I" A Corrosion-Resistant Metal Made Sensor for Fluid
and A Fluid Supply Device for which The Sensor Is
Enpl oyed Field of the Invention [0001] The present
invention is enployed mainly for detecting a nmass flow
rate and/or pressure in a gas supply line, and the
i ke, enployed in sem conductor manufacturing
facilities, and is concerned with a
corrosion-resistant netal nade sensor for fluid, and
a fluid supply device for which the sensor is

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

excel | ent AcQomesionResisEmht Ml Mady8endd? féH FIdY
corrosive fluids. Thus, the corrosion-resistant netal
made sensor can be made pagad cl e-free and | eak-free,
and further enhanced with respect to detecting

accur ac FilddSippiunelied for hidhmensemdbrid BRployed
Conventionally, a capillary thermal -type mass fl ow
rate sensor, or a sSilicon-made ultra-small sized
thermal -type mass flow rate sensor, for which

mi cr ofielg bf the IhesHiieal ogi es have been enpl oyed, has
been widely used to neasure a mass flow rate of fluid

[0001) aThe® preskaCARENtRE] i§§m_Pfd#@B mAdinly foCdt88tt iRl 3 maRehYs rSte
equi prent and the |ike. The former, or caprllary

ahdver prissiingift dTBAS supplPing 2A%d BRNBQY, enployditinaEdnBbb iR tor

by the fact that the sensor has its gas " contacti ng

nfaﬁafa&tumﬁ gacilitic8! ahd|s@oncEHRe with's cbﬁoéiéﬁ-r@éiétﬂﬁt}f rHtéﬁ!emade

whi ch enhances the (1) corrosion resistance o

s&fs0p r fluld, fand! &l Suib Nipplyt deRaSfor Yhich $élsthsbt RCampldfed, in
capillary thermal -type mass fl ow sensor nust be
- whighialiRsfdhe 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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with 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.

Anot her problemis that the response speed of the nass

flow rate sensor is slow due to the relatively large

heat capacities of the capillary tube and the

resistance wire formng the heater. [0004] On the

ot her hand, along with devel opnment in recent years of
corsiorsesistnced'ting ssrsorieiidethat R ehexsuass. es, t he

devel opment and utilization of the latter, or of a
[080B) cAlsontrie capillarg-themhdl-typer athsk RiwBbnéoRuSEES dqued

rate sensor, have been w dely under way. It has
witke acesistanpa wire, fon atheardrithat s iRind b &iiae al capiieal RBe, which

fields, but also in industrial manufacturing fields
causeb asprbblem ahdtolsabis |t UNelsIneYs dn dproperty | dffiond) §FGaLRSs.

a silicon-made ultra-small sized thernal-type mass
Afdther prablensisithstithe asbpofsaBpeddet the ehhde)iow @it 8dior is slow

processi ng, thus reducing unevenness in properties
dusorttie pelatiedy largdvedt h:ﬁgﬁiliés of the CaSINEY Yubeahd fHRSB8RAMCce

speed as a sensor can be achi eved by maki ng heat :

wicafoagirig e heardrl by downsi zing the sensor, all of
whi ch are regarded as desired characteristics of a

[06@4]s00n th@O0Sther Haney Blongi With HelBbBhehh @ rbbH &yevd oF the
many problens to be solved with silicon-made

soutdlled-aii@blmadhigst tbiiodied, RE JEREIBPpeANahdLBIiSRBA Vfthe
Armng ot her thi ngs, COrrosion resi stance IS one

laterpbf 6 siliedn-imaide LBRNEMYII BRBE MWerhrial-Be MAsY Al rdtBaknsor,
is, asilicon-made ultra-snmall sized mass flow rate

. havenbeén ewiHERY sndél Ma§ON [Bhad BREGHE! y&,miarcorﬁmosﬁlgt irf he
formgas contacting faces. Therefore, a fundanental

chéirfiddl-eethten mm@@mnhhsﬁanmﬂmaeﬁﬂngwgécﬂ s the
that these (2) silicone gas contacting Taces can be

| at?ﬁgbﬂl;iibekg@e@ﬁ%dbmé liké,dbedusehs didonaRBde fittasthafiNélzed
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 mahy problems to be solved Wifh
silicon-made ultra-smalf sized thermal-type mass flow rate sensors. Among.
other things, corrosion resistance is one problem that is urgently needed to 'bé
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 difficulty encountered with conventional sensors is that these
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[ 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 naking
the em ssion of particles, or the occurrence of an
out si de | eak, unavoi dable. Consequently, such sensors
cannot be enployed for the gas supply line, and the

i ke, in sem conductor manufacturing facilities.

[ 00071 Furthernore, another problemexits wth the

sifBthe ddsOvbritaéihgSRBES tan u@&&*&yi corfodeH U} 19l of the haiogen

detecting val ués of the nass Ow rat e “sensor occurs
faMigandthelily. essure of the fluid to be neasured
changes, or there may be distortion of the sensor

[obOSE! FurBiRimBrk, R¥gahid RIS dlicH A9BbSRY RS %Qﬁ-ﬁhggnd_ the

thrust) that occurs when the nmass flow rate sensor i

likel bﬁﬁeﬁ%stﬁ%lilg&am trt 'er}ﬁass-gﬁtﬁf Eaé@%gé’%&ﬁgﬁv r gﬁl the

unevenness I n tecting val ues

ergi%Qféﬁr of HBRARRLs, 3 Y oc&ﬁ%‘?%? of %‘?{‘:&gg&‘iﬁvﬁstlﬁ ﬁ%%mable.

evel oped to sol ve these I C

C&f&bﬁeﬁ‘&ﬁ&f‘%ﬁﬁ éﬁ\;ﬁvt ggté@pst&g%a %ﬁﬁ%g%s %Qé‘ﬁngf"‘ee and the

thermal -type nass sor.

akh i a0 2001- 141540 dth
RS o e

TOKU- KAl ‘e like, there is

[Oﬁ(ﬁ'ﬂwﬂ%eﬁp&@%o?{égrﬁppﬁﬁkﬁk@%hl ﬁ%elrnagg 30 e sensar,

out'ernost” [ayér o ormed on the upper tace

na‘é’rﬁ%m%id;dag&ﬁ iy %ﬁg{%a%@s%f?ﬁé ey fléwﬁéier%bg?ﬁ%ccﬁfﬁ when

I gure enhance stabl

thgiplre%%uﬁéqeﬁ’mgfﬂfd: {9 &e%gured %ga‘["ﬁ?ﬁ%éqﬁ%iqﬂ%@ IS% gl(jﬁt%rgo% of

II'i'con oxide Tayer formng al _
0F SNl i) XFichBafENNAL cd 6B o
G e L TR
cophf U it AR ot il W e SGEE, o
[0606{€. 85 e VAAGUE tiinnffued hSVBPHeBhUbibveloped to solve these
difficulties with the afore-mentioned silicon-made ultra-small sized thermal-type
mass flow rate sensor. For example, with the devices of TOKU-KAI No.
2001-141540 and the TOKU-KAI No. 2001-141541 and the like, there is
provided a temperature resistance layer Es on the outermost layer of a film E,
formed on the upper face of the frame‘ D made from a silicon substréte A, as
shown in Figure 20, to enhance stability of the film E. As shown in Figure 20,
E to Es designate a silicon oxide layer forming a film E, E«  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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resistant |ayer E6 consisting of a silicon nitride

| ayer, to enhance water resistance and noisture

resi stance of the filmE. [0010] Patent Docunent 1:
TOKU- KAl No. 2001- 141540 Public Bulletin Patent
Docunent 2: TOKU- KAl No.2001-141541 Public Bulletin

Di scl osure of the Invention Object of the Invention
[0011] The present invention solves the

af ore-nmentioned problens with conventional mass flow

sivéd thesrRabYHS mae Flowaated sensbh ab sHERK SNPREFe 20 tRERRETdrhed
anong products is caused and t he response speed is | ow

a‘sliieon aitideiavePEYon tHdeweRfade)dife SBHS ffanfeD! of 8 téﬁﬁéi%'fure
is used, and (2) that the em ssion of particles,

reSistart I:5R€ Es 6bngistingioi @ dllﬁ:@h%{tn@@ fybh e éhi‘féﬁce%é‘%s%nca

avoi ded when a silicon-made ultra-small sized

and@bBRire ry$lstanes 6f thedii 't € sensor is used because
such sensors are | ess corrosion-resistant, and al so

[ObegjaURtentDEMRREIRSS TOKLIRIAE fbi 200 1441826 qfubhélsun@tﬁﬁ
flow rate occurs due to changes in pressure of the

f1 ui dPagenbBoBBMERI 2OrOKUS MIES001014 1311 Ilbﬁﬁlieseuuetu
mechani smof the sensor. It is a primary object ?

t he pDRERIBUrd SMREINVRALIG® Provide a _
corrosion-resistant netal nade sensor for fluid and a

f 1 ui dopjeepbytheemiertiohor  Which the sensor is enpl oyed,
and (a) to nmake it possible that ultra-small sized

[0PTAAUThE BielsBntu i veRtioh dstNdst Xhe %?or%emaﬁfweﬂcg%tﬁéngywnh

using mcro-nmachi ne technol ogi es; urt h

cong¥stidrial RRSS ifleherdid abnstis Vﬁmﬁeéss Q;) atHﬁﬁ%emén nESERIGBpbAy

detecting values of the tlurd pr ure is

arAch pRdduel |sY cafledSamd thd fds goﬁse K8 3s IGRNHerPh Ldflary

i nvention equi pped with excellent corrosion

thémsdl Hiptasss G raté $bnddt idTRESY, 'glh«lﬂ Wﬁéﬁh@ em%oﬁo%pamcles,

sensor, in accordance W|th th ntion

thé”cSHE:urr[aﬁéePQ>‘FScfi.utﬁﬂtﬁeiéal%'1 lﬁﬁe,t B&nrRR 5@ avoided when a
particle-free; (a) to rm sensor
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)
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out si de-1 eal dess; and (f) to make it possible that
both mass flowrate and fluid pressure are detected
by the sensor. Means to Sol ve the Cbject [0012]
Inventors of the present invention have realized that
by enpl oying m cro-nmachine technologies to form?2
resi stance thernoneter sensors, a heater, a lead wre
to connect elenents, and the like, required for a nass
flow rate sensor part and a strain sensor elenent, a

td Aake WpbssiBiRAhatiEsdrishe in ﬁ?ﬂ:‘r’?érﬁ% v@fﬂ the invehESr Uchieves high

sensor part by using at ody on a substrate

résing?é’Epeéd) bh@6 ?ﬁh‘l(eefﬁésiegi%r ESﬁieﬂeufr% gtﬁ) f}g Sr%k@i thL &8fsor

and the |i ke, can made so

ottSRESeAGSSs; ia’hdgg%i rhiikeft JoREibREMAP bothOhaks "’"’Qn’jgfe\,??@ fluid

prevent ed and rrosion ‘resistance and respo

icle-free and outside
p.légajr;érmé%%étec(w thd adgﬂsaﬂ.

eakl ess sensor s Ieved, (c) unevenness caused by

changgfedns 190! tthé‘@)b&é’cﬁ" ues of fluid pressure is

automatically adjuste and (d) fluid pressure can be

[0y t %@Hto‘r{ 'R YRE ,@%?e’?g‘ﬁé‘?'f’”&?‘ dﬁ&ﬂ? QLalRBg f]thgmt“pﬁ employing

prototype of a se equl ppe

miBRS-Pnddhii té@ﬁr?olﬁébsﬁrfoﬂﬁ‘?tr{eﬁ%nﬁg ﬁ'nepr%ﬁi%@r%eﬁ%ﬁ% heater,
N 2p ag

part, 1n accordance Wt resent I nventi on,

o SRR O e BRI oW VoL BETERS iSy e
o418t RS U0 A0 M WS -
e R R
coEerBRsBE AT i bt M BEE BT B0, L7 A o
PRIk ke S DAY O ESRUBLPY bk A4 VRE S oGO
re%i?%lhgé c%jriﬂ é’%ﬁ?&nngéwétg ??%2’3“&?“%2’; Kb 35 SattidSndh LA 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 beenr 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 fiuid are measured by its being

equipped with a mass flow rate sensor part 3 comprising a corrosion-resistant
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corrosion-resi stant substrate 2, and a pressure sensor
part 4 conprising a thin filmformng a strain sensor
el enent 4a nounted on the back face side of the fluid
contacting surface of the nmetal substrate 2. [0014]
The present invention, as clained in Caim2,
according to the invention as clainmed in daiml, is
constituted so that a corrosion-resistant netal
substrate 2 is fitted into the nounting groove 10a of

sithshatd 9Sh a tﬁﬁi fibPRrmi & terfiBétaturs S8R $8S5hald nete? 3b

state In its flurd contacting surfaceé 1s expose

inSLAiINGT gh ythearb%ck hfécge%id%h%\" heeﬁg{fie(%n{é&ﬁn surface_of the

corrosi on-resi stant netal stra ca Iy

odﬁds?&arés%tm%upgﬁae 2, ba%a§ élre%sgkoaccor ggﬁ élp{,cﬁﬁ;?ra%ng a thin

I nvention as c

fi Ih{‘fbﬂ?ﬂd 2 strdfh férﬁstbpgﬁar#(%ht Qa%ﬁ!éﬂteg fordrd! Sack: falt:ﬁ g@g@fsthe

SO tha t he ou pressure

A Qdheeh &ﬁfb%@rofﬂ?éhe?él%ﬁbﬁﬂa?%gct ed by the output of

pres sensor 16] The present .
P IABR A B bl i i
a%"%l% fﬂ?% nicAS #1i5 RndiietZy ?oftr?a{t"éf&}rﬁgiont—%gispa% Kaethi $Gb S ate

con actlng sur

ST LA b R e el
SqpFRsP oot “EE ™ Tk F: B R RER G Pl e e
oo 0 5 R I QYA P A lg
PG Waied b eehSorie i roller i ﬁ”ir Sfer Chat
b1, K Bis R AER R el R bl baeﬁc‘e‘ B iehtion
a C%ﬁ@fe:&lilu tdg%xﬁgi o? E:(lﬁl%;z ?4 ﬁ\'aﬁ‘é: tﬁatq-ne ou put dnﬁ' 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, al héater 3b and
a strain sensor element 4a thereupon, and a protection fiim 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

G



sensor base 10 of the corrosion-resistant netal nade
sensor S for fluid as stipulated in daim2 is
positioned inside the fluid passage 21b of a body 21
equi pped with the afore-nmentioned fluid passage 21b
for conmmunicating between the flowin inlet 2la for
the fluid G and the flowout outlet 21c for the fluid
by installing a netal gasket 27, in order that
hermeticity between the body 21 and the sensor base

bd Bpproph&tel dheckéd Hbthi tithd fiuiRécttrallasket 27 t hrough

the nediation of the afore-nenti oned sensor base 10,

[oong] aThd ??bs%ﬂffmvbhf% Hdl &ihiRREsin Ofirh 58 |§E6h§%&lk&é§|so that a
conponent directly above t he netal gasket I'S

sdridbAba¥e! 10 of %é%ﬂnbﬁoﬁ‘-@égsthﬁ‘lenﬁi&rrﬁaﬁ%hgﬁeg for ﬂfu|'d as

herneticity, thus suppressing strain of the nass

stiptilfed RN EMIMPRN$ pdsiibhed HRidY #SHNIE pas 2ﬁ> df a4bo?y 21
caused by thrusting the netal gasket 2 ects

edUished VRN e éth%lr%niséhe%C ?IGHdi‘J%ESad@ tApt 'ﬂ?r B&ﬁtﬁﬁmice%l{/lg

I nvention, a mass flow rate sensor manuf act ur ed

bERBLY RIS SH ﬂn@iam R the ahinas %Hetﬁe fl%?v—élﬂ 6d’ﬂ§t 546 forthe

a conventional silicon made ultra-snal si zed mass

fifid BY iks¥Ifnc § &R gddkep 27 S L&B?]ﬁ(ha#ﬂ%t@ﬁ)? BetwkeAURE oy

anong pro ucts to a m ni'mum addi

2C8hd 8% SehsbPBASE ams A&H ?g tﬁmﬁﬁ@eemeia@ aSRAH tﬁrodghqhe

substrate made w 't 16L us for t e sensor

m§&'19ﬁ6r¥ élttﬁe a'fére@ﬁ&ﬁ%ﬁé&@eﬁébr%gs abhﬁn %‘HEE 582 tine Eﬁ}*n'éss

a resistance wre an are nade

ofbtﬁet thbtﬁrbl‘ Eﬁm?@n@r?t &I%CWV&%&%@I&I g;%Eﬁ'é:t' 5y IereIEn\‘?ely

sensor part extrenely s thus 1 ncr

rals88 R8Nk, TS Sfbre] érﬁﬁné& %%eﬁ&t?afﬂﬁ@bi%ﬁrésgﬁéo%tﬁﬁﬁ o the

I'n accor dance vvlth the present rhventl
f
m%%%"?‘%ﬁ%ﬁ%@é%&ﬁ&ﬁ?ﬁn%% rESTh Bpiidt et s Gaysed by tyusiing
ﬁét]ezﬁre assenbl ed by wel ding, and a netal
et sealing is enployed

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 exampie, the surbstrate made with
SUS316L used for the sensor substrate, is processed to make the substrate a
thin: plate, and a resistance wire and the !ike‘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 remérkably.

[0020] Also, in accordance with the present invention, all the gas contacting
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to mount the gas contacting faces and sensor part and
sensor base on a valve body and the Iike, thus making
the sensor corrosion-free, particle free and outside
| eak-free. [0021) In addition, in accordance with the
present invention, a mass flow rate sensor and a
pressure sensor part are concurrently formed on the
corrosion-resi stant netal substrate, thus naking it
possi bl e to adjust the anbunt of changes (the drift

fa??%’lélgat éor%‘iihft&?of@éérr&i&ﬁ‘-’résﬁ%t?n Etal. 3nG1RY ggﬁsoqz%g%d the

pressure, using ue rng val'ues—in
P R CarR R by b, o' ARl o) SEEG ey
tofoutfe BR SRS roas Al nboa By BFASEE YREY orrh e
oy BT the keI nPHRET AR slfleh e rom papice oo, and

O@B& y according to the present invention.
rgure 2 1s a cross-sectional schematic view taken

O A1 R S SR PR o ey

SbL B car PredLAl o op BT &, BURR o i Ra, o the
o Sl e 5 BBl e SR b ¢ B e oy
or&febFes Ak U FatIrgEGY B Ps it 538 e § cupBet of B fuic
PrBHEo Bt 0L s, Sy e Sire NP s or ol
acgfﬁ rat(gé ghegﬁgl{; Itoﬂﬂnegr,ntag%%gﬁer%f)eggr?é 'aﬁ;g ts[@?fuisde?éctgd 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 éxplanatory drawing of the oberating 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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formati on process of an el ectrode insertion hole, (f)
pertains to the etching prDcess of the back side of
the stainless steel thin plate, and (g) pertains to
the separation etching process of sensor part 1.
Figure 5 is a sectional schematic view illustrating an
exanple of a corrosion-resistant netal nade fluid
sensor. Figure 6 is a block diagramof a signa
detecting circuit, for detecting the nass flow rate

filRf 5,3c s fothe fdrHia@Ion BRIRGS bf‘g drﬂbtid}fi”lrﬁ rﬂgﬁﬁ%' filrm M), (d)

invention. Figure 7 is a graph 1llustrati

perfliet kM5 ifGrniftionesiochi ol aob?o‘iééifoﬁ flfH‘% gsf gahahé to the

sensor output/bridge circuit output o nper at ur e

foRRERH prodess Wread eldbroHE SissHigR Hoid, @Jp&&ﬁhg ng ﬂﬁ%f tRHg

characteristics of a sensor part,

p@&@s%eéftthé BYER bid b tﬂ\i‘?faﬁwlt% sté@ﬁ Oﬁlﬁgéeéﬁb 3;?)‘ ;S’él—&ﬂné’to the

bet ween tenperature o eater resT’st ance

sé{ﬁl—é{%nca‘tcﬂ.ﬁ@ IRERER éHs r g,@tlectl ng resistance, (b)

shows the re atl ons vveen current of the heater

and t F‘ uFe S %t.gr’#(‘e%gléf%%hgfnagg%é %@E ﬁé eaanQﬁ'ﬁeél'ﬁngf a

resist nce, e relations

ccﬂr%%mh':‘é@isfa%ﬁﬁ?ég%a%%nfﬁﬂé giddput . Figure 9 is a graph

ustratlng wrate c aracterlstlcs of a sensor

when F@QE@@ Wﬁlb%dfagrd?ﬁ bf 251gRd) cf’éié‘ét tcnegl? S@P&eetectmf;c}he

change using a pressure” “sensor

mhss ﬁovmaﬁ%? skhbtSbr Ml BRI PIANR g?e% r@gm.é ’.t c

response aracteristi'cs o sens

e B0 R Il s
arfiRAE Yl WenbbOW b dER B ﬁﬁfpﬁ{ ggiﬁe%m BerBfI8 Sensr O"

In accordance w Inven

Figurg 9&% 8 g'nc?lxcfels%ﬁs filistriiRgVARbOL cRardBRRdS Y a sensor - - -

circul t use
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 'perfc')rmed against pressuré changes by using a preséure
sensor part 4. |

Figure 10 is a diagram illustrating one example of flow rate respdhse
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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measuring flow rate characteristics to supply pressure
changes of a sensor S for fluid, in accordance wth
the present invention. Figure 13 is a diagram
illustrating flow rate characteristics, at the tine

of supply pressure changes, of a sensor S for fluid in
accordance with the present invention as neasured
using the measuring circuit of Figure 12. Figure 14 is
a cross-sectional viewillustrating an exanple of an
prsastthvantdhawi ng of a sensor for fluid, according to
the present invention. Figure 15 is a cross-sectiona

vi ew Figusst12id agfiew BIGEK drigrarm| &F Qfméﬁsﬂﬁt@e&ﬁhm used for
drawi ng of a sensor for fluid, according to the

mebaEfiY fldw s bharacteristidsdd <@ P@ dréss%réb 3% bl SBRdbr S for
view illustrating the asse y draw ng yet anot her

g afakceor@hnde WRR R pre@éntfihvdrioAccor di ng "to the present
invention. Figure 17 is a plan view illustrating

anot hefgupx 4B 8 dtégrafh RESPATRGMOW raté cﬁﬁl‘é%férnsfl&r aft llﬁé fime

according to the present invéntion. Figure 1

ofC§ mu@ehawge%,waf%%enédros%k Iﬂma Br Eﬁﬁrdgh&aumh the

Flgure 19 is a side view of the asse

prﬁbéﬁtrﬁveh?lon ek e R ukdd u§n§‘tk@rﬁ§§sﬁﬁ|§tdlﬁﬂﬁbf rfgﬁ}’é’i 12 -

illustrating the outline of a conventiona

nmade Hlgufe- o la SFARGechSidiBialYMEstrRy bho¥kd) IQ of an

sensor. Li st of Reference Characters and Nuner

ﬁ%gﬂd wﬁsgafoa%%or ?o?lfrardaak?dfphe't ﬁ?éﬂ@e%sﬁlﬁnveﬁt%.

F Thin fil Met al orns a nmss

0 i, 8Tt 1S4 o e o o
ad5Bhibly drawirlg $FASsdridoPfor WBRS HE&SHding to the present invention.
Figure 16 is a cross-sectional view 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 viéw 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 Corroéion-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}



1 Sensor part 2 Corrosion-resistant netal substrate 3
Mass flow rate sensor part 3a Tenperature sensor 3al,
3a2 Tenperature detecting resistances 3b Heater 4
Pressure sensor part 4a Strain sensor elenent 5
Insulation film®6 Protection filmé6a Protection film
for the nmass flow rate sensor part 6b Protection film
for the strain sensor part 7 Electrode insertion hole
9a - 9b Resists 10 Sensor base 1 Oa Myunting groove 11

Heat ey dr | é}rﬁggg_irégggaht hédal ﬁ{ﬁse re of fset adjustnent

circuit 1 oOw rate o adj ustnent circuit

13 O fset ' iqfcuit (for fine tuning) 14
Gin ggj u%?gn%djn?é éﬁrer%%ﬂﬂ%ltd 15a, 15b Differenti al

I g 2 (1) 10 M flow rate out

2 Corrosion-resistant metal substrate
3 Mass flow rate sensor part
3a Temperature sensor
3a1,3az 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
Oa - 9b Resists
10 Sensor base
10a Mounting groove
| 11 Heater driving circuit
12a Pressure offset adjustment circuit
12b Mass flow rate offset adjustment cilrcu it
13 Offset adjustment circuit (for fine tuning)
14 Gain adjustment circuit

15a,15b Differential amplifying circuits

1y



4al - 4a2 Strain sensor elenments 18 Signal treatnent
circuit 19 Multiplying treatnent circuit 20 Joint

part 21 Body 22 Sensor base presser 23 Wring
substrate presser 24 Wring 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 Oifice 36 Filter 37 Relay substrate 38

Beari ng IMadd fidv Fte SGtpRIMdIRNital (12) 40 He gas source 41
Pressure adj uster

17 Fluid pressure output terminal

4a1 * 4az 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)



42 Pressure type flowrate controller 43 D aphragm
vacuum punp 44 Driving circuit for the sensor S for
fluid 45 GOscilloscope 46 Signal transmitter 47 3-way
swi tching valve 48 Mass flow nmeter Pi P2 Pressure
gages 49 Secondary side pi pe passage of the pressure
type flow rate controller (inner capacity of 15cc or
50cc) 50 Pressure adjusting valve So Flow rate out put
of the sensor S for fluid FO Flow rate output of the

pressurggt ypegdd %r(f?t e controller M Flowrate
out put of the mass ow neter PT Qutput of the

secondagy Pre&sur gauge 51 Fluid flowin inlet
52 Fluid {1 oarne 8aeer 5st Mode of Carrying out the

I nvent i tgqmg'rrent 1 of the
Co:r/ros: %%- Egg%sﬁ%%b%ﬂi{a% e (Fensor for Fluid] An
enbodi npgt Déblﬁgwr\ge{}%twrﬁ& the present invention is

: ! :
described a oWs W reference to the draw ngs.

i gure da! Driir ARURKIIE Shsor et ilyg (13) sensor part

1, which i s an~essen a COrrosion-resistant
met al n@gjeostc[“ﬁg e—type mass flow rate sensor
according t e present

0 i nvention. Figure

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 50¢c)

50 Pressure adjusting valve

So Flow rate output of the sensor S for fluid

Fo Flow rate output of the pressure type flow rate controlier

Mo Flow rate output of the mass flow meter

PT Qutput 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)



2 is a cross-sectional schematic view taken on |ine
A-A of Figure 1. [0025) Sensor part 1 conprises a thin
corrosion-resistant nmetal substrate 2, an insulation
filmb5 formed on the upper face of the substrate 2, a
mass flow rate sensor part 3 and a pressure sensor
part 4 fornmed on the upper face of the insulation
filmb5, and a protection film®6, and the |ike, forned
on the nmass flow rate sensor part 3, the pressure

sERBP PartPRMWhith 938 ddtentialsart 8f 8 borfd3fn-resistant metal made

afore-nentioned nass flow rate sensor part 3 conprises

th@rrﬁﬁﬂ?ﬁé 45 NoWEREP Eensdit acBord PRI 18 'the Prevanit H}@nﬁéﬂ( €,Figure

e afore-nentioned pressure sensor part

2 &mmmﬂﬁ 5&%&@% taqdeﬁra%mne%p\ cﬁﬁgm@q. I ke,

respectively. Furthernmore, as shown in Figure 2, a

[0b5§‘5]” Séh aﬁahsl c%o?ﬁﬁF%@s‘MtH?] GridRloflrebistary Métél%hb&?étg“z an

i nsu I on and vvlthtenperature etecting

in lﬂéiloﬂ fil szoﬁ?éq on e u%eﬂ%@e of ﬁ'@?ﬁet?g‘éieez% ?‘ﬁ%{s R réte

eat er ) el ectric conductive part

ségﬁéi-‘gbﬂaé SH 12 gré%m%' $ersbh v z?'fc‘frFFﬁe@lt f&%ﬂg%ﬂ;ﬁ%i&‘rgne

protecti I'mo6 on't

in%tﬂ&tn&?@ﬁlhw 5agt 8 |pg§{e9ﬁori fifn é' th%q%afarh%g &P{h%ﬁﬁg%s Abw

corrosi on- st ant net substtate

ralfé %%hé&dgah%e"tﬂé g;?e&%'rt? sknsif ?grt g a%Hp{r%X'hg@.t eA§02 Qhe

orned on 't he ore-nenti on protectlon

S35 B33 o A2 i i e Et.@?edsensor
%a ﬁéé’t 935%&&9@3' g dﬁﬁ?hﬂr@% tihéd pgéﬁ%ﬁ ¢ ?{;ﬁsoﬁl

er face Si e sur ace si

@g o Sy géﬁs%? ee)engént\jﬁé [Pﬁ’é)fllheo dpe cti\?ei% ne%emgre

|gure 2 and hi's happens

Pl £86re2%a i Fim & 38 WF ek i bR i o
méd’tﬁ‘t}or} il & aathr té@é%l%lmrg%bt%étgl fre%&?arncest%m 3a2 of the

corrosi on- feSIS ant

teh BBRELR! Yfec 54,7 A 1UHG" 580 an" Db c! Bifichie 6ad K flo
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) lof 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 procéss. |

[0026] A gas G to be measured flows in the direction of the arrow, shown in
Figure 2, along the corrosion-resistant metal éubétrate 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



di stribution Tt as shown in Figure 3. [0027] As stated
above, changes in the tenperature distribution of a
corrosion-resi stant netal substrate 2 caused by the
flow of gas G are presented as changes in voltage

val ues at both ends of the tenperature detecting

resi stances 3al, 3a2 through nediation of changes in
the resistance values of the tenperature detecting
resi stances 3ai, 3a2, which formthe tenperature

teﬁﬁgﬁﬁﬁjdigtﬁ%ﬁon i @E%f&kﬁﬁ’-fé?ﬁ%ngo e?eﬂ%u@s B Pfom the

etecting anges 1 n e age val ues as a

tegi;pﬁaﬁeﬁﬁr%rﬁigtﬁbum 'ﬁ%{hﬂhe-l:g $hetB W fo ?IB@tc?%as WEhThd 'ﬂé}nperaltu ire

Incrple o ermal type nass fl1°ow rate sensor

di%tﬂggﬁ%,fﬁla p&ow?ﬁh Ffigfifre@!bl icly known silicon made

-type nass ow rate sensors. Therefore, a

[00% r]iai led o ?ﬂag@&\jeoncﬁé]gggi ﬁgﬁeggtgﬁ‘@@rétn (A& tion g’f a

| arly, e pressirevo 0 be neasure

cd@s@ﬁﬂ%&ﬁé&i’ fleYal sﬁS&t?&F grcé#{%q 559 Qhé'ggh o bgg Phire ; é?é‘r'ited

In sensor e and t he ress

2 BAGARS RS0 RiceslS YehS bR B Y eBINGR Bbidie,

stral sensor el enment ecause

reggfgglgés %‘:31 t(ﬁﬁ tHRY hfrh&\tﬁgtrid;ht &f o A %%fin ?ﬁée ‘%ﬁa%tg@gglégs of

vy i proportion ressu

tnf 30RE e ConlB R Peslons e o BARF R Bt
seliolcd) "Fafs B hEt B I 5, 0 B e o 20 Hpting
cnafiat.ih dhe vfieab HINERC B e O B ITSAE. TR bpotaf Shiped
onBfHid Sl b b e R bp 8 RO RS Binel Tspoticn o tha
of IERERngr] ik bk A yel gt foptalethenediy * Theftidre.
a R HiireyBo s SRR sca. "1 T TS possivle to
[Oﬁfélspsirtnﬁgrlyr, the %Pess%us of &eagéjs &5 16 Be measured, is continuously
detected through mediation of output pf 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 faté at tﬁe mass flow rafe‘ 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 rafe sensor
part 3 are affected by the corrosion-resistant metal 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)



sensitivity by making the thickness | ess than 150.a m
thus the heat capacity of the sensor part | is also
smal l er. However, it goes wi thout saying that the

t hi ckness could be nore-than 150.u mif sufficient
response speed and sensor sensitivity are assured.

[ 0030] As described later, the afore-nentioned
insulation film5 is an oxidized filmhaving a
thickness of 1.2 g mto 1.8,v rn, formed by the

wiR t@br’esgnt ‘b difiBhT) Q%tatﬁltgﬁ§ E%@Pﬂhmvﬂgfér Cﬁs@ﬁi@%‘l.;bﬂggs Rﬂan

I'n accordance w ment

150 L B Prhckséot?séd L gﬂdsfpﬁ);s %Wr&i&egﬁ\@ ol nsmﬂ YAPEnsor

Deposition) neth een use ation

séris'ﬂlﬁt? bf\]/grﬁér]g@ th@ﬁnc‘?«ﬁ@%se egggﬁézrpan 5 hﬁ'm% He it capacity of

detec stances eater 3b are nm

thfa-r %Hs@r TBRH i 'ajlé(g B/I'T]-naflé}r ”Fﬂw%%#?li ggesa wWilRSHt BAYiAG it the

I 'Tustrat or the mass w rate sensor- on

thﬁdﬂﬁﬁé’g E&ﬂd BefbRIGE oﬁlﬁr#e mlf Qﬂf#:lbhm on%@sgéé(?o{]ﬁ@ggﬁsor

e present e ete ur ecting

3a2, and heater 3b, and the |ike, are
Sér%g‘vﬁ*roma ngcial film formed by a G/Pt/C film

[06%]t hA§ kS Eslafr%f} tﬂlQéa?‘&Q/n]rQ]tﬁ)ngh i ﬁtfhﬁ‘ueéf }Qaﬂi Bbized

| 'am nat ‘ord e vapor epos

ﬂﬁﬁehé’.\ﬂ@% 499&&%353'&‘1 p're( to %Qéhﬁﬁ“ Br@&@% Y gl S&@Qﬂed“acvo

Foma neta ilm usi ng

m@ﬁ%er(‘(‘:h(e?n%al Vi f:g%?gg&loﬂ O{ne% S” %&)‘?&ac‘ﬁée Wht this

on th or e- men I NsSu

oABTHHAE 4 0 IO, B i
ORI A o A K PR3, tress o
OG5 T AP JEBE BB sl 2t B
NGRS BB B A EPRERPHG € G pelim (ro
Hlustrated) for the mass flow rate sensor on the afore-mentioned insulation film 5.
in accordance with the present embodiment, the temperature detecting
resistances 3a1, 3az, 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.

[00321 Similarly.- a strain sensor element 4a ié made fmﬁ a metal film M2
fonned'by using a mask pattern (not illustrated) for the strain sensor part on the
afore-mentioned insulation film 5.' 'in accordance with the préSeﬁt 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 x m, respectively) that is

laminated, in order by, the vapor deposition method.
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sensor elenent 4a, and the |like. In accordance wth
the present enbodinent, the 0.4 to 0.7 g mthick Si 02
film(the mass flow rate sensor part 3 and the
pressure sensor part 4), formed by the CVD nethod, is
used. Also, the protection film®6 is provided with a
sui tably shaped el ectrode insertion hole 7, nmade by a
pl asma etching nmethod, to draw out an el ectrode rod,
and the like, through the electrode insertion hole 7.

[0088B4Thd BRoréatntibAes mﬁfdt@&ld?lff i e isC2 Filn? Bb@y td S&\}e?ttﬁ'é‘ tipper

nmetal substrate 2, forns sensor part

part Bf theadmpetdlu@ &été&iﬂ@ﬁ%%:sﬁzfncb& 381 t%”th&%&ﬁ%@bjﬁ@ strain

sensor part 1 is eventually separated from

SETR0OF Bfinfht 4aS bAd &Y Ikt 3 aPBOAERG withky g%s@ﬁAfS Bto@inent,

the so-called "through-etching processin

theeG.2 b 4 rh %%R sith TR & MALYadw fr%dsé%%f@%np@fatnd- the

is hernetically fixed corrosi on-resi stant

praBéte SEABr P4, afg?éﬂnﬁyor thd 39¢D LRhethbd, 3s Glsel®! q!ll{tg the

or the 1like, so't the” corrosion-resistant net

proRRos ST @ ﬁ%rf)@iﬁe& IviitrCa s@ﬁ&ﬂ? %’hageé QectBfe W hgle 7,

i nvention, aV|ng the structu shown 1 n

mbde $9 aCBﬁ§Haté{§% g méhtﬂocf'tSLHrsw%ut Jan%ea .%Buaha e like,

groove provide e sensor base rk Process

thRfu ghftﬁeéﬁe%ﬁe fie FREHonlfiSp] Next, a manufacturing vork

cess of mass f rate sensor part 3, which

[obﬁ]ﬁlfma&f E8 RBYr R@S&T O Pdsi ttm%l'al kb %EE 31 ngdien

I gure prov es expl ana raMAn S

fofth9 Wehor! f5t 8 ;yfﬁ@&hga dﬂﬂu aftﬂ&ﬁﬁéss%f fdis thgﬁﬁ}of' W The

rate sensor ressure sensor

sén% ab¢ 'és{%@lé%y% ra{ted ﬂ'oﬁ] 8%8?]’3&8&%&9!%“? %ﬁ%@gﬁal

I nve tlon as s

WobRaefiRdSsreRb é@gﬁleﬁh‘ﬁlﬂgpb@%%hufgéB)oc%@%’ﬁé1 A 4 éc,'?ibed

appropriate di nensions

Iat%? (33 té?:ggar m d s@n&!ﬂ" ‘b%ﬂeﬁs |s°fhérﬁ1%ﬁc£ll}a%&§0tog the

is pr
corrosuon-remstant 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 50 constituted.
In Figure 5, 10a is a mounting groove provided on the sensor base 10.

{Work Process of the Sensor Part]
[0035] Next, a manufactunng 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



corrosion-resistant netal material. It goes w thout
saying that a thin netal plate (for exanple, an
austenitic steel plate nade of a Cr-N alloy) other
than a thin stainless steel plate can be enpl oyed as
the corrosion-resistant netal material W [0037]
Then, as shown in Figure 4(b), a Si02 film5 (an
insulation film with a thickness of approximtely
1.5 umis forned on the outer back face of the

(SUSIBLTRRN TGRS DD Bni6 ° the UidinBieh bf 78%0
@‘*ﬂ?%f' o2 ibhlosk Obr 1BLE IR0, 4y m, i prepared for the
C&Jagma-aeg.s@ng i Hthrial PR cBeR b SEALH 613 ol pe

rature resisstance

ol 4 TP B T P i
SHERRF Sl o5 BBAR o TSP o

atterns (not illustrated) for formng a nass flow
fate sensor part 3 on the afore-nmentioned SiQ2 film

103573 i P st iR ST i 2 802 E51eFdar FeBh i win o
e BhodTily Rakdnrs e eNPS’fEFl ?aryr%c? & e
Sl PRt s Ss & 15"5%51%'%@%%."%%&&@ BV pviee
T A -l AR, TEOS
ﬁ%@i?ﬁm%ﬂ.ah?ﬁlsp““ So[mf;,‘;r P75, °[0040] And. t”‘hEﬂ e

o2 A, b8 LE y  eld  Bae o o

3a2

e ‘E’ﬁg’% %b?%%%}ﬁﬁéﬁssf@eﬁ oA e 5 e, AcBrom
a Tietd fln° #15Rimed by a CHPUCT fim (with thickness of 10/100/10 z 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 fiim 5.

[0039] After the metal film M+, which forms the afore-mentioned mass flow rate

sensor part 3, has beeh formed, then patterns of a strain sensor element4a,and

the like, made from a Cr/Cr-Ni alloy/Cr film (with thickness of 10/100/10 u m,
| respectively) are made on the SiOz film 5, as shown Hy 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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el ement 4a, which fornms the pressure sensor part 4.

The protection film6 is nade through the processes

of the afore-nentioned Figure 4(c) and Figure4(d),

whi ch utilize the plasma CVD device for which the
afore-nmentioned TEOS is enployed in accordance with
Figure 4(e). 100411 Then, on the afore-nentioned
protection filme6 are nade an el ectrode takeout hol e
(an el ectrode insertion hole 7) with a bore of 200, U m

[0040)t Ard theada 9102 filih@ profEeasmiik)®B, ¢ tiReHHe8S of approximately
resi stances 3ai, 3a2 and heater 3b, and al so an

0.5Le8lis mdmwtehge%tﬁmetb&tdg%&@ta%bs 3%, 1332 8n8 MeBter
00 Am

of approximtely 1 that 1s used for the strain

3b5 antsict feineNRatmds. idharar! Sehdcdsart 3KeRHt o & Str8inSsensor
made by using photo-mask patterns. (not illustrated)

elérehAes, VIHICI® f&fis PCpre54F8 denS6r Part 8.  THe FFSIBEGHH '
with Figure 4(f), eﬁ%rleoyi ng the ‘g@gsna e(tachi ng dg@i gels

méadisthr thefptostes bP idfoRemaHtichedSgd@l4 () alﬁ Egﬁ?e@d).

hi gh tol erance to the plasma of CF4 gas, ‘etc

WHIEH BfiR&S the! RSmAUt YIB! for Wil héH i
et chi ng of tﬂhe S102 film 6. Ac?grt@?ng rg{m‘?ﬂlgﬁgdi-rslz%% 'S

erfifIOBRY indlcc8ldantd dith Fyuralulgd “over - et ching” may

occur. [00431 Lastly,  after resists 9a, 9b have been

[0GPAt ThenSBAINS aRRémehtiofied %P&sftgg glﬁ-i €&rd \;m?atoﬁae%rﬁéiee{roc\!’g

by cutting through, in a circu ape,

A o OO sl£TF, £ B a0 h s

thé 3épératHBCEets B ?ésﬁ‘éiaﬁde%"%éa# gsfdzﬁn%sf h&telVab, iandf %I%B%

into the nounting groove | € sensor pase

elé\k',glbgg gakébtﬁ el Q‘ﬂ)ﬁ%uéé@d&?ﬁ}ﬁ WPWB 5 ) 3 gfr(i?rbazeélg al?gu' m,

and fi xe ernetic to the se

thadlis UE6d RIHIRE S SERSYeiBRcht Bt ThS eiegF‘rS&é Yﬁlegﬁg'l?les are
h t al or

Thus, a corrosion-resistant ne madae sensor

maf:dgun'g rﬁ@;?ﬁbf&nﬁgktﬂﬁeﬂﬁf%{t iLSHROAY B ke an electrode -
insertion hole, in accordance with Figure 4(f), employing the plasma etching
device that uses CFs gas.

[0042] Because SUS316L or Cr has a high tolerance to the plasma of CF4gas,
etching progress stops automatically upon completion of etching of the SiOz film
6. Accordingly, there is no danger at aII_ that so-called “over-etching” may
oceur. | -
[0043] Lastly, after resists 9a, 9b have been coated, sensor part 1 is detached
from the material W by cutting through, in a éiféular éhape, 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

19)



[0045] Figure 6 is a block diagramof a signa
detecting circuit for detecting a mass flow rate of
the fluid sensor S, according to the present
invention. The signal detecting circuit conprises a
sensor part | fornmed by a mass flow rate sensor part
3 and a pressure sensor part 4, a heater driving
circuit 11, a pressure offset adjustnment circuit 12a,
a mass flow rate offset adjustnment circuit 12b, an

a4 i HRISTERA UGB hnd i bl BRbo déhso? b3k o
atcfgécbutéﬁ Ipéﬁ@ﬁergggfrt fhatis ?agér |t§ez?:I € ﬁﬂ%ggt c&r?c{s'igrpﬂ%lsmant

ure out put erm nal

mfi{é\? HE@%HQH § rtﬂugaccﬁ dm@g{d tﬂé?bg%kfbgt &NS@&FFF (ﬁ)ﬁétrn%ﬂéé

0344, G B 4 ek Ty GE B Sl Plrpl o o Bl =
ARV Rl o i S & REph 1o et e iffn.
si§il BREAG st ‘ééﬂf)ﬂ%%@? ﬁ“ﬂ%@ el dofhfigd iof E%%%?@O\@aﬁte
Fa8r bl £ R SRR Forishl Rl ”éﬁa%%? P et 1. 2
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op%%tl%%tof e ngtle?tdﬁ\%ge %Irgl?l‘l 1. 2%I%hen 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 td b'ér‘measured passes throu‘.urgh. these changes are inputted to the
differential amplifying circuit 15b 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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of the tenperature sensor 3a, so as to nmake the bridge
output of the tenperature sensor 3a change. [0048]
Figure 7 shows the relationship between fluid pressure
when no adjustnent is made with the pressure sensor
part 4 (namely, the gain adjustment wth pressure

of fset adjustnent circuit 12a, the adjustnent with

of fset adjustnment circuit 13 by output fromthe
signal treatnent circuit 18, and the gain adjustnent

sidoR paAHMLFARE Pl%%&ﬁtﬂﬁvéitfoﬁ Ui’str?éode) to b’é@trﬁﬁﬁmﬁs&%&”pan 1

rate output (the output nV out put ter
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IS oper or the heater I's not operated,

t étbF@z-‘%rﬁb\-SQcH gonfirmed that out put of the

sensor S changes th change of fluid pressure. O

[oe% 8N % etf‘esh%%etﬂ?ee%lgﬁor%ﬂg{ %rﬁ%faﬁ@%ssur% when no

experi mentation has confirne
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[Oﬁhﬁ”qﬂte?thélnalzase Gundr e 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
resisfance 3a1and the downstream-side temperature detecﬁﬁg 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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pressure offset adjustnent circuit 12a, the signa
treatnent circuit 18, and the Ilike, with the output
fromthe pressure sensor part 4. Thus, changes in the
out put voltage values of the tenperature detecting
resi stances 3al, 3a2, produced by the application of
the fluid pressure P, is cancelled out by adjusting
the afore-nentioned anplification rate and the offset.
As a result, it becones possible that output changes

velfies, BRI A3 worrdtfy, iR, BtReiR WiEf Boipgancs 3a
ol @b S BRRootb Bl ek sy o,
B AR hAbfine AEFSH oL SR aforAtibl 27 oz, the
PrBRAIEorp) BRafh CERUE AR, e Bt et R 1S A e
i ARk RGP bR ool bed T TS| g Tne
opR IBLTE FRueS, b dhe oBrffoctite, JeFSARS  foifidnos8at] aaz
prbEE LM bR ot pl BPess R el By agtosting
B ore a3 SRy Be Bha S oy ( Abidranuls hiecomes
PO o P S bs SRl 3. BB oaspretiure, are
PfRRT BhHtdnhE Bak g Bobdr R AlRlrpigh] Getset Fhass' i

ra 00kPaG (22) [0053] Furthernore, changes in the
it put val ue of the sensor part | were approxinmately

o 578 e i s 73 BB & BB e
»prgs@r%t iir{Jeﬁgor?.ooFiéaiJr%Eﬁc(a%ﬁol%st tﬂg rg;tionship between the temperature
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 variousr éhéracteristics in Figure 8, is ébpfoximately 2.4kQ2,
an_d the resistance values of the temperature detecting resistances 3as, 3azare
~ each 2.0k£2 (both having idénficai 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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anplifier.) 10054] In addition, because the output

val ue of the sensor part 1 depends on the cl earance
(the height of the fl ow passage) between the flow rate
sensor base 10 of the fluid sensor S and the fluid
passage shown in Figure 14, as described |l|ater, the
range capable for neasuring flow rate can be
appropriately switched by adjusting the

af ore-nmenti oned hei ght of the fl ow passage. [0055]

[0B5 31" Eurthlilohs drhBSs 1%hd Sk VARY B BR! YRy K # were

e and sens out pu atine

iSRRIl TV BheR B adh Mo DRSS 1ads t, ARG rdrbe of

rtormne pressure sensor pa

0 B B0 (ReTRElnt Busti GULF wes aHiHEq ShoXARRubl e oP
amh%d\%ﬁ? fluid pressure of 100KPaG (nanely, Curve C as
S

Wri“in Figure 8). Curve A2 shows the case when the
o, Sy PAERBH ok b SRR H0RIP 3 s on
o L i 8 R BB P % 03 Son e
N R R N D s
o bk PSS IR oS ARy Plighed o
o B S BRER R o WpSsaya s, Chonoes from
BB 5.0 o8 SIS bBAEH IS SRSHEH ASRor
o35, PR b, BT 520 A BB e
oS 3 P R Al PRt b/ B
FIOCTPES ELALCRs bt 1 chdl Sl BTSSR S5H2r ol £56 %
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 Az 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 Cu&e A1). In accordance with |
~ the sensor S for fluid, according to the present invention, testing confirmes that -
even when fluid pressufé 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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according to the present invention, and the |latera
axis is graduated in 250nmsec bl ocks. Curve SF
illustrates flow rate response characteristics under
the same conditions as those of the mass flow rate
sensor with a conventional pressure type flowrate
controller. Figure 11 is a flow bl ock diagram of the
nmeasuring circuit used for neasuring the

rel ati onship, shown in Figure 9, between gas flow
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rate sensor gnates an o0scl scope,
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neasurenent va e pressur ype

o) O e ANBRb M0 e 8 Rl o o
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o 48 O i, P U o
N A
OB 55 55 s, 5, AR bt
seffbr e (308, i e 1S8R BARLS BEETRW FasdagdSSr 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 Soof
the sensor S forﬁuid is inpuﬂed to the oséiliéédopé 45, and is contrasted with the
flow rate measurement value Fo from the pressure type flow rate controller 42.

[0059] Figure 1 2 .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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[ 0060] When the neasurenent is conducted, the pressure
of the He gas supplied to the nass flow neter 48, and
to the sensor S for fluid (a product of the present
invention - a sensor to be neasured) and to the
pressure type flowrate controller 42 is nade to
change by opening/closing the 3-way sw tching val ve
47. The secondary pi pe passage 49, of the pressure
type flowrate controller 42, is set so that its

siBé‘E}?e Er es? ééw ?h&qﬁﬁ%ﬂ( gﬁ%} 1?@2% 08, EH°8GHNes a
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pressure type flow rate controller 42, and the pressure measurement values Ps,
Pz, 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, Pz, So. Mois shown at the time when the
supply preSSure is made to change frdrn -QOOKPa - abs to 150KPa - ébs. It is
revealed, from Figure 13, that when the detected value So of the flow rate of the
sensor S.'fof fluid, according to the breéént invention, is oompared' with the
detected value Mo of the flow rate of the mass flow meter 48, both detected
values So aﬁd Mo of the flow rate (flow rate signals) keep up with the changes in

supply pressure
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sensor S for fluid that is fitted to the joint part 20
mounted on the gas flow passage. As shown in Figure
14, 21 designates a body of the joint part 20, 22

desi gnates a sensor base presser, 23 designates a

Wi ring substrate presser, 24 designates a wiring
substrate, 25 designates a guide pin, 26 designates a
guide pin, 27 designates a netal gasket, 28

desi gnates a rubber sheet, 29 designates a |ead pin,

and 3fErﬂS¢§dsH1'éﬁf ‘F%fﬂ'nelcﬁé‘lﬁ gﬁgpggﬁa gold wre). The

af ore-ment | oned gul 26 are used for
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*thé B0 OF i AR oo b B e“kskﬁ?éé"s,ivénii es atilter.

[0(56":3]b %h:FE{F.e fﬂd 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 whlle contacting with
SUS316L made substrate 2. |

| [Embodiment 2] _

[0064] Figure 15 shows the casé ‘v‘vhere 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
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[0065] Figure 16 shows an alternate fitting position
of the sensor S for fluid according to the present

i nvention. However, it is substantially the sane as
that in Figure 15. Since the structure of a pressure
type flowrate controller and its main parts have
been di scl osed by, for exanple, Japanese Patent

No. 3291161, the TOKU KAI-HEI No. 11-345027 and ot hers,
expl anation of this structure is omtted here. The

on of et _

IO, B ity SR g Reke, 3 Hbfighdten B o ahd a6
h b I ti ' t ted.

SRR R 27 [0060) Fl oure 17 to Figure 10 show

anot h in which a sensor S for fluid,
accor ."Hg@ﬂ%ﬁ%] present invention, is fitted to a

0B85 HoH0E, 16 APBADEN, gtermdl' fiind BESHLA Wi le 3ehadk'§ for i
GRS AR ot B Mor? THoMUeh § 4 3ub aflall e darides
G 15 o5 o sHRGREE bR IR, B8t Caprater gga s
ARRRRHER et it Bl el s PAERLAERRERS.
3 TORERAGHE N o2 T g ooE D EHERAR 8 B, o8 i
orth B, % St 87 AR Bsehpclon PP IR fr weChiine in te
erhRbh e FduTlS s R B aale £ RS PR R ipleffon
s BREPREt, Oduct  manuf act ur i ng.equi pmeht . and ¢ he
ot i EOPEenAIC e Pho mmss 11 ow rate and pressure  of
[Oﬁ%?jgéd}etﬁe togﬁaurseuw lsMovlviarﬁcen eir réxarrr?'lr;]) e fnnvgﬁllg rai saelmsor S for
fluid, according to the present invention, is fitted to a structural component,.
which constitutes a fuid 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 metﬁod 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 fépeated 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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(28) Scope of aim What we claimis: [1] A
corrosion-resistant nmetal made sensor for fluid
characterized by that it is so constituted that the
mass flow rate and pressure of fluid are nmeasured by
its being equipped wwth a mass flow rate sensor part
conprising a corrosion-resistant netal substrate, and
athinfilmformng a tenperature sensor and a heater
installed on the back face side of the fluid

kiﬁ@%B@&ﬁérﬁ\EalyéB@&%muféﬁb% & @r%hf)%nﬁel‘:ﬁé ﬁﬁé"]-tlowever the

strate ressure 't co

ol o o ST A o
of G RSB0 kbl A - (2] A

rosi on¥resi e sensor for fluid as
claimed in Caiml wherein it is so constituted that
a corrosion-resistant netal substrate is fitted into
t he nmounting groove of a corrosion-resistant netal
made sensor base in a state in which its fluid
contacting surface is exposed outwardly, and the
peri pheral edge of the corrosion-resistant netal
substrate is hernetically welded to the sensor base.
[3] A corrosion-resistant netal nmade sensor for fluid
as clained in daiml or CQaim2 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 aiml, Caim2 or
Caim3 is so nade that a thin filmis constituted
with an insulation film forned 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)
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-29- strain sensor elenent, and a protection filmto
cover the insulating filmand the netal film [5] A
fluid supply device for which the corrosion-resistant
metal made sensor for fluid is enployed characterized
by that a corrosion-resistant netal nade sensor for
fluid stipulated in one of Cains | to 4 is nounted on
a fluid controller in order that the flow rate and
pressure can be appropriately checked at the tinme of
fluid control. [6] A fluid supply device for which the
corrosion-resistant nmetal made sensor for fluid is

enpl oyed characteri zetgda_,ﬁetdp@]ai,int IS so constituted
that a sensor base of the corrosion-resistant netal

WhatRe eRimGs: for fluid in daim2 is positioned inside
the fluid passage of a body equi pped with the

[1Ef or g mridistiRBistdrnt WhelaltAa§e Sendop ?o%ﬁ%rﬁ&&hi& by that it
etween the flowin inlet for the fluid and t

is 'sbQmatitutethbethel Pasd 6w Irhtdl éiwot}yre'sﬁlﬁ'b Hf 'ﬂhl?ag?]r% rﬂ@ééﬂ red b

gasket in order that herneticity tvveen e body an

itst %lgnéﬁlpﬁﬁ%ﬁ helghdly bl g‘?fé NGrRYr st "BéAbrising a

gask t hrough the nedi ation t he arore-nentione

coPRBRMALreBREMt ntsl sBbstrdle, &RNE tHih Afn f&ﬁl?]ﬁed Fet'?ﬂfé?gtuﬁ' Sensor

structural component directly above gas
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rai sed, thus suppressing strain of oW rat
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forming a stain sensor element installed on the back face side of the fluid
contacting surface of the corrosion-resistant metal substrate.

(2] A corrosion-resistant metal made sensor for fluid as claimed'in Claim 1
wherein it is so constituted 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 oorrosmn resistant metal made sensor for fluid as claimed |n 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. |

f4] A corrosidn-resistant metal made sensdr 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
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-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 comosion-resistant metal made sensor for fluid in Claim 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
stifness of the structural component directly above the metal gasket to hold the
afore-mentioned hermeticity is relatively raised, thus suppressing strain of the
mass flow rate sensor part and the préséu re' sensor part caused by thrusting the

metal gasket.
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