesteneart 23 TOKUWHKAE Noi2001val168%  Hublib Bull@hs
flow rate occurs due to changes in pressure of the
f 1 ui Disclobgrercf #sa!®entisn changes in the fitting
mechani sm of the sensor. It is a primary object of

t he poDsjeerdf theuR@htion to provide a
corrosion-resi stant netal made sensor for fluid and a

[0y dTiaInRkyermelveRtidrosoeli & talr&eﬁﬁé}&fb’nehsp%IHngé/ Qth

and (a) to nmake it possible that ultra-snmall size

coiNerlidasmaks Aowthfeosensora! duch 43901) %w&mgf if ?porgéferty

usi ng m cro-machi ne technol ogi es; ) turther,

anfongeprobuf8sis | ddused NiMd %eﬁpaﬁs%s-sﬁéét??éjﬂw wHeR2E 4&inahy

defecting values of the f d pressure Is

e St Lt s o i e
the @BLftéHteCof (Otiside leaks, and the like, cannot be avoided when a
silicon-made ultra-small sized thermal-type mass flow rate sensor .is used
because such sensors are less corrosion-resistant, and also because
unevenness in detecting values of the mass flow rate occurs due to changes in
pressure of the fluid to be measured or changes in the fitting mechanism of the
sensor. It is a primary object of the present invention to provide a
corrosion-resistant metal made sensor for fluid and a fluid supply device for
which the sensor is employed, and (a) to make it possible that ultra-small sized
products with uniform quality can be manufactured by using micro-machine
technologies; (b) further, to make it possible that unevenness caused by

changes in detecting values of the fluid pressure is automatically adjusted; (c) to

make a sensor of the invention equipped with excellent corrosion resistance; (d)

@



(4) 1 1 to make it possible that a sensor, in
accordance with the invention, achieves high response
speed and to make the sensor particle-free; (e) to
make the sensor outside-leakless; and (f) to make it
possi bl e that both mass flow rate and fluid pressure
are detected by the sensor. Means to Sol ve the (bject
[0012] Inventors of the present invention have
realized that by enploying mcro-machine technol ogies
to form 2 resistance thernoneter sensors, a heater, a
tomake itwossitle thad asensorcinaceotdance nith tieeinvention, ackisveskigh
for a nass flow rate sensor part and a strain sensor
respanserspeed arehtd miake thedehswr particle-free( (8)rtotnéke tie sensor
pressure sensor part by using a thin filmbody on a
ouisides-taakiessnantt (fPto makerib posyible asatsticth imagst fidw rats @hdoffuid
stainless steel and the like, can be made so that (a)
presseve arecdatected dydhe sgnsor. t he sensor for fluid is
prevented and corrosion resistance and responsivity
ar e eMbanstdSol¢diheObject i cl e-free and outsi de
| eakl ess sensor is achieved, (c) unevenness caused by
[0et2Andaseritorsdet € prasent MvieRioR thavb UiediRsd Ha! 15y 'e‘f’npl%ying
automatically adjusted, and (d) fluid pressure can be

micAnkEHiAe tddhneloglesits forf 2 FesittanceaR8PhorRétel serféors, %heater,
prototype of a sensor for fluid, equipped wth the

a Ieadswité @ conhact@@mentsPahd tR8dikt NRRir8E I8F 8§ Mass ﬂﬁw rate
part, in accordance wth the present 1 nvention, has

seR§spaitiand a 30€inCdepkat LIBMehed RaA R ar?:ﬁﬁ% IRE! FRLIFES for 2

thereon. [0013] The present Invention has been create

prévaars seRsdhParl BY udikytd WA il q)%ﬁ)o/ﬁ&ﬁi a r%%lbﬁﬁétgl tad’ of

various tests. e present inventi ‘as ¢ a!ned I'n
cofrbsibordsisthiit ﬁl@&‘l,aéifcﬁrdszﬁgin@ég%t&é? rd’nﬂst{]g rl]hé,e(?‘dnsﬁélﬁade so
nmet al nade sensor constitute so that thée nmass oW

thalt 34 PurfdVénRE&S UGB of th 'sEnd8rFolM AT ¥ BhvBMted shd &rfbion
resistance and responsivity are ‘enhanced, (b) a particle-free and outside .
leakless sensor is achieved, (c) unevenness caused by changes in detecting
values of fluid pressure is automatically adjusted, and (d) fluid pressure can be
monitored through the pressure sensor part. A prototype of a sensor for fluid,
equipped with the mass flow rate sensor part and the pressure sensor part, in
accordance with the present invention, has been built and operation tests have
been performed thereon.

[0013] The present invention has been created based on the afore-mentioned
idea and the results of various tests. The present invention, as claimed in
Claim 1, is characterized by a corrosion-resistant metal made sensor constituted
so that the mass flow rate and pressure of fluid are measured by its being

equipped with a mass flow rate sensor part 3 comprising a corrosion-resistant

(5)



equi pped with a mass flow rate sensor part 3
conprising a corrosion-resistant (5) r i substrate 2,
and a thin filmformng a tenperature sensor 3a, and a
heater 3b installed on the back face side of the
fluid contacting surface of the corrosion-resistant
substrate 2, and a pressure sensor part 4 conprising a
thin filmformng a strain sensor el ement 4a nounted
on the back face side of the fluid contacting surface
of the netal substrate 2. [0014] The present
supstratet2,cand adhio|fimfeaming ademperatureasensodidag and a heater 3b
invention as clained in Caim1l, is constituted so
installad zonc dhe obackn-faes i sidenof rtbeaﬂuidubsmtading strfase of the
fitted into the nounting groove 10a of a
cogosiongesistant sulsstrate 2andila pregsure sensor partid ohtprisihgaa thin
state in which its fluid contacting surface is exposed
filro formaing |y strainsenber glemeph¢a ahowrres onfthe Iack face side of the
corrosion-resistant netal substrate 2 is hernetically
fluie¢ahtakting suiface efthermétabsubbtratd £015] The present
invention as clainmed in Claim3, according to the
[00134] e Mhequresertt imleatiom,cas daifdedi iMClaifT 2, dcebrding tol tﬁe R/&Rtion
so that the out put drift to the pressure of the nass

asflaimedan Clahens & camstituté $GthadacorbSiensishRt ﬂéfa‘PH&bé@fate
the pressure sensor part 4. [0016] The present

2 ishfiteset infd 196 nfdLaiting grodve" B4 B da 'cérr&&gﬁ-réé?stﬁﬁlahe?altrﬂé&c;b

filmF inCaml, daim2 or Aaim3, is constitut

sefbdrhbage oSl at sta@ fi Which ﬁ@rﬂmﬂ ceﬂtacfu'it? shake 94 YxpBEed

the fluid contacting surface of

ouﬁﬁérﬂ@%r‘iﬂ“ﬂkﬁ%r@hé@l eds 8 the%ﬁé&nbﬁ#@sugﬁ?nﬁngﬁ‘i g%bsftfaltdé@ hd

that fornms a tenperature sensor 3a, a heater

hefrhétidally WRIHE tothe 5B¥or Hasé HEr eupon, and a protection
film6 to cover the insulating film5 and the nmetal

[061'5] mTie dr@%n?]nvﬁhﬁo@é@%ﬁi‘%ed i €Rfirh ¥) acésrdingdb T irvBntion
Caimb5, is nmade so

as claimed in Claim 1 or Claim 2, is made so that the output drift to the pressure
of the mass flow rate sensor part 3 is corrected by the output of the pressure
sensor part 4.

[0016] The present invention as claimed in Claim 4 is made so that a thin film F
in Claim 1, Claim 2 or Claim 3, is constituted with an insulating film 5 formed on
the back side of the fluid contacting surface of the corrosion-resistant metal
substrate 2, a metal film M that forms a temperature sensor 3a, a heater 3b and
a strain sensor element 4a thereupon, and a protection film 6 to cover the
insulating film 5 and the metal film M.

[0017] The present invention, as claimed in Claim 5, is made so that a

corrosion-resistant metal made sensor for fluid as stipulated in one of Claims 1

to 4 is mounted on a fluid controller in order that the flow rate and pressure can
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corrosion-resi stant netal made sensor for fluid as
stipulated in one of Cains 1 to 4 is nounted on a
fluid controller in order that the flow rate and
pressure can (6) be appropriately checked at the tine
of fluid control. [0018] The present invention, as
clained in Jaim6, is constituted so that a sensor
base 10 of the corrosion-resistant netal nade sensor S
for fluid as stipulated in Claim2 is positioned

inside the fluid passage 21 b of a body 21 equi pped
be prRropiatelycHpekadatithe tite qffividraptrebage 21 b for

commuyni cating . between the flowin inlet 21 a for the
[0618]; d'he piggertiavention. astclaimeddn Claimn Bois constitutediisd thst a
installing a metal gasket 27, in order that
senspmbase i10yof theneerrosiorrasiaignt metak miadeh sessarsSriobdid as
10 is held by thrusting the netal gasket 27 through
stipulated ivdClaimod isopositienesk insidertbea tfluith pdssages2tb baaebddy, 21
and at the sane tine stiffness of the structural
equippednuith ther efereymentionedt fieidnpasdagga kbt fo? 7coramunicating
relatively raised to hold the afore-nentioned
betweerethecllaw-in intai 2 1auppthesBuid S and dhe) flow-dut @utlete®tc for dhe
rate sensor part 3. and .the pressure sensor part 4
fluichions instatiiing: an mesali gagket 2% innetdser tyatermefdity étiveen Sh@body
the Invention [0019] In accordance with the present

21iandetheisensorbasest) sl il bytierustisthe retal gasket 27 thioagh iy
appl yi ng m cro-machi ne technol ogies, as in the case of

mediatiomroféing afonementibhedsernsaf basd 10, aanginalthe §arA8 UritBst¥ness
flow rate sensor, thus reducing unevenness in quality

of almwuptlmaiucrirﬁpdnbna diebilynabiove th@Gréthi g8sked 27 IS relatively
corrosion-resistant netal substrate, for exanple, the

raised $6 thaidetheagferesrishtiorsdSRdMhetichy Qhﬁ@rsugbﬁsgﬁgsﬂfam of the
substrate, is processed to make the substrate a hi

masisdlow, ratenserfsof pakt 3t fHttthe \PréssundSorisor phit Becanked B’?@iﬁuktﬂqg
be thin films so as to nmake the heat capacity of the
themetd gaskutR7ext remel y..snal |, thus increasing the
Effects of the Invention

[0019] In accordance with the present invention, a mass flow rate sensor is
manufactured by applying micro-machine technologies, as in the case of a
conventional silicon made ultra-small sized mass flow rate sensor, thus reducing
unevenness in quality among products to a minimum. In addition, a
corrosion-resistant metal substrate, for example, the substrate made with
SUS316L used for the sensor substrate, is processed to make the substrate a
thin plate, and a resistance wire and the like are made to be thin films so as to
make the heat capacity of the sensor part extremely small, thus increasing the

response speed of the sensor remarkably.

[0020] Also, in accordance with the present invention, all the gas contacting
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response speed of the sensor remarkably. [0020] Al so,
in accordance with the present invention, all the gas
contacting (7) faces are constituted of a
corrosion-resistant netal, and the sensor part and the
sensor base are assenbled by wel ding, and a netal
gasket sealing is enployed to nount the gas
contacting faces and sensor part and sensor base on a
valve body and the Iike, thus nmaking the sensor
corrosion-free, particle free and outside |eak-free.
fagedOr@]cohstitatédi dfiaocorrasioraesistart natalyahd thdserisoe pantand the
invention, a nmass flow rate sensor and a pressure
sensorsase[ze tassémbled bywelding) and @ matal gaskéteealing is employed
corrosion-resi stant netal substrate, thus making it
to pamit tHeega® cartactiig fabes an® sehsorPartcdrhgsrsor blse dhid Valve
amount) of the mass flow rate due to changes of the
bolly Lardi thy €iks,Utheis raskiHg i the $ENsBE cbitBsivAftéds paitidd19ree and
pressure sensor part, to allow accurate detection of
outdide BaRFrekbl ow rate and al so to out put detected val ues
of the pressure to the outside, when necessary. Brief
[00213 C 1 BEHHIEIBN,Oih-dcdd8rdahadiwitisthb Yrssint lv@rtien, la hiasd BWAate
schematic view of a sensor part of a

SeRSEr QffidONy I BreisSliraNtsemBoR! pdfRdgret NAINBBIrahtiPSofRES bhOVYhe
rate sensor according to the present inventi on.

frb&ig hAt tyd ' i
o ik S XAy TS o RS o

of ENENGURAURS Hrifl bHMUG d1find MfasSRBUALS BuB'ib BALALE & 1B fluid

corrosi on-resi stant’ net al e therm ype

i, g R LR 1 5 DUESEAL SRR g oo
actltatd BEYeERdH b thBmass flow rate and also to output detected values of
the pressure to the outside, when necessary.

Brief Description of.the Drawings
[0022] Figure 1 is a plan schematic view of a sensor part of a
corrosion-resistant metal made thermal-type mass flow rate sensor according to
the present invention.

Figure 2 is a cross-sectional schematic view taken along line A-A of
Figure 1.

Figure 3 is an explanatory drawing of the operating principle of a
corrosion-resistant metal made thermal-type mass flow rate sensor, according to
the present invention.

Figure 4 includes explanatory drawings illustrating the manufacturing

process of a sensor part, where (a) pertains to the preparation process of a

stainless steel thin plate, (b) pertains to the formation process of an insulation
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process of a sensor part, where (a) pertains to the
preparation process of a stainless steel thin plate,
(b) pertains to the formation process of an insulation
(8) r r filmb5, (c) pertains to the formati on process
of a C/Pt/Cr film(a metal filmM, (d) pertains to
the formati on process of a protection film®e6, (e)
pertains to the fornmation process of an el ectrode
insertion hole, (f) pertains to the etching process
_of the back side of the stainless steel thin plate,
filmidl () Peripinsttaithes formatisreprosessiota CoPYEr Gim (@meta) ks M)0fd)
sensor part 1. Figure 5 is a sectional schematic view
pertaingstor the feymation xpratess of aaprotemtionsiloné; ¢s)i pértdlhs to the
metal made fluid sensor. Figure 6 is a block diagram
formationsprpcess o taec elecyode rinsertion hole, At pertding to the dterifg
flowrate of a sensor for fluid, according to the
pracessaithe baelnsiderof te staintess steelahiapiits, ahd W ipertainado the
the relationship between fluid pressure and the fluid

sepamtion etohintprobessiefasenbocpdrt 1.0ut put of the tenperature
sensor. Figure 8 includes graphs illustrating various

char aRigerel 5tiscs settichas SBROHati@ ew ﬂﬁ%ﬁéﬂiq‘ﬁn_t&(aﬁﬁtﬁe of a
present invention, where (a) shows the relationship

cohetivressistanPeetil Hadedicdsdiat.er and the resistance
val ue of the tenperature detecting resistance, (b)
showsFigive 6 i_elaamcamagranb@rta/@gﬁlalwéﬁﬂa cRéuit 'th d&?@&ﬁﬁ the
and the resistance value of the tenperature detecting
mdseFloM rRECEF a 8&bok for fRID WecorkiMg th ShétpieBAfthPerltphveen
gas flow rate and sensor output. Figure 9 is a graph
T ustigarel M5 4 lgpaph mbﬁrﬁiﬁ?rtﬁﬁtr@%iiéﬁéh‘? bBfweRnSHUIF Bressure
when conpensation is performed agal nst pressure

ang fag sbﬁsdﬁiuﬁﬂnfbrie{;@EﬁéUiteoutE@tQ?f‘Pl‘i? %?ﬁdéeréliurézé&go? 10

is a diagramillustrating one exanp ow rate

' €SPFigqste 8 includes graphs illustrating various characteristics of a sensor -

part, according to the present invention, where (a) shows the relationship
between temperature of a heater and the resistance value of the temperature
detecting resistance, (b) shows the relationship between current of the heater
and the resistance value of the temperature detecting resistance, and (c) shows
the relationship between gas flow rate and sensor output.

Figure 9 is a graph illustrating flow rate characteristics of a sensor when
compensation is performed against pressure changes by using a pressure
sensor part 4.

Figure 10 is a diagram illustrating one example of flow rate response
characteristics of a sensor for fluid, in accordance with the present invention.

Figure 11 is a flow block diagram of a measuring circuit used for

measuring flow rate characteristics of a sensor S for fluid, in accordance with the
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characteristics of a sensor for fluid, in accordance
Wth the present invention. Figure 11 is a flow bl ock
di agram of a measuring circuit used for neasuring flow
rate characteristics of a sensor S for fluid, in
accordance with the (9) present invention. Figure 12
is a flow block diagramof a neasuring circuit used
for measuring flow rate characteristics to supply
pressure changes of a sensor S for fluid, in
accordance with the present invention. Figure 13 is a
presemfinvention.ust rating flow rate characteristics, at the
tinme _of supply pressure changes, of a sensor S for
flui dFBHrQaésolsdarﬂﬁw wladk diagranprof s& measwviagt éirznitagsed for
nmeasured using the neasuring circuit of Figure 12.
measying flow rate eharactedstice do supply pressure tHanges af 4 8gnsoT S for
exanpl e of an assenbly drawing of a sensor for fluid,
fluig; vaerandanae withetherpsesent invention.i on.  Figure 15 is a

cross-sectional viewillustrating another exanple of
an asKigutsl 43 & aiagganfillustrating dowfrate EharacterigtisbEihedtime
to the present invention.. . . Figure 16 is a

of aupply- pressiinenchangesyvof lal serisoatS for fAilid iASscBRdINCE! Bith T8
of yet anot her exanple of a sensor for fluid

pressnd inventiprt as trieaspredasig the eedsufifg clrt@téfridurel 2. @
plan view illustrati ng anot her exanple of an assenbly

of cFigaresdd Koa Elows-dectimaPvbiidilistrating & @X@Miple of an
invention. Figure 18 is a cross-sectional view taken

assérmbly drawiagBf 8 sehsér fokflgid Ldccordih@ty fhe;p?eée%t Tvehfien Vi ew
of the assenbly of Figure 17. Figure 20 is a

crossFig@ret 19 maa cvosevsdctibhe tviel iilBtratiey aHbthbP8x&thpR of an
conventional silicon nade ultra-snall™ sized

D e O S A ol g
et alFigoree16sis aseross-Séctiontl Wew illustrating the assembly drawing of
yet another example of a sensor for fluid according to the present invention.
Figure 17 is a plan view illustrating another example of an assembly of
a sensor for fluid, according to the present invention.
Figure 18 is a cross-sectional view taken along line B-B of Figure 17.
Figure 19 is a side view of the assembly of Figure 17.
Figure 20 is a cross-sectional view illustrating the outline of a
conventional silicon made ultra-small sized thermal-type mass flow rate sensor.
List of Reference Characters and Numerals
[0023] S Corrosion-resistant metal made sensor for fluid
F  Thin film

M1 Metal film that forms a mass flow rate sensor part

M2 Metal film that forms a pressure sensor part

(10)



F Thin filmM Metal filmthat fornms a mass flow rate
sensor part M Metal filmthat forns a pressure
sensor part (10) r i WCorrosion-resistant netal
material G Gas to be nmeasured 1 Sensor part 2
Corrosion-resistant netal substrate 3 Mass flow rate
sensor part 3a Tenperature sensor 3ai, 3a2 Tenperature
detecting resistances 3b Heater 4 Pressure sensor
part 4a Strain sensor element 5 Insulation film®é6 .
Protection filmé6a Protection filmfor the mass flow
rat e WensGerresion-restitamtrroetatmaterial i | m f or the strain
sensor part 7 Electrode insertion hole 9a - 9b
Resi s&s @asderheomedsuwred 10a Mounting groove 11 Heater
driving circuit 12a Pressure offset adjustnment circuit
Sensor part

2 Corrosion-resistant metal substrate

3 Mass flow rate sensor part

3a Temperature sensor

3a1,3a2 Temperature detecting resistances

3b Heater

4  Pressure sensor part

4a Strain sensor element

5 Insulation film

- 6 . "Protection film
- 6a Protection film for the mass flow rate sensor part

6b Protection film for the strain sensor part

7  Electrode insertion hole

9a - 9b Resists

10 Sensor base

10a Mounting groove

11 Heater driving circuit

12a Pressure offset adjustment circuit

12b Mass flow rate offset adjustment circuit

13 Offset adjustment circuit (for fine tuning)

14 Gain adjustment circuit

15a,15b Differential amplifying circuits
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12b Mass flow rate offset adjustnent circuit 13
O fset adjustnent circuit (for fine tuning) 14 Gin
adjustnment circuit 15a,15b Differential anplifying
circuits (11) 16 Mass flow rate output termnal 17
Fluid pressure output termnal 4ai 4a2 Strain sensor
el ements 18 Signal treatnent circuit 19 Ml tiplying
treatment circuit 20 Joint part 21 Body 22 Sensor
base presser 23 Wring substrate presser 24 Wring
substrate 25 26 Cuide {)i ns. 27 Metal gasket .28
Rubbet6 sMass floprateautput temsinalead wire (a gold wire)
31 Body 32 Pressure detector 33 Control Valve 34
Pi ezol®l ERNG pressurevautputitetmminaldevi ce 35 Orifice

4a1 + 4a2 Strain sensor elements

18 Signal treatment circuit

19 Multiplying treatment circuit

20 Joint part

21 Body

22 Sensor base presser

23 Wiring substrate presser

24 Wiring substrate

25+ 26 Guide pins

27 Metal gasket

.28 Rubber sheet

29 Lead pin

30 Lead wire (a gold wire)

31 Body

32 Pressure detector

33 Control Valve

34 Piezo-electric valve driving device

35 Orifice

36 Filter

37 Relay substrate

38 Bearing

39 Fixture screw hole

12)



36 Filter 37 Relay substrate 38 Bearing 39 Fixture
screw hole (12) 40 He gas source 41 Pressure adjuster
42 Pressure type flow rate controller 43 D aphragm
vacuum punp 44 Driving circuit for the sensor S for
fluid 45 Oscilloscope 46 Signal transmtter 47 3-way
swtching valve 48 Mass flow neter PI P2 Pressure
gages 49 Secondary side pi pe passage of the pressure
type flowrate controller (inner capacity of 15cc or
50cc) 50 Pressure adjusting valve So Flow rate out put
of the 4enklergas sogrcef | uid Fo Fl ow rate output of the
pressure type flow rate controller M Flowrate
out put 4ff Prassueesadjbsterv net er PT Qut put of the
secondary side pressure gauge 51 Fluid flowin inlet
52 Fl ui42 f Prassoret type flowtratéasintstiete of Carrying Qut the
I nventi on

43 Diaphragm vacuum pump

44 Driving circuit for the sensor S for fluid
45 Oscilloscope

46 Signal transmitter

47 3-way switching valve

48 Mass flow meter

P1.P2 Pressure gages

49 Secondary side pipe passage of the pressure type flow rate

controller (inner capacity of 15cc or 50cc)
50 Pressure adjusting valve
So Flow rate output of the sensor S for fluid
Fo Flow rate output of the pressure type flow rate controller
Mo Flow rate output of the mass flow meter
PT Output of the secondary side pressure gauge
51 Fluid flow-in inlet
52 Fluid flow-out outlet
Best Mode of Carrying Out the Invention
[0024] [Preferred Embodiment 1 of the Corrosion-Resistant Metal Made

Sensor for Fluid]

An embodiment in accordance with the present invention is described

as follows with reference to the drawings. Figure 1 is a plan schematic view of

(13)



[0024] [Preferred Enbodiment 1 of the
Corrosi on-Resi stant Metal Made Sensor for Fluid] An
enbodi ment in accordance with the present invention is
described as follows with reference to the draw ngs.
Figure 1 is a plan schematic view of (13) sensor part
1, which is an essential part of a corrosion-resistant
netal made thermal-type mass flow rate sensor
according to the present invention. Figure 2 is a
cross-sectional schematic view taken on [ine A-A of
sefsgupart 1, WHIER & aSassentig) art df & eoprobivATesistaht fetal made
corrosion-resi stant netal substrate 2, an insulation
thémaktypel mase flowratesensppaccdraing tothd prserbpvémion. 2 Figure
mass flow rate sensor part 3 and a pressure sensor

2 ipar drods-ectiondl soheiatic vigwetakéAon liné ALROf Fighfa!y at i on
filmb5, and a protection film6, and the |ike, formed

[0085]t [SengBspart | @omprigés a U6iA TBfrodidhiresistahlRedll 856stfRe 2, an
sensor part 4, and the |like. Al so, the

insuilation- NG fored o u%ﬂéﬁ/f 468 6f hreNsuBStraR! teﬁnfﬁ%%\nﬁr%‘fe

a tenperature sensor a heater 3b an I ke

seASSF HdIe 304 8-preSsure RAsOr Bt U RrmBa R tr%aﬁépe‘} faﬁe of the

conprises a strain sensor elenent 4a, an

méu%iéﬁ%ﬂn‘@'a\hd a Pfdté@?bﬁ‘?ﬂrﬁ /6, dhd tﬁ@‘ﬁ : m‘l%ll %hi gwas% flow

thin filmFis orrredvvltharretal

raténseﬁdb‘i UhaH '33nthfe' ngs§urea'§g?1§8rt PanIt eﬂpSH@ttHéehl&et e&l%b n%e

resi stances eérature sensor

afdt8 FhértioABd nﬁ‘éhseﬂcﬁﬁété SehSBH 3 %Sﬁgﬁggsha%ﬁwg(e%g%rel sensor

illustrated), a straln sensor ele a an

aaEq'ne%téF 3 8R4 'tﬁ’é‘ f<é 'éﬂcphh%n ff)paemer? d RSEurd! %‘ﬁs@??aﬁ{h

t he back face SI ing surtace

canPﬁseé:Q frain %s&?@lhﬁ#ﬁpha;ﬁﬂheqﬂgsﬂs L&ivel Iy: A'F}ﬂrthgﬂr}oge

ectroelnsertlon W th ppro

o ShoMTTRAS 3 A B ETE R AR GSL AR b
inslaB¥f i S,hgng'ﬁlﬁcfdn%br%ré WEtedtihg WosiSt3RSs 33+, 3a2 of the
temperature sensor 3a, a heater 3b, an electric conductive lead part (not
illustrated), a strain sensor element 4a and the like, and a protection film 6 on the
upper face side (or on the back face side of the fluid contacting surface) of the
corrosion-resistant metal substrate 2. And, an electrode insertion hole 7, with
an approximate size, is formed on the afore-mentioned protection film 6 by an
etching process.

[0026] A gas G to be measured flows in the direction of the arrow, shown in
Figure 2, along the corrosion-resistant metal substrate 2 on the under face side
(or the surface side of the fluid contacting surface) of the sensor part 1 as shown
in Figure 2 and Figure 3. When this happens, some of the heat of the gas G is

given to the corrosion-resistant metal substrate 2, thus resulting in shifting of the

(14



Figure 2, along the corrosion-resistant netal
substrate 2 on the under face side (or the surface
side of the fluid contacting surface) of the sensor
part I as shown in Figure 2 and Figure 3. Wen this
happens, sone of the heat of the gas Gis given to
the corrosion-resistant netal substrate 2, thus
resulting in shifting of the (14) tenperature
distribution Tt of the corrosion-resistant netal
substrate 2 fromthe tenperature distribution To,
temperagurerdistebutionntt oflthevcofrosjes-résistant mbtal sebgtestaRuem the
di stribution Tt as shown in Figure 3. [0027] As stated
tempenadyre clistripyetioni To, where thepe isaholflow &f ghs iG) ub tiwntemiperature
corrosion-resistant netal substrate 2 caused by the
distlilbutionfTt gashGwarie Figues8nt ed as changes in vol t age
val ues at both ends of the tenperature detecting
[00273i smnsm@abovaa&hhh?wgh trditeimperatae disaiti®eni bf a
the resistance values of the tenperature detecting
coresion-resistant Matal s@sstrate'\RicabiséPbytid Wow 6MHS Blats Presented
sensor 3. Thus, the mass flow rate of gas G can be

askclmmyebyindobltaye Melueshaneeth iehds her ¥l téeBersfird €detRetiny
differential output. The above stated operating

registancdspla, Gh: threugh eddumtiohydsTechERgSs firl e f&ﬁs%ar%@;\%%eé of

identical to that of publicly known silicon made

the bstnparatury RRRtERRY fdsRY4ncat SBa3eR8a9" which 'BhA ‘Etg%gtgfnp%ratu re

detail ed explanation is omtted herewth.

serdh 3.arThus, ithE RaSS AWl of 'b%sgﬁscéf'\ .bbok%rg%}g%’%tg%{ng

is continuously detected through nediation

chéigdshm #id IbladgeeVaRes CAE Bfffgﬂﬁ'rtiaﬁ '69%.@.6 TRE %%R'/Eesttaheéj

changes of gas G are detected as out put changes of

opériatifg Priﬁ@BFéQSf thE HRITRAI typa -mAss LSS Fdtb I%%ﬂsc%rq% ?J%ntiggl%Llﬁgt
of changes

out pu the nmass flow rate sensor par

of pubieknown shicer %ﬁeﬂﬁeﬁ&l%ﬁ?éﬁ@ a%t? gg e sC 'f't‘?erpﬁ)é%\,l

measlured, a detection val mass

a dofiigd plRgtigPRridIheRWAnSensor part 8 is corrected
y using a detected pressure value at the pressure

[0028]'SSimiRAY! thé pressure of the gas G, to be measured, is continuously
detected through mediation of output of the strain sensor element 4a, and the
pressure changes of gas G are detected as output changes of the strain sensor
element 4a. As described later, because output of the mass flow rate sensor
part 3 changes roughly in proportion to pressure of the gas G to be measured, a
detection value of the detected mass flow rate at the mass flow rate sensor part
3 is corrected by using a detected pressure value at the pressure sensor part 4.

[0029] The response speed and sensor sensitivity of the mass flow rate sensor
part 3 are affected by the corrosion-resistant metali material W, which forms the

afore-mentioned sensor part 1, because the thermal capacity of the sensor part

1 changes with its thickness. Referring to Figure 1 and Figure 2, in accordance

(15)



[0029] The response speed and sensor sensitivity of
the mass flow rate sensor part 3 are affected by the
corrosion-resistant netal material W which fornms the
af ore-nenti oned sensor part 1, because the thernal
capacity of the sensor part | changes with its
t hi ckness. Referring to Figure 1 and Figure 2, in
accordance (15) with the present enbodi nent, a
stainless steel thin plate (SUS316L) of |ess than
150,4 mthick is used. It is possible to raise the
WImetbp Present pabadinnent sa stainlessssteal ithin\plate (8Y SBHELL)raf ledsthan
t hi ckness I ess than 150,4 m thus the heat capacity of
150hemdbickds used: It is posgikie te maiskahe rekpomeerspeet andesensor
wi t hout saying that the thickness could be nore than
senSillyity by makingfthe dhickniessdegsoihan 160qad, thud the heat capacity of
sensitivity are assured. [0030] As described |ater,
the Isensdropart rfeist alsaesinalles.ul HdweverS itIgoes withaut sayi ih%ti the
filmhaving a thickness of 1.2 u mto 1.8 a m forned
thitknessecotiltk balmard thafVD50 pred kfaslifficidregssorise \épeel and sensor
Deposition nethod). In accordance with this
sensitivityi arerissuredl. 5 u mthick SIQ2 film formsd by the
CVD (Chem cal Vapor Deposition) method, has been used
[0030] tAReddseribédidtenttd Afatemehfieied indhiatioh e 578 3hi Bidised

tenperature detecting resistances 3ai, 3a2 and heater

fildthadlng aaHRkhésyoR 1281 @l tof i l8m M férﬁ{éaeg e WdldHled “CVD
mask pattern (not illustrated) for the mass flow rate

méil%wogaﬁé}ntobﬁ \afpr eDapYition ¢hethHg)| airi %cf)fdaﬁbé with Nthis

accordance wi th the present enbodi nent

enib%ﬂl?ﬁérﬁt Hrﬁs%ecﬁfcerOz iRl %rﬁié‘éie§¥ ¥ C\,@ns ?r?nﬂ:laf r\r/]apor

heat er and the like, are made from a

D @gmgug) rh&th@d%s%ééﬁ uddd 1Bt ﬁu\éhﬁﬂﬂéthﬂn%ﬁ%s of

10, u m respectively) l'am nated, in

[003r1ije'ThetéfoFehﬁeH@&@d Qﬁﬁi&éth?&ﬁefé%ﬁﬁ@%s&tg é%] 3a1, 3a2 and

Simlarly, a strain sensor el enent

heﬁ%? 3b drb!mad@ frofiPa FRalBimUs} ffmed r@sﬁsl Etrﬁﬁik Bé‘@érn (not

ustrated) for the strain sensor "part- on t
|Ilustrated) for the mass flow rate sensor on the afore-mentioned insulation film 5.

In accordance with the present embodiment, the temperature detecting
resistances 3a1, 3a2, and heater 3b, and the like, are made from a metal film
formed by a Cr/Pt/Cr film (with thickness of 10/100/10 » m, respectively) that is
laminated, in order, by the vapor deposition method.

[0032] Similarly, a strain sensor element 4a is made from a metal film M2
formed by using a mask pattern (not illustrated) for the strain sensor part on the
afore-mentioned insulation film 5. In accordance with the present embodiment,
the strain sensor element 4a, and the like, are made from a metal film Mz formed
by Cr/Cr-Ni/Cr film (with thickness of 10/100/10 . m, respectively) that is

laminated, in order by, the vapor deposition method.

(16)



afore-nmentioned insulation film5. In accordance with
the present enbodi nent, the strain sensor elenent 4a,
and the like, are nade froma netal filmM forned by
C/Cr-Ni/Cr film(with thickness of 10/100/10 u m
respectively) that is |amnated, in order by, the
vapor deposition nethod. (16) [0033] The
af ore-nmentioned protection film6 is a filmbody to
cover the upper part of the tenperature detecting
resi stances 3ai, 3a2, the heater 3b, the strain

[0033]s obhe-plora:mentianedpeptegtion fim &  is ianfilacbesytteneayeniienupper
t he present enbodi nment the 0.4 to 0.7 p mthick Si02

Par{ of n‘ﬁ?ttﬂ@Pﬁ@&fedemst@S@@nQQﬁ 3pwudaz,haerwatdrsb, the strain
pressure sensor Part 4), formed by the CVD nethod, is

sefiserielemenbda, and therlikeecin accordanceawiths ther preseietcembadiment,
suitably shaped el ectrode insertion hole 7, nade by a

the 104 @ %?am ithjckn&i@o dilm t(thedmaes diov eate edemsdr pat 3 add the
and the like, through the electrode insertion hole 7.

pressuEel |senser ipagk4), dfoemed dy tfe OUD anethod; ts-usedi sARD, the
netal substrate 2, which forns sensor part 1, is

proteaticrhiikn @iis previded withes suitebly ssapedhealecttdde WssttiohHeole 7,
sensor part 1 is eventually separated fromthe

magde by si plasma stahimn metteddalito dedve bublhn eWohpde rod sadthef like,
the so-called "through-etching processing." As

throagk thebeldctrodet insertibh@okechar at el y fornmed sensor part .1
Is hernetically fixed to the corrosion-resistant

[0084] aTheexbek fhacsida b threstrsidpassisiht ethlag®strae! 2| %lch
or the like, so that the corrosion-resistant netal

formedeersongairt §, fsofinisthad dith o eslEkHeRE df0esd MParPASOEM. The
I nvention, having the structure as shown in Figure 5

sehsorgarich I%Set\ﬁehtﬂaﬁsd separatdd fedih ehebcortdiion-Feststam URétaMaterial
groove provided on the sensor base 10. [Wrk Process

W ddy & heethot 98 théaotdallbd Cfbdudrestching ﬁ@ﬂéﬁsﬂfds’ur A8 Qdééemked

process of the mass flow rate sensor part

latéor e fsbpar@ie'gy efoffRBd | SERGr SEArs Of i%afl"lbrri'ietlda‘ﬂy eﬁi&oa'taeﬂw
as foll ows I gure
corrosion-resistant metal made flow rate sensor base 10 by laser welding, or the
like, so that the corrosion-resistant metal made sensor S for fluid, according to
the present invention, having the structure as shown in Figure 5 is so constituted.
In Figure 5, 10a is a mounting groove provided on the sensor base 10.
[Work Process of the Sensor Part]

[0035] Next, a manufacturing work process of the mass flow rate sensor part 3,
which forms the afore-mentioned sensor part 1, is explained as follows. Figure
4 provides explanatory drawings showing the manufacturing process of the
mass flow rate sensor part 3, and pressure sensor part 4, which form the sensor

part 1 in accordance with the present invention.

[0036] First, as shown in Figure 4(a), a stainless steel made thin plate

an



4 provides explanatory draw ngs show ng the

manuf acturing process of the namss flow rate sensor
part 3, and pressure sensor part 4, which formthe
sensor part 1 in accordance with the present

i nvention. [0036] First, as shown in Figure 4(a), a
stainless steel nmade thin plate (17) (SUS316L) with
appropriate di nensions, for exanple, of the dianeter
of 70 to 150mm 0 and a thickness of less than 150 u
m is prepared for the corrosion-resistant netal

(Sussesl)avith appwpeatenditriensions afor Rainphi, oft the) dRANBIEALF 70 to
plate (for exanple, an austenitic steel plate made of

15amar ¢Ni andl | aylhicknbes ofhdassa thdn n50sL% ahnlieSsrepared for the
pl ate can be enpl oyed as the corrosion-resistant netal

comesion-redistakit mpmateriEhert goss Whl@dm sbgin@tl%tfaethﬁ\( metal Plate
S film5 (an insulation film t hi ckness of

(forprampleranhedustenitity stdel SlafeomaBd 73 CARI albyS othéiCthah 2L fin
of the afore-nentioned prepared stainless steel thin

tailedLstel| [latd) &fBe ISl &L thel
® Chem ?:al egpor Depo@;?tf%n ﬁwec‘garﬁ)f%gaﬁl '\ﬁhg!%ﬁﬁ'?g%%l material

W.(Tetra- Et hoxy-Si | ane) is used. [0038] After that, as
shown in. . Figure 4(c), there are fornmed patterns of

[OGBG’ITDEFhéﬁ Lﬁsﬁsl‘iﬁhﬁﬁ'ﬁ FIBGré @(55') S4 %“‘Gﬁﬁlmg? (?n ?’r%%mtiﬁp rfﬁrﬁnzgﬁtg a

and t he made from a neta

thlékn@%é Rys/ éﬁ"pr&hh\meqy"ﬁté‘uw IC koA™Y 6h thO/ QUPQJ E':Qck fce of the

respectively) by ‘enploying an el ectronic

afd?@-ﬁﬁén‘%né?/ %ﬁéﬁ‘?@%téﬁ@% ; e?'?hlndrﬁytbct?? agﬁi Qt(?Ylﬂac%/lce

patterns ustrate florm

(PIEShE ECIGReR  EPolical Ve eP@PB*?'ﬁ}rf“E%v@%}e?%ﬂ@%% fEds
(Teﬂ%%tﬁ?%qigﬁw%ﬂ dgps flowrate sensor part 3, has

been en patterns of a strain sensor el enent

[OO?VJ : ﬁ‘i’l?ﬁl hatte éé ik,ﬁ?wqqﬂ 15@;1%14?0)9#1(9& Ne rhfd¥ Hhttdrb s

ess 0
temperature detecting resistances 3a1, 3az, a heater 3b, and the like, made from

a metal film M1 formed by a Cr/Pt/Cr film (with thickness of 10/100/10 » m,
respectively) by employing an electronic beam heating-type vapor deposition
device and photo-mask patterns (not illustrated) for forming a mass flow rate
sensor part 3 on the afore-mentioned SiOz2 film 5.

[0039] After the metal film M1, which forms the afore-mentioned mass flow rate
sensor part 3, has been formed, then patterns of a strain sensor element 4a, and
the like, made from a Cr/Cr-Ni alloy/Cr film (with thickness of 10/100/10 x m,
respectively) are made on the SiOz2 film 5, as shown by Figure 4(d), with a metal
film Mz by using photo-mask patterns (not illustrated) for forming the pressure

sensor part 4 instead of the photo-mask patterns for forming the mass flow rate

sensor part 3.
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respectively) are nade on the SiQ2 filmb5, as shown by
Figure 4(d), with a netal film M by using photo-mask
patterns (not illustrated) for formng the pressure
sensor part 4 instead of the photo-mask patterns for
formng the mass flow rate sensor part 3. (18) [0040]
And then, a Si02 film(a protection film 6, of
t hi ckness of approximately 0.5 m is formed on the
tenperature detecting resistances 3ai, 3a2 and heater
3b, which formthe nmass flow rate sensor part 3, and
[0840]t Mindstheni a Si@xfilor (a prbtaction file), 6, \Whthickriess BB appreximately
pressure sensor part 4. The protection film6 is nade
0.9 hmaug flormtes on thectemperatiire deteeting @sistitices 3ad Iz 8HE Beater
4(c) and Figure4(d), which utilize the plasma CVD
3hgevhicle form théimdsst fiew abte semsontpaph 8¢ ahBGSn itife sBER ST
in accordance with Figure 4(e). [0041] Then, on the
elerhentedayewhiclo fierechspthet gressure senbon Sarfde THE DrétBetion film 6 is
el ectrode takeout hole (an electrode insertion hole
mate thraughethb precestes 8Pthe afplféimbnﬁicﬁwddsﬁéukqféc) AREFi ured(d)
tenperature detecting resistances 3ai, 3aZ and hgate
wiidh utiling thesplasma CVBCdévistefdr aAeN thd afdtesttioned TEOS is
illustrated), with a bore of approximtely 100,u m
enipieyed in a¢eedahes withFigirs 3(g). sensor el enent 4a. The
el ectrode takeout holes are nmde by using photo-nask

[00E] t aheR, oM dte bfdrélpidntibREd prdledRINSIRNG %"&éﬁ%{j%ja% electrode

insertion hole, in accordance wth Figur

tal@ont 81k (4h &) ' ' ey
AKERLROID e RS UGS BAEDIEA it bire dr 28p it it [ dsed for

thd eerhpéralira sddte&ingCretistaitoes $4C 231@9 Snl" REAEP ?bs tﬁ@ﬂ?lgﬁ an

automatically upon conpl etion etching of t

elecirbde tokeoti€ %f&ld@ﬁ'il)ﬁstrh{é%?r,aevyitﬁ a'Bo a&?%ﬁ;}m@gésl)( }1@62 m,

so-cal l ed "over-etching occur

thatiis BSed RF 1% Stréif seRBol@¥MehELs CAM ERctrsR BRboMH dlestare

i s detached
made by using photo-mask patterns (not illustrated) to make an electrode -

insertion hole, in accordance with Figure 4(f), employing the plasma etching
device that uses CF4gas.

[0042] Because SUS316L or Cr has a high tolerance to the plasma of CF4 gas,
etching progress stops automatically upon completion of etching of the SiO2 film
6. Accordingly, there is no danger at all that so-called “over-etching” may
occeur.

[0043] Lastly, after resists 9a, 9b have been coated, sensor part 1 is detached
from the material W by cutting through, in a circular shape, with the etching
treatment using ferric chloride solution (FeCls - 40wt%).

[0044] The circular shaped sensor part 1, once separated from the material W,

is fitted into the mounting groove 10a of the sensor base 10, formed in the shape
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fromthe material Wby cutting through, in a circular
shape, with the etching treatnent using ferric
chloride solution (Fe 3 - 40wt % . [0044] The circular
shaped sensor part 1, once separated fromthe materi al
W is fitted into the nmounting groove 10a of the
sensor base 10, fornmed in the shape (19) as shown in
Figure 5, and is welded and fixed hernetically to the
sensor base 10 at the outer periphery part that is
| aser-wel ded. Thus, a corrosion-resistant netal nade
assshowar in Biguse 5f and i$ welded dndhfixedohérhmtipaliytothe sensonbase10
is constructed. [0045] Figure 6 is a bl ock di agram of
atahei qiert pexiphery ipag that dsiildset-weldéel e Thusgaacorrosioh-resistnt
rate of the fluid sensor S, according to the present
métal/made sens&f&forﬂ'uiyrwcomgﬂbtthé?réémciﬂivént%miarcbﬁﬁﬁuo?ed.
sensor part 1 forned by a mass flow rate sensor part
[0345] nFigurpré:issal block elisgpamisiid signalcddicting! cirdlit Yorn@etecting a
circuit 11, a pressure offset adjustnment circuit 123,

mass e rétbmf/thetﬂ'ald)éér%@t' SAGcusrdiig o 1hblresdnt idvihtioAN The
of fset adjustment circuit (for fine tuning) 13, a gain

sighdl defetting cireuit bbrpAges a @ehéer i Héfbrrﬁéﬂbefay hiads ﬂow rate
.circuits 15a, -15b, a mass flow rate output term nal

sehSor partfd Wnd Arpessure 552#1%8#1 aHe4 ThNRdatdr’ driding! Gl 11, a
treatment circuit 18, a nultiplying treatment circui't

prdsburédBfiset adjudément! difk8it 128, éh’%‘é@ flot rEtéJM‘f t §d1u§ﬁ’nedﬁ%#§ult

3a2 are tenperature sensor elenents, 4al

12B! &n §ﬂ§e¥'aﬂj®ﬁﬁéﬂrmr@hiﬂf§ﬁﬁr§e tuh@ﬁ? Sglﬁéﬁ@édﬁrgéﬁt &t HCEHW

6, the mass flow rate sensor

diffpEHti 'aﬁibllf?/‘inqt Bfcuigatsal 19p) é{ 'n‘iﬁ%scﬂcfv@ pith o]uémt\ﬁgﬁﬁ\nal 16,

resi stance “val ues change Wit tenperatur changes o

ﬂufthre'éE%r&ﬂ tstéilﬁnr’ia?lnigeraa&prp étﬁfetn't CUIFSIBStaaHI%ﬁlp%g

and the downstream s erature de

treéfr‘ﬁér?tt é]&%l andthé ik O A% tdhown! HTR g e\%aﬁ %}%O\A;%af are

el ement the mass flow rate sen

terﬁ at&é‘%en@dr%lé%ﬁeﬁf@?l{) . %@%{é E‘t‘i&l{" érrb?e?lﬁ?nts

anges are |nputte eren

[0621'6 Céﬁregenrﬂlégt@ﬁg‘&l@ﬁ I8 rissViw RHE sefdl ptah% is heated by the
operation of the heater driving circuit 11. When resistance values change with
temperature changes of the upstream side temperature detecting resistance 3a1
and the downstream side temperature detecting resistance 3az, which form the
temperature sensor element 3a of the mass flow rate sensor part 3, while the
gas G to be measured passes through, these changes are inputted to the
differential amplifying circuit 156b as changes of voltage, and the differential
amplifying output is outputted to the mass flow rate output .terminal 16 through
mediation of the mass flow rate offset adjustment circuit 12b, the offset

adjustment circuit 13, and the multiplying treatment circuit 19.

[0047] Because the corrosion-resistant metal substrate 2, which forms a
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anplifying output is outputted to the mass flow rate
output termnal 16 through nediation of the mass fl ow
rate offset adjustnent circuit 12b, the offset
adjustnment circuit 13, and the nultiplying treatnent
circuit 19. [0047] Because the corrosion-resistant
nmetal substrate 2, which forns a (20) sensor part 1
of the present invention, is nade to be a thin film
the sensor part | strains with the gas pressure when
gas G passes through, thus resulting in changes of

senser Bar  of theuprasent dmvention.tie mastecto bee it i, thegsensor part 1
resi stances 3ai, 3a2 of the tenperature sensor 3a, soO

steging withuthe gaSeptass@ewbem gas Gfpdsses throughy tHus @sulting in
sensor 3a change. [0048] Figure 7 shows the

chaspes ob resiistandsevalsemof thei tdmpersdurerdetedting resistances 3a1, 3az
adjustnment is nade with the pressure sensor part 4

of ( themi¢mpenatire gsensoaddajssoeas towniake ptheSbud? addtpétt of the
adjustnent circuit 12a, the adjustnent with offset

tempptatmnemunsocﬁia charigel3 by output from the signal
treatment circuit 18, and the gain adjustnent wth

[0e48]n Bigres tfrshowsi theurdlatiohshipabetwided fIGES pidsgife’ @h8n no
out put (the output nmV of output term nal 16) with the

adjustmentsis nserie Vitrothe Preisige sehdofpal ﬂgﬁ%bly' mé?am Sdustment
Curves A, B and C show t he nmeasured val ues he

withgsresSifre affsetrdopitmedt dheu i 2a IHBabRstriéht WaIRRSHSat é’ﬁstment

detecting resistances 3al, 3a2) with three sanp

cirbGi0 49 by loutpsit Frldar th@@@éﬂra%@éﬁthh&uh?@ta@{d tﬁ@ dath adjustment
operated or the heater 3b is not operated

wittgean adRBtedrit@icdiess)c and tiamdss hel ré{th&%ut?ﬂ(hetd“u?puamV of

sensor S changes wth change of fluid pressure

oufpU Rermihdl 18)ewigpifR ﬂlﬁ@ts%hs&pgra%bbﬂa%gﬁfbr fh%n;Sresent invention.
experimentation has confirmed that t'he anount

 CupVe A EB iandtd §hd3\ﬁ$héﬁ1%ﬁ§t§>red%|dé§9(m HEeako of h%gprent \{alu% of

pressure P of the upstream side tenperafure detectin

5meR the WAperatire %Bﬂachﬁ% aézg?é‘lﬂﬁe?s il bRt HIBE 5ahples.

det ecting resistance
[0049] In either case of when the heater 3b is operated or the heater 3b is not

operated, experimentation has confirmed that output of the sensor S changes
with change of fluid pressure. Or even with the same heater operating current,
experimentation has confirmed that the amount of change in the resistance
values, due to fluid pressure P of the upstream side temperature detecting
resistance 3a1and the downstream side temperature detecting resistance 3az,

differ.

[0050] As stated above, when an ordinary resistance bridge circuit is employed,

a problem occurs in that output of the sensor part 1 changes with the generation
of strain. However, using the signal detecting circuit according to the present

invention, the sensor S is constituted so that the rate of amplification of voltage
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[ 0050] As stated above, when an ordinary resistance
bridge circuit is enployed, a problemoccurs in that
out put of the sensor part 1 changes with the
generation of strain. However, using the signal
detecting circuit according to the present invention,
the sensor S is constituted so that the rate of
anplification of voltage (21) values, outputted from
the upstream si de tenperature detecting resistance 3ai
and the downstream side tenperature detecting
vajues;, sutpyited from thejupsieeant sidettemperature delectingerdsistance @as
the nmediation of strain sensor elenents 4ai, 4a2, the
angy hesdgwnstrepaesidadpmperature dstectingt resistancetBazsindrthe offset,
treatnment circuit 18, and the Ilike, with the output
are ffinertuned through rthe suediatiorpof strdin Skinser etsmerde fah,ndahahe
out put voltage values of the tenperature detecting
presstire oifsetcadj@stmenB alcuit p2aydthe esigriay trebtmentircaittiBpandfthe
the fluid pressure P, is cancelled out by adjusting
like hwithftbe coutpittframdhbe pngdsufe sahsamparatte Thds,t dtangbs Ietthe
As a result, it beconmes possible that output changes
outgutt Yaltagensaluepaot te tempelaturgasieticting Wieistamic8s 3a1, 3az,
perfectly constrained, thus making it possible to
predieddyethy application whte fuidpressaieeP, ik @aAddlelica bg aBjusting
illustrates characteristics of a sensor S forfluid
thexafore-thergiohed tdneplificatimeate hny &8 ofisot. FAS W Rs8it,al bsESHes
the rel ationship between the tenperature of heater 3b

possiblet that oafiut tohaAGey af t sEhel arBt Dby e Wast fssure, are
rel ati onship between the current value of heater 3b

Ffactl \ i iblel
peffactlyt bensteinet, ahee makindeit gl wa&ﬁéf(é)g C%'évt;éegﬁada%tetﬁg;w

rel ati onship between the gas flow rate
ratdet ected output value (V), respectively. [0052] The
resi stance val ue of the heater 3b of the tenperature

[0053DS Pigude 8 illustratbsiohafdAsHsties ¥Pd sensor STBF Mfid 8EbstHing o tHe
Figure 8, is approximately 2.4k 0, and the

-preis‘ggt ??gﬂg@s.vgﬂgﬁé ;?gé} dg'rag/sttﬁéfﬁﬁét%déhﬁa KEtWEER tHBtemperature
of heater 3b and the resistance value, Figure 8(b) shows the relationship
between the current value of heater 3b and the resistance value, and Figure 8(c)
shows the relationship between the gas flow rate (SCCM) and the detected
output value (V), respectively.

[0052] The resistance value of the heater 3b of the temperature sensor 3a,
used to measure various characteristics in Figure 8, is approximately 2.4kQ,
and the resistance values of the temperature detecting resistances 3a1, 3azare
each 2.0kQ (both having identical values). 10mA current was passed to the
heater 3b, and 1.2mA current was passed to the temperature detecting

resistances 3a1, 3az. Also, the fluid pressure was kept at a specific value of

100kPaG.
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each 2. 0kQ (both having identical values). 10mA
current was passed to the heater 3b, and 1.2mA
current was passed to the tenperature detecting
resi stances 3a,, 3a2. Also, the fluid pressure was
kept at a specific value of | OOkPaG (22) [0053]
Furt hernore, changes in the output value of the sensor
part 1 were approxinmately 1.0V when the gas flowrate
was nmade to change in the range of 0 to 100SCCM
However, the output value was anplified 500 tines
[0053]h FurthepRorearghlangésin thd oatpd} vhlueaoinei Qéhsob%ﬁu‘ﬁ@vere
t he out put val ue of the sensor part 1 depends on the

appireximatety 1 Ovhwhérethghgasoflow hate iWaswnades kagitangedh \m?@ranbefbf
flow rate sensor base 10 of the fluid sensor S and

0 htI0SIGCM. (Hovesvge, tiéoutput valire wasaniplified 500 8iRfdsi Witfthe OP
| ater, the range capable for neasuring flow rate can

ammmep)aroprl ately switched by adjusting the
af ore-nenti oned hei ght of the flow passage. [0055]

[06B4jurle s@ditiohpbéczaisethé batpuehalib GTIhé Beﬁﬁr"iﬁ?ﬁ fdleHér‘i’ds on
flow rate and sensor output at a time when t

thecleasince (méfhﬁgﬂwt BRiHe flbw SasBBEE Bctie & thetfiw @Eéﬁso'r Pase

performed b e pressure sensor part 4 as shown iIn

10F3fghe Quid. seﬁsoﬁS%\Hﬂ thé fluil SHE SgdshdAt WEFiBLireS WIS aéé%nbed

case when the pressure sensor part 4 is not ’oper

lated, tHe @nkb ¢hpatie ﬁ&r&h@&uﬁhg hQ@@@%aﬁf@‘ﬁigoprQ{élgﬁwﬁcﬁdeby

shown in Fi gure 8). Curve A2 shows case
adfustihgl tH &6 FlfrRntiSndPheigitt &fﬂbelw PaSza (enamel y, the

pressure sensor part 4 not belng ope af ed, and ot her

[0055)]' d 'F‘iéju ; 69D lilﬁétratsé( B fé‘ﬁl?)%hlﬁvieé\ﬁ@&f ﬂ@nﬁ MW Pt YndQdh éSr

ve A3 shows the case € pressure sens

ouléb@tt bt 4 tinfe WRBH MePre ‘f%lﬁrﬁ den¥blndH & ?sQ‘ Hp&a@d a5} ?ﬁme&t is

her conditions experinments € sane aSsS

el 49 sk S5 RARY I ot 1 HSY 9 ffpwn i
Figi?@d, "Cve IAi3hows the case when the pressure sensor part 4 is not -
operated with a fluid pressure of 100KPaG (namely, Curve C as shown in Figure
8). Curve Az shows the case when the fluid pressure is raised to 150KPaG
(namely, the pressure sensor part 4 not being operated, and other conditions for
experiments are same as those of Curve A1). Curve As shows the case when
the pressure sensor part 4 is operated with fluid pressure of 150KPaG (other
conditions for experiments are same as those of Curve A1). In accordance with
the sensor S for fluid, according to the present invention, testing confirmes that
even when fluid pressure changes from 100KPaG to 150KPaG, changes in the
flow rate-output characteristics are completely prevented by operating the
pressure sensor part 4.

[0056] Figure 10 shows one example of flow rate response characteristics of
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even when fluid pressure changes from 100KPaG to
150KPaG changes in the flow rate-output
characteristics are conpletely prevented by operating
the pressure sensor part 4. [0056] Figure 10 shows
one exanple of flow rate response characteristics of
(23) the sensor S for fluid, and al so shows
characteristics in the case when the gas flowrate is
set at 0 to 100SCCM As shown by Figure 10, Curve SA
denonstrates the flow rate response characteristics of
the sensas s for flgid, @ndfdlso shows chardctegstics ihltke pass ahen the gas
invention, and the lateral axis is graduated in
flopsoatecis sel @t kG to CLOGSCGM. i |Asushowheby fFigwrer 40 Curve SA
response characteristics under the sane conditions as
demanstratels thecflowsateflesponset eharacteristiosi dfhthe ser¥oe'S Fstlid
pressure type flowrate controller. Figure 11 is a
actondingotocthé prdsagt imventlort, aad mee Ritsrangiis & GradiAted ¢ 250M5ec
measuring the rel ati onship, shown in Figure 9, between
blagks. f Cowve SRlllastSiEERbwaatk epefsccchapadtanitics ainder fh\é) sa%e
the afore-nentioned fluid sensor S according to
copditiorengs ithosendfi the.més flawrdtbedengdswits aSetvehfshdi p?é@sure
the He gas source 40 to the pressure type flow rate
typeofidw oadeecortidliémr Fitline ttheas Y B&F Widtk dig?r‘é?ﬁ ®f tHEL meABErin
t he exhausted flow rate is nmeasured wih pressure typeg

cirbuibwged fof e r‘gﬂh’e&élaﬁgnélm‘{b | s*hohﬁ ih Figurbau Béﬁ\%e?ggra{s%w

di aphragm vacuum punp 43. 058] The sensor

ratk [(SCEM)amaQietedied b@tphh@au@é f\fb)%ﬂhé é‘f‘éﬁé"eHeﬂﬁonéM‘ﬂLﬁ@aEﬁso? S

sensor to be tested, ed tot primary Si

acédr@igRatha dRestint tlrli\iénﬂbﬁSSHélﬁJmS F‘g%é %’Vﬁu lfed from the He

controller 42. As shown in Fig esl gna

gaslsbiicBA10 16! the PrssLRY typBIIoHERND Eorrctr(;ll@r 45 Ith'r'oﬁ hpég ure

rate sensor), 45 designates an osci oscop

- adjdgﬁe'r gnataﬁa tRe ekAaRted 'ﬂaﬂ%lé ﬁ%eagﬁ}gd Wl@\"‘bfe%l?rﬁ%b@ Yow

So of the sensor S for I nputted to

e o o sy e
[0058]t TRE |sBhsdrS for fluid, according to the present invention, which is a
sensor to be tested, is fitted to the primary side flow passage of the pressure
type flow rate controller 42. As shown in Figure 11, 44 designates a driving
circuit for the sensor S for fluid (a flow rate sensor), 45 designates an
oscilloscope, and 46 designates a signal transmitter. The flow rate output So of
the sensor S for fluid is inputted to the oscilloscope 45, and is contrasted with the
flow rate measurement value Fo from the pressure type flow rate controller 42.

[0059] Figure 12 is a flow block diagram of the measuring circuit used when
supply pressure of the afore-mentioned sensor S for fluid, according to the

present invention, changes. As shown in Figure 12, 47 designates a 3-way

switching vaive, 48 designates a mass flow meter, 49 designates the secondary
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[0059] Figure 12 is a flow bl ock diagramof the
measuring circuit used when supply pressure of the
af ore-nmentioned sensor S for fluid, according to the
present invention, changes. As shown in Figure 12, 47
designates a 3-way sw tching valve, 48 designates a
mass flow neter, 49 designates the secondary (24) side
pi pe passage (with the inner capacity of 15cc or
50cc), 50 designates a pressure adjusting valve (the
degree of opening so adjusted that P2 becones 100Torr
sidet pipeepddsage qwith dhe irofer 2paERY) of 86t bF 506%), 60 UeBiynbfes a
pressure gages. [0060] Wen the neasurenent is
pressude atjusting ivalver (thes degreefoftdpening g6 adjustsaPinat ®2 bBcémes
mass flow nmeter 48, and to the sensor S for fluid (a
10pTon at thedfle flow rateraf 208CCOMY and iPe) P2 desighatd Fretsgu#éegages.
neasured) and to the pressure type flow rate
[008D)t Whérethd nessur@dent i ebRdLittad) the PErREESHeCHOH Biet BSs
3-way switching valve 47. The secondary pipe passag
supPliedab thé\mais A6W Wistet 4B @nidlt i '
ggt so that its inner capacig\tw)‘/é iﬁsr%fggg&zﬂgjrﬂ E%%@ydgéﬁe

présent FVEAISIRY ¥ s8h&let toBeaRsad fedia 'oeto"’lﬂh g)%s%ﬁ ré)m:)% %yzrate

pressure adjusting valve 50 so that t press

cohtpollp @298 madkes chi]ﬁ%e!'!%/ Sﬁe:)r}iﬁgi/ﬂg‘sibgttﬁe B%va%%ﬁln@%@%%?

the full |oad operation cuum punp

T ko g 0, B eSS0 S e AR

| ow rate € nmsSs
. nr f .
sef SOLMBRNE hRcbabdity BN PRRUIGT 5005 (AL I Secondary side

Prédurd P$ Eeé‘otjtijéfé‘r? 86 él% Sr'gisgﬁ’ﬂét écﬁgstfgﬁo\%% 5658 rtl’?'éatqrﬁ% Yrdefire

osci | | oscope. ure WS neasur erne

PO AhE B s ol By OO D AP
of e EHS oy e o Tou Yl 5170000, ol e
BT 30 R VRDRES: 1 oot o4 o dBERE oy W Bopr
pres8ird t9he 1B rate controller 42, and the pressure measurement values P4,
P2, respectively, are inputted to and recorded by the oscilloscope.

[0061] Figure 13 shows measurement results obtained with the
afore-mentioned measurement circuit shown in Figure 12. The state of
changes in the detected values Fo, P2, So, Mo is shown at the time when the
supply pressure is made to change from 200KPa - abs to 150KPa + abs. It is
revealed, from Figure 13, that when the detected value So of the flow rate of the
sensor S for fluid, according to the present invention, is compared with the
detected value Mo of the flow rate of the mass flow meter 48, both detected

values Soand Mo of the flow rate (flow rate signals) keep up with the changes in

supply pressure
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sensor S for fluid, according to the present
invention, is conpared with the detected value M of
the flow rate of the mass fl ow neter 48, both detected
values So and Mo of the flowrate (flow rate signals)
keep up wth the changes in supply pressure (25)
[ Enbodi nent | of the Fluid Supplier] [0062] Figure 14
shows one exanple of a fluid supplier equipped with a
sensor S for fluid, according to the present
invention. It also shows a state of the sensor S for
f | ui dlEmkadiment 1 of the Rluid Supplie nt part 20 nmounted on
the gas flow passage. As shown in Figure 14, 21
[0eRi 3“!1914@51 4showsyonef exanplé of a fluidaupplist,eqibped adthanéresdr
a sensor base presser, 23 designates a wiring
S formiuidaaecqrding sorthe presetdsingentions &t alss ishows W staté ol the
'25 designates a guide pin, 26 designates a guide pin,
sepSord8sfog flaidethad isrdittedl tgahéddint partd2ts nuateSoR the [2R' flow
sheet, 29 designates a lead pin, and 30 designates a
paksage. wiAsesHoavroial Riguvier ), 21 Hesighbfysea BBy bPIE Joinptrt20, 22
pins 25, 26 are used for positioning the mass fl ow
desighatesansansoBbabe prasset, 23 desighatbstdwirhg dubsirae (f%sééﬁ,eﬂ
body 21. Herneticity between the sensor base 10 and
detignatesdywitihg isabstrats! 26 desighates Beyuids gih ﬁ@aléﬁgn@@s a guide
[0063] While the fluid gas Gflows in fromthe fIU|(§J
pirf, 2P\designiatdsed nidtal qasketP2S 888ignates AUaBbEr SHeel w@e%?%?}%
21 b, {ghe mass flg\%ra?e of gas Gis dete&éé’gz by the s

a lsedpi, apardo desigiiles Bachd Wird (gag%lﬁl\/f.rbs?mrrg%ﬁiréiﬁme\ﬁh&med

the fluid flowout outlet 21 c. I n accordance wt

guidagimy 25,78 are 6B foibsitioRfigithb TndkS flowstatéberor stRdn it is
the substrate 2 is corroded by the gas G as occurs

ftted {dthe AL BB Tod5 21| CABTTERLRY HURTLArAHE senBEARIEE 0 dHa
gas to be neasured’ passes throtugh sensor ile
the%ﬁtfﬂy@lt is Maiiabried bYR8 HdtalRiRes2pSt rate 2. [ Enbodi nent
- [0063] While the fiuid gas G flows in from the fluid flow-in inlet 21a.and passes
through a fluid passage 21b, the mass flow rate of gas G is detected by the
sensor part 1, and the fluid gas G flows outside via the fluid flow-out outlet 21c.
In accordance with the present invention, there is no risk at all that the substrate
2 is corroded by the gas G, as occurs with conventional silicon made substrate,
because the gas to be measured passes through sensor S while contacting with
SUS316L made substrate 2.
[Embodiment 2]

[0064] Figure 15 shows the case where the sensor S for fluid, according to the
present invention, is fitted to the main body part of the pressure type flow rate

controller. As shown in Figure 15, S designates a fluid sensor, 31 designates a

body, 32 designates a pressure detector, 33 designates a control vaive, 34

(26)



[0064] Figure 15 shows the case where the sensor S for
fluid, according to the present invention, is fitted
to the main body part of the pressure type flow rate
controller. As shown in Figure 15 S designates a
fluid sensor, 31 designates a body, 32 designates a
pressure detector, 33 designates a control valve, 34
(26) designates a Piezo-electric valve driving device,
35 designates an orifice and 36 designates a filter.

[ Embodi ment 3] [0065] Figure 16 shows an alternate
designatesg pigzotalestriovalve drivieg devics, 3Ddesignates an oificaland 36
to the present invention. However, it is substantially
designatesefiter. that in Figure 15. Since the structure of

a pressure type flowrate controller and its main
par t s[EBmbhadimentd]di scl osed by, for exanple, Japanese
Pat ent No. 3291161, the TOKU KAI-HElI No. 11-345027 and
[008%]erfSgurexth ahaws an aiferndtodittirig positiore of the 8o < for fluid
here. The nmethod of fitting a sensor S for fluid is
actomlingptotthe praseat ineertioni mblovevér, Riigsutstdriiafy tHe ¥dimd é‘s that
Figure 14. Therefore, the above expl anation is not
in Figueat! 5d. S|ricehinelistrecture?df 4 PRBELIreHyHs flSerZtet <§brh:r‘o@lézlr'r §nd195
show anot her exanple in which a.sensor
main partdihage beeh isclysed &y for BXSMpled Uapén%sfe' F‘ét@rq Nk?3991 161,
structural conponent, which constitutes a
the TUKOKIAMHE | @Y1 345327 ind dthars, \ekgnatidr Bf @mé%t:hétu?e is
cross-sectional view, and Figure 19 is a side view As

ondftedvivelsy FRihgumethbd bOfittiih H/6ensk?: S Idr fiGia] @f}ﬁé%%n?e in the
rel ay substrate, 38 designates a bearing,

enfbosingsritiof Figuré l16tal$ftﬁat5|ﬁ M ae Théverdrd ethéedgﬁ% e§plaﬁ&tlon

designates a fluid flowin inlet, and esl gnates a
is ﬁdtl#epieafté@\/\/- out outlet. The nethod of fitting a sensor
S for fluid is the same as those described in Figure

14 anembodimént4p- Therefore,
[0066] Figure 17 to Figure 19 show another example in which a sensor S for
fluid, according to the present invention, is fitted to a structural component,.
which constitutes a fluid controller. Figure 17 is a plan view, Figure 18 is a
cross-sectional view, and Figure 19 is a side view. As shown by Figure 17 to
Figure 19, 37 designates a relay substrate, 38 designates a bearing, 39
designated a fixture screw hole for the sensor S, 51 designates a fluid flow-in
inlet, and 52 designates a fluid flow-out outlet. The method of fitting a sensor S
for fluid is the same as those described in Figure 14 and Figure 16. Therefore,
an explanation of the fitting method described above is not repeated here.
Feasibility of Industrial Use
[0067] The present invention is mainly used for detecting mass flow rate and/or

pressure in gas supply lines of semiconductor manufacturing facilities, various
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an explanation of the fitting nmethod descri bed above
is not repeated here. Feasibility of Industrial Use
[0067] The present invention is mainly used for
detecting mass flow rate and/or pressure in gas
supply lines of sem conductor manufacturing
facilities, various (27) kinds of chem cal product
manuf act uri ng equi pnent, and the |ike. However, the
present invention can be also utilized for detecting
~mass flow rate and pressure of a gas in the gas
kinsisyfl ohemiicat productrenapufacturisigreéquiprhéer] dsd tHe2like. Blowewen fthe
Caim Wat we claimis: [1] A corrosion-resistant
presendinventian sam be raldocutilizéd fat deteuting ineadsziealv Rite bhatprédsure
is so constituted that the mass flow rate and pressure
of afgalinithi gasesupphyslimesdn manyiindushil figldequi pped with a
mass flow rate sensor part conprising a
corrosion-resi stant netal substrate, and a thin film
formng a tenperature sensor and a heater installed
on the back face side of the fluid contacting surface
of said corrosion-resistant substrate, and a pressure
sensor part conprising a thin film formng a stain
sensor elenent installed on the back face side of the
fluid contacting surface of the corrosion-resistant
nmetal substrate. [2] A corrosion-resistant nmetal nade
sensor for fluid as clainmed" in Cdaiml whereinit is
so constituted that a corrosion-resistant netal
substrate is fitted into the nounting groove of a
corrosion-resi stant netal nmade sensor base in a state
in which its fluid contacting surface is exposed
outwardly, and the peripheral edge of the
corrosion-resistant netal substrate is hernetically
wel ded to the sensor base.
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[3] A corrosion-resistant netal made sensor for fluid
as clainmed in daiml or CGaim2 is so nade that the
output drift to the pressure of the mass flowrate
sensor part is corrected by the output of the pressure
sensor part. [4] A corrosion-resistant netal made
sensor for fluid as claimed in daiml1l, Caim?2 or
Caim3 is so nade that a thin filmis constituted
with an insulation film fornmed on the back side of
the fluid contacting surface of the
corrosion-resistant netal substrate, a netal film
that forns a tenperature sensor, a heater and a (29)
-29- strain sensor el &eopeof&faima protection filmto
cover the insulating filmand the netal film [5] A
Whatwei claipfis:y devi ce for which the corrosion-resistant
netal made sensor for fluid is enployed characterized
[1by t Ketorosion-resistant metalisadesenset for fluitecharactessd Byothat it
fluid stipulated in one of Clains | to 4 is nounted on
is go fopnstituteddhat thielneass fovo raterantifpressure of Y dratingeadiifed by
pressure can be appropriately checked at the tine of
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wheeeil tliglsé Bénstituted that a corrosion-resistant metal substrate is fitted into
the mounting groove of a corrosion-resistant metal made sensor base in a state
in which its fluid contacting surface is exposed outwardly, and the peripheral
edge of the corrosion-resistant metal substrate is hermetically welded to the
sensor base.

[3] A corrosion-resistant metal made sensor for fluid as claimed in Claim 1
or Claim 2 is so made that the output drift to the pressure of the mass flow rate
sensor part is corrected by the output of the pressure sensor part.

[4] A corrosion-resistant metal made sensor for fluid as claimed in Claim 1,
Claim 2 or Claim 3 is so made that a thin film is constituted with an insulation film

formed on the back side of the fluid contacting surface of the corrosion-resistant

metal substrate, a metal film that forms a temperature sensor, a heater and a

(29)



afore-nmentioned herneticity is relatively raised, thus
suppressing strain of the mass flow rate sensor part
and the pressure sensor part caused by thrusting the
nmet al gasket. (30)

-29.
strain sensor element, and a protection film to cover the insulating film and the
metal film,

[5] A fluid supply device for which the corrosion-resistant metal made
sensor for fluid is employed characterized by that a corrosion-resistant metal
made sensor for fluid stipulated in one of Claims 1 to 4 is mounted on a fluid
controller in order that the flow rate and pressure can be appropriately checked
. at the time of fluid control.

[6] A fluid supply device for which the corrosion-resistant metal made
sensor for fluid is employed characterized by that it is so constituted that a
sensor base of the corrosion-resistant metal made sensor for fluid in Ciaim 2 is
positioned inside the fluid passage of a body equipped with the afore-mentioned
fluid passage for communicating between the flow-in inlet for the fluid and the
flow-out outlet for the fluid by installing a metal gasket in order that hermeticity
between the body and the sensor base is held by thrusting by the metal gasket
through the mediation of the afore-mentioned sensor base, and at the same time
stiffness of the structural component directly above the metal gasket to hold the
afore-mentioned hermeticity is relatively raised, thus suppressihg strain of the
mass flow rate sensor part and the pressure sensor part caused by thrusting the

metal gasket.

(30)



