SPECI FI CATION A Corrosion Resistant Metal Made
Thermal Type Mass Flow Rate Sensor and a Fluid Supply
Devi ce Using the same Field of the Invention The
present invention is enployed mainly to detect a mass
flow rate in a gas supply Iine and the like with
sem conductor manufacturing facilities, and is
concerned with a corrosion resistant netal made
thermal type nmass or and a fluid supply
device for which thébgiﬁEgigjﬁéggnployed, of which al
as cog%actln faces are fornmed of corrosion
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make it particle-free and | eak-free. Background of the
Field pfetiiei lowe@tiovient i onal |y, a capillary thermal type
mass flow rate sensor or a silicon-nade
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resmtant metals such as stainless steel (SUSBIGL) and the like having
excellent corrosion resistance even to highly corrosive fluids, enabling to

achieve to make it particle-free and leak—free.

Background of the Invention

Conventionally, a capillary thermal type mass flow rate sensor or a
silicon-made ultra-small-sized thermal type mass flow rate sensor by
making use of micro-machine technologies has been widely used to
measure a mass flow rate of a liquid in the technical fields such as chemical
analysis equipment and the like.

The former, or a capillary thermal type mass flow rate sensor is
characterized by that the sensor allows its gas contacting faces to be made
of stainless steel due to the structure, thus enabling to enhance the
corrosion resistance to fluids to be measured at ease.

However, the capillary thermal type mass flow rate sensor is



required to be equipped with a resistance wire for a
heater to be wound to heat a capillary tube, thus
causing a problemthat may | ead to unevenness in
property anong the products. Another problem nmay be
that the response speed of a mass flow rate sensor
becones slow due to the relatively |arge heat
capacities of the capillary tube and the resistance
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. Jds that it can be easily corroded by fluids in a
fleldﬁaqu&&e@ﬁ an-gutgmobile indudstry and the like due to the reason that a
silicon-made ultra-small-sized thermal type mass flow rate sensor can be
manufactured under a single processing, thus reducing the unevenness in
property among the products, and achieving the extremely fast response
speed as a sensor by making heat capacities small by downsizing, all of
which are regarded as excellent characteristics of the sensor.

However, it is noted that there exist many problems to be solved
with the said silicon-made ultra-small-sized thermal type mass flow rate
sensor. Among other things, corrosion resistance is one that is needed to
be solved urgently. That is, a silicon—made ultra~small-sized mass flow
rate sensor employs silicon to form gas contacting faces. Therefore, a

fundamental difficulty is that it can be easily corroded by fluids in a halogen

-2- u



famly and the |ike. Furthernore, organic materials
such as an epoxy resin, an O-ring and the like are
used as sealing materials for the mass flow rate
sensor, thus making the em ssion of particles and the
occurrence of the outside |eak unavoidabl e.
Accordingly, it becones unable that the sensor is
applied for the gas supply line and the like in

famﬁ?'ﬂrftpﬂ‘?@ﬁkgr manufacturing facilities. At the sane
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toFso{ve difficulties the. ?fore-msnti oned silicon-made .

ul tPRUSERIONS | FEANIG R EIR1E FYE s aNf PROXY diesinv et &) Ting
faces. For exapple, with the TOKU KAl No.2001-141540,

andttﬁg HERBrRAISCNgS Asgd ngqmsiarials, Eyrethes mpssy flgsuratensersor,
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silicon substrate A as shown in Figure 18. Wth Figure

leakl GinaRoidedledeAgratdenglyl, i it obecxingde Liaybles thet fthensénsor is
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applied foedie gasrepbiyntinbamdvaeelikd Ratemicdhd & Bt Wighakturing
TOKU- KAl No. 2001- 141540 Public Bulletin [Patent

facikiijkgrature 2] TOKU KAl No. 2001-141541 Public Bulletin
(bj ect of the Invention Wth the silicon-nmde
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to sbﬁyeerdifffcsulties the afore-mentioned silicon—-made ultra—small-sized
thermal type mass flow rate sensor faces.

For example, with the TOKU-KAI No.2001-141540, the TOKU-KAI
No0.2001-141541, there is provided a heat resistance layer Es 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 18. With Figure 16, Ei~Es
designate silicon oxide layers to form a film E, E4 a silicon nitride layer, Es
platinum, and C a lead connecting hardware.

[Patent Literature 1]

TOKU-KAI No.2001-141540 Public Bulletin

[Patent Literature 2]

TOKU-KAI No.2001-141541 Public Bulletin

Object of the Invention

With the silicon-made ultra-small-sized mass flow rate sensor

illustrated in the afore-mentioned Figure 18, a silicon nitride S« layer
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formed on the | ower face side of a frane D and a heat
resistance layer E6 conprising a silicon nitride

| ayer to forma filmE have been provided to enhance
wat er resistance and noi sture resistance. However, it
is far fromthe fundanental solution for the problens
such as the afore-nentioned corrosion and the |ike
due to the reason that the frane D itself is forned
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revent unevenness in quality anong mass flowrate
eml&ﬁéﬂ%@r tparhinle acther edurenenaineetsede leakioandahe like cannot
be avoided with a silicon-made ultra-small-sized thermal type mass flow
rate sensor in addition that it is less corrosion resistant. It is a primary
object of the present invention to provide a corrosion resistant metal made
thermal type mass flow rate sensor and a fluid supply device for which the
sensor is employed, thus allowing to manufacture ultra—small-sized and
consistent products by making use of micro-machine technologies, to
achieve the excellent corrosion resistance and the fast response speed,

and also to enable to make it particle-free and outside leak—less.

Disclosure of the Invention

Inventors of the present invention have come to an idea, by
employing micro-machine technologies, to prevent unevenness in quality
among mass flow rate sensors manufactured, to enhance corrosion
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resi stance and responsiveness, and further to achieve

to make it particle-free and outside | eak-1ess by

form ng two pieces of tenperature detecting

resi stance, a heater, a lead wire to connect el enents

and the like required for a mass flow rate sensor by

using a thin filmbody on the substrate nmade of the

corrosion resistant netal such as stainless steel and

the like; and manufactured trial mass flow rate )
resiskangg sandinfesnsivenesserad rlaptharedoormohieve btsethake it

the said idea. The present invention has been created
partigleeframanteutaids makeiesobydfordeng amd pleeesesiutdmperature

various tests. The present invention as clainmed in
detadtaigwdsissarfo) dareriba) & Yesabwiansd conhest dlbatents dril the like

equi pped wth a sensor part 1 conprising a corrosion
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a tenperature sensor 3 and a heater 4 nounted onthe
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bo 21 eqU| pped with a fluid passage for

ni BRESR baRVRRIOR hehdg uiheam| ereatasy dasedi don  the
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aforgsmantignad ideawhed ﬂusweﬁuhg annearbugatsists. 2Thes present
. suppressed by relatively raising stiffness of the
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_gasket_ 27 to secure herneticity. The present invention
equipped! aiited isenChai fard ACEOMPRInG Oa DoRrH3ibnOFesisbant metal
substrate 2 and a thin film F forming a temperature sensor 3 and a heater 4
mounted on the rear face side of the fluid contacting surface of the said
corrosion resistant metal substrate 2.

The present invention as claimed in Claim 2 according to Claim 1 is
so made that a sensor base 13 equipped with a sensor part 1, a fluid inlet to
make fluids flow in, a fluid outlet to make fluids flow out, and a body 21
equipped with a fluid passage for communication between the fluid inlet
and a fluid outlet are connected, and a strain applied to the said sensor part
1 when fastening a metal gasket 27 is suppressed by relatively raising
stiffness of the material immediately thereupon against the said metal

gasket 27 to secure hermeticity.

The present invention as claimed in Claim 3 according to Claim 1 or



Caim2 is so made that a corrosion resistant netal

substrate 2 is formed wth thickness of |ess than

150pm The present invention as claimed in Claim4

according to Claiml or Caim3 is so made that a

sensor base 13 equipped with a sensor part 1

installed to secure herneticity and a corrosion

resistant netal substrate 2 are fastened hermetically

wel di ng. . The present jnvention as clainmed in Cl aim
Clas A topainade dhef aiGArTosion ESIHENt anaiahWihstratead is dormed
.1s so made that a thin filmF is constituted wwth an

with geigkaesswiflesmtban dOtnon the rear face of the fluid
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sensor 3 and a heater 4 forned thereupon, a protection

Claif I3M$ sot madeVvigiat theeh st babé o fe'qh[ﬁp%cﬁmtﬁ 'ﬁesé‘i‘?;‘;(ﬁj part 1
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to cover the insulation film 5 and the metal film M.

The present invention as claimed in Claim 6 is so made that a
corrosion resistant metal made thermal type mass flow rate sensor claimed
in either one or more of Claims 1~5 inclusive is mounted on a fluid
controller, to check the flow rate appropriately when fluids are controlled.

In accordance with the present invention, a mass flow rate sensor is
manufactured by applying micro-machine technologies as in the case of
the conventional silicon—made ultra-small-sized mass flow rate sensor,
thus enabling to reduce the unevenness in quality among the products to a
minimum. In addition, the corrosion resistant metal substrate used for a
sensor substrate (for example, the SUS316L-made substrate) is processed

to make it a thin plate with thickness of 30~80um by electrolytic etching,
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and a resistance wire and the |ike are made to be thin
films, to make the heat capacity of the sensor part
extrenely small, thus increasing the response speed
of the sensor remarkably. Furthernore, all the gas
contacting faces are constituted of a corrosion
resistant netal, and a sensor part and a sensor base
are assenbled by welding, and a netal gasket sealing
nt a. valve body apd the ]ik
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article-free and outside-leak-free. Brief Description
heagfcﬁpﬁélt@r% Tr#@s SENgAr epart| @XB”ep!Il%\lﬁr sordhaithus inawasing the
the sensor part of a corrosion resistant netal nade
resporscaPeey o thaswerfdoswemankabénsor according to the
present invention. Figure 2 is a cross-sectional

scherdiarenotiegvall alten ganecohtdchg Ay ard. cbhotitged of a
is an explanatory drawi ng of the operating principle
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flow rate sensor according to the present invention.
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Figure 1 is a plan schematic view of the 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 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 is explanatory drawings of the manufacturing process of a
sensor part, where (a) is a preparation process of the SUS316L wafer, (b)
is a formation process of an insulation film 5, (¢) is a formation process of
a Cr/Pt/Cr film (a metal film M), (d) is a formation process of a protection
film 6, (e) is a formation process of an electrode insertion hole 7, (f) is an

etching process on the rear side of the SUS316L wafer, and (g) is a
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separation etching process on the sensor part. Figure

5is a sectional schematic viewto illustrate an
exanple of a corrosion resistant netal nade thernal
type mass flow rate sensor. Figure 6 illustrates a

phot o- mask pattern to be used for manufacturing a

sensor part, and shows a state of a pre-nmask pattern

bei ng overlaid. Figure 7 illustrates a phot o- mask

pattern to be used for manufacturing a sensor part,
SepgrRflQh Ghghif R Gog Sg<dy the sepper pabcess in  Figure 4

(c). Figure 8 illustrates a photo-mask pattern to be

usédgtieg 5 isenseativnal aghamsénsdewto tillustnates hnwsamhple of a

is used for the process in Figure 4 (e). Figure 9
corrddios treatstananydtatl madestharaidlaypetmabe flisedaidbensor.

manuf acturing a sensor part, and shows what is used

f oFiglne pBoCESStrates FladUpRoth-thask Fpatteenldo be used for
illustrates the surface coarseness In the event that
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y ged view o

substrate. Figure 11l is a partirally enlar

beir?%o%ﬁﬁﬁé olytic etching part Qin Figure 7. Figure 12
'S a signal detection circuit diagramof a nmass flow

rate sensor.,.according to the present .inventiaqn.
Fi Eﬁ%‘éﬂﬁs  SUGSHRLEH ath (RPqtor BiaTa BAYEFRode DE used for
characteristics of a sensor part accordi n? to the

0

manyigclyning gy eeRsYnPanihand showshwhst thdiseg
Figure 4 (c).

r the process in

Figure 8 illustrates a photo-mask pattern to be used for
manufacturing a sensor part, and shows what is used for the process in
Figure 4 (e).

Figure 9 illustrates a photo-mask pattern to be used for
manufacturing a sensor part, and shows what is used for the process in
Figure 4 (f).

Figure 10 illustrates the surface coarseness in the event that
electrolytic etching is performed to the SUS316L-made substrate.

Figure 11 is a partially enlarged view of an electrolytic etching part
Q 1n Figure 7.

Figure 12 is a signal detection circuit diagram of a mass flow rate
sensor according to the present invention.

Figure 13 is a diagram to illustrate various characteristics of a

sensor part according to the present invention, where (a) shows the
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rel ati onshi p between the heat tenperature and the

resi stance value of the tenperature detecting

resi stance, (b) shows the relationship between the
heat current and the resistance value of the
tenperature detecting resistance, and (c) shows the
rel ati onship between the gas flowrate and the sensor

out put Figure 14 is a di agramto illustrate an
t he wr ponse aracteristic
relaglorp";%ép ]b|eg eFBttfge ? an@lgpn?ﬁgm ARER Y@ ?ue of the
i nventi on. gure 15|sasect|onal viewto j]lustrate

temp el R B e HSiBER8) {b) ahawsrgeorelatipnshin beiween the
rate sensor according to the present invention.

heat guirent 6and the erasisiaaceyivalie oof Ithestenperatureotdedecting
exanpl e of the assenbly drawing of a nass flow rate

resiséarsay, sk foldshgwsahieheelptionship bérween ithe.gdd fomerd® and
is a sectional viewto illustrate another exanple of

the shasoasseplt.y drawi ng of a mass flow rate sensor
according to the present invention. Figure 18 is a

seGlgaral] 4view Hi)agﬂalnvscbr ﬁtﬁt%eoyﬁléiﬁnefe tJ1ethe flow rate
conventional sili con made ultra-small-sized thernal

resﬁgr&ee BSFal Ot > o a? eﬁl%gg fl&r{vsﬁ'afg el SPe€€cﬁqrdﬁ%%ao the

aracters an corrosion resis
pretg?rﬁnﬁn%éﬁog. owrate sensor F athin filmMa netal

Figure 15 is a sectional view to illustrate an example of the assembly
drawing of a mass flow rate sensor according to the present invention.

Figure 16 is a sectional view to illustrate the other example of the
assembly drawing of a mass flow rate sensor according to the present
invention.

Figure 17 is a sectional view to illustrate another example of the
assembly drawing of a mass flow rate sensor according to the present
inventior.

Figure 18 is a sectional view to illustrate an outline of the
conventional silicon-made ultra—small-sized thermal type mass flow rate
SEensor.

List of Reference Characters and Numerals

S a corrosion resistant metal made mass flow rate sensor
F a thin film

M a metal film



Wa corrosion resistant netal material G a gas to be
nmeasured 1 a sensor part 2 a corrosion resistant netal
substrate 3 a tenperature sensor 3a, 3b tenperature
detecting resistances 4 a heater 5 an insulation film
6 a protection film7 an electrode insertion hole 8 a
conbi ned photo-mask pattern 9 a photo-mask pattern to
forma tenperature detecting resistance and a heater

10 hot o- k patt t d hole 11
onofo ek ot e nt aistal Sffefal n) ror et ching t he

re face side h a a groove part 1l1b a thin substrate
pa?f’ \7%‘%

%838 19 e mgasH

resists 13 a sensor base 13b a

fixture groove 14 a heater driving circuit 15 an
of flset SRAjS9EtAnt circuit (for the coarse adjustnent)
-10

_.10._

2 a corrosion resistant metal substrate
3 a temperature sensor

3a, 3b temperature detecting resistances
4 a heater

5 an insulation film

a protection film

an electrode insertion hole

o N O

a combined photo—-mask pattern

9 a photo-mask pattern to form a temperature detecting resistance
and a heater

10 a photo-mask pattern to form a lead hole

11 a photo-mask pattern (a resist pattern) for etching the rear face
side

11a a groove part

11b a thin substrate part

12a,12b negative resists

13 a sensor base

13b a fixture groove

14 a heater driving circuit

15 an offset adjustment circuit (for the coarse adjustment)



16 an offset adjustnment circuit (for the fine
adjustnent) 17 a gain adjustnent circuit for the
tenperature detecting resistance 18 a differentia
anplifying circuit 19 an output termnal 20 a joint
part 21 a body 22 a sensor base presser 23 a wiring
substrate presser 24 a wiring substrate 25,26 guide
pins 27 a netal gasket 28 a rubber sheet 29 a |ead

pi 0 a.Jead wire (a gold. w.re 1l a body 32 .a

b dete dlladibitned SPebintror e fine ag Patméiio

pi ellz7o electric valve driving device 35 an orifice 36

a fli ¢ 8ain adiisgpent gEganigordhetemneretire drtactipgrasistance
The enbodi ment in accordance with the present

i néht idbt{erentiglexoplifidtereredtder with reference to

t he draw ngs.
19 an output terminal

20 a joint part

21 a body

22 a sensor base presser

23 a wiring substrate presser
24 a wiring substrate

25,26 guide pins

27 a metal gasket

28 a rubber sheet

29 a lead pin

30 a lead wire (a gold wire)
31 a body

32 a pressure detector

33 a control valve

34 a piezo-electric valve driving device
35 an orifice

36 a filter
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Figure 1 is a plan schematic view of the sensor part 1
which is an essential part of a corrosion resistant
netal made thermal type nass flow rate sensor

according to the present invention. Figure 2 is a
cross-sectional schematic view taken on [ine A-A of
Figure 1. The said sensor part 1 conprises a thin heat
resistant metal substrate 2, an insulation filmb5

ace of .the substrate 2, a

S o H T s &5 HRB8 er 4 formed on the

up fac f the  insulation film5, and a protection .
1 Hes STBPAGHNGRL tife agepEHancR eWitdr thge Prespibr Wvgnsion is
sensor 3, a heater and the like. That is, the part
desqibed hereunger vath satoensarto theoflrawingsor r osi on

resistant netal material Wwith thickness of
12Digur&0pns(a plarm shhamatesvatvand! thet sénsaubpartal evBich & an
made to be a thin plate with thickness of

essapaloximaifed Yodsi8Apesiasntasthi ede tHiratal thpe mass flow
renmoving a part of the rear face side of the naterial

rateWdbhddie admirhaty ofg amhel ety tingettiohl NY Figure 2 is a
processing. Athin filmFis formed on the upper face

' f j _ i th

cro R SorGh SF AL gleRt Pen PR fRis SERTFofnee 11" "
teqperature sensor 3, ﬁ heater 4, argg. an el ectr.i% ¢ tal
co cto] ?eerbsd)l’pg@{ ( ot OTIPFISES: Agt 1&5 eal resistant meta

rotegtion filmé6. .Furthernore, an el ectrode insertjon
subgigpte mﬂaPHné‘ﬁlaé‘é’ErfdGFiéaF(gf%?éQni $e wppsistncsnot flae substrate
af ore-nmentioned protection filmby the etching
2, ajpBerstwg senggr Jrans adagder ¢ tasrd padbererpen faee phthe
. the direction of the arrow along the corrosion
insufadsors fidmt S nendla suitsctishei2n énfdrineed earthfeasppet facesf of the
the sensor part 1. Wien this happens, sone of the
temperdtuge agdridoy Bha pasté® and the like. That is, the part which

forms the sensor part 1 of the corrosion resistant metal material W with
thickness of 120~180um ( or a heat resistant metal substrate 2) is made to
be a thin plate with thickness of approximately 30~80um, as described
later, by removing a part of the rear face side of the material W by the
method of an electrolytic etching processing.

A thin film F is formed on the upper face side of the heat resistant
metal substrate 2 with an insulation film 5, a metal film M which forms a
temperature sensor 3, a heater 4, and an electric conductive lead part (not
illustrated), and a protection film 6.

Furthermore, an electrode insertion hole 7with an appropriate size is
formed on the afore-mentioned protection film by the etching processing.

_12_



possesses nove to the corrosion resistant netal

substrate 2, thus resulting in that the tenperature

distribution Tt of the heat resistant netal substrate

2 shifts fromthe tenperature distribution To where

there is no flow of the gas Gto the tenperature

distribution Tt as shown in Figure 3. As seen above,

changes in the terrperature di stribution of a

0Si on resi t net al strate used by _t

F ot A RS Jadocbs meadinath Hout it B aESTon otk arrow

vol t age val ues at t he both ends of the terrperature
alongethec EPFPSIUs resiatigngtal sbstrateyanithe reaiface sidepf the

changes in the resistance values of the tenperature
sengeit @ari ng Mébestthirc bappens.3pomehdt bhé dreat ayvamipsr dreuges G

sensor 3. Thus, a mass flowrate of the gas G can be
POS&eEBMAT !iDl}Z)VéGDd‘hEi cgrosienatsigeat inrethhsubsirhtg®, stalsuessulting

as a differential output. The above stated operating

in thstithei teheperfat@rd SRtrBLtibYPE: Bt héWedigladt $8OR0kubStrate
identical with that of a publicly known silicon-nade

2 sHifte rfF@Jn tHeYREnp&Stufd ﬂ%tf‘ﬁ)h%o%eﬂg%he@ 800 ?1'6% of the

explanation in detail 1s omtted here. Referring t

t 150
sas G 8RR BL BB oh s AT BRI E RS
582{ o R SRR ") e iRl ASUABSHSN o
ore-mentioned sensor ar& 1. Wth the enbodi nen
O RSB ATOBE S SRYF BieeL (GBS ety th (oW Mlcigesas & are

of f 150pmis used. The part which forms a sensor part
preserdedt pe shargewrinothonveltagsteaiues net dhenboth iendsyof the

that is, a corrosion resistant netal substrate 2
temperatiure dediecting resistances 3a, 3b through the mediation of changes

in the resistance values of the temperature detecting resistances 31, 3b
which form a temperature sensor 3. Thus, a mass flow rate of the gas G
can be known by detecting the changes in the voltage values as a
differential cutput.

The above stated operating principle of a thermal type mass flow
rate sensor 1s identical with that of a publicly known silicon-made thermal
type mass flow rate sensor. Therefore, the explanation in detail is
omitted here.

Referring to Figure 1 and Figure 2, a less—than—approximately—150
pm thick thin-plate—shaped metal plate having corrosion resistance is most
suited for a corrosion resistant metal material W which forms the
afore—-mentioned sensor part 1. With the embodiment, a stainless steel

_13....



by a dotted Iine) is nade to be thinner by an etching
processing as explained later, thus substantially
making it approxi mately 30--601li mthick. As described
| ater, the afore-nmentioned insulation film5 is an
oxidized filmwth thickness of 1.2pm-1.8pm fornmed by
the so-called CV/D nethod. Wth the enbodi nent, a
1.5pmthick SiQ2 filmfornmed by the CVD (chem cal

Vapgr i t.i.on). method | sed.for the insulation
platﬁﬁ%%ﬁgﬁz“ﬁ#kb%‘-‘:%ﬁ?%ﬁtjsbélﬁbé? 4Ptfe detecting

resistance 3.and heater 4 are made froma netal film

M fﬁiﬁr@éf hyhich frmena srizgerpRantdr af the seisecorrosien sesistant

sensor (not illustrated) on the afore-nentioned
metahsigtariab WV f thainis. a coynasiom sesisbanti metal, substertpe? Gtnmiecled

detecting resistance 3, a heater 4 and the |like are

by madettedotma) nist atade It bef duinmer blyy aarCrétBhing friokessing as
(with thickness of 10/100/101li mrespectively) being

explaincdaasd, tuoEdBEtARYialliemakanolt eﬁﬁﬁ@%ﬁﬁlhﬁél%r@%m thick.

The afore-nentioned protection film®6 is a tilm body

covey icRGctiRd URRST PR taf@?e-@nﬁgﬂpﬁégt Hfs@\}étjtﬁﬁr?ﬁfglmgé is an

resistance 3, a heater 4 and t
: i : ==PaT LRI i fii f or.ne
oxsSEBRTPRN, KBRSt a1 AR S S R AT PR oo
[QVi ith _an el ectrode. i nser.ti Qr ol e 7 sujtabl
metBR 3t thieiPainiSin Aty Bitk ST0; afmafmitd Sa e cvD
(hel ectr.ode rqd and_tBe li ke through the said el ectrode
CheTRGE \ hPhgeROfition) methed ipased ek the desyatign film 5.
corrosion resistant netal substrate 2 which forns a
sendwrafgapr mentioradieshparatiure dehe cting sesistarse: 3 gophheater
by applying an electrolytic etching to the corrosion
4 areemiade mmretmetatefilen iMifothasl by using the mask pattern for the
flow rate sensor (not illustrated) on the afore-mentioned insulation film 5.
With the embodiment, a temperature detecting resistance 3, a heater 4 and
the like are made from a metal film M formed by a Cr/Pt/Cr film (with
thickness of 10/100/10um respectively) being laminated in order by the
vapor deposition method.

The afore-mentioned protection film 6 is a film body covering the
upper part of a temperature detecting resistance 3, a heater 4 and the like.
With the embodiment, the 0.4~0.7um thick SiO2 film formed by the CVD
method is used.

The said protection film 6 is provided with an electrode insertion
hole 7 suitably shaped by the plasma etching method, to draw out an

electrode rod and the like through the said electrode insertion hole 7.
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described later. A sensor part 1 is eventually

separated froma corrosion resistant netal material W

by the nethod of a so-called through-etching

processing. As described later, the separated sensor

part 1 is hernetically fixed to a corrosion resistant

nmetal nade flow rate sensor base 13 by the | aser

wel ding or the like, to constitute a corrosion

re stant petal pade thernal] type mass flow rate

erld¥y reanfacs gidegot 8 quéoﬁ%é?ﬂlsiaﬂﬁéﬁﬁtairﬁuhﬁé&&te 2 Wéhwh

nanufacturlng and_wor ki ng process of the
forms arsensentnarhddsdensbed peith thickseds of (3GeB0umilguapplying an

is an explanatory drawi ng of the manufacturing process
eleafolyticsertshingard theactordsiog tresidtanpreseat material W as

invention. First, a stainless steel nade thin plat
des¢SQbedlgtar Wit h appropriate dinmensions, for exanple,

of the dianmeter of 70mmt -150mm 4 , the thickness of

130 Séﬁ@éi* Baf6 lpfsegééﬁﬂlafll%r ?%@&§ﬁ%8ﬁ L eSreh&dh re51stant

nmetal materiral W(Figure 4 ere IS no need t

met3FH AR W bYBe Tk AloPhEh Sosi e Red tRPRLR o Rhing prpcessing.
t hin stainless, steel t e
As §O80 e Taral) T P@g?ge[daﬁ?n%gaﬁ ? if iy fe dato a
ST film( an|nslat|onf| 5 with thickness of
COI’I‘&&&%{%@W mpetal; made ﬂé’i”hé’@t%rﬁquﬁé’fob?‘é? kedy ttheelaser
of the -15 afore- rrentl oned stainless steel nade thin
welding: er thefikien b constitiitieed carr@iiss resisianemetbymade thermal

enpl oyi ng a plasna CVD device (the Plasna-Enhanced
typeChaasiscidb wagiersebeposS ticoordegi toedhef presdritdnvEEDSn.

Next, the manufacturing and working process of the
afore-mentioned sensor part 1 is described.

Figure 4 is an explanatory drawing of the manufacturing process of a
sensor part 1 according to the present invention.

First, a stainless steel made thin plat (SUS316L) with appropriate
dimensions, for example, of the diameter of 70mm ¢ ~150mm ¢, the
thickness of 130~180um is prepared for a corrosion resistant metal
material W (Figure 4(a)). There is no need to say that a thin metal plate
(for example, an austenitic steel plate made of a Cr—Ni alloy) other than
the thin stainless steel plate can be employed for the corrosion resistant
metal material W. |

Then, a SiOz film (an insulation film) 5 with thickness of
approximately 1.5um is formed on the outer rear face of the
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(Tetra-Ethoxy-Silaue) is used (Figure 4(b)). And,

there are fornmed patterns of tenperature detecting

resi stances 3a, 3b, a heater 4 and the |ike nmade from

a netal filmMforned by a C/Pt/C film(wth

t hi ckness of 10/100/ 10pm respectively) by enpl oying

an el ectronic beam heating type vapor deposition

devi ce and photo-mask patterns 9 iIIustrated in

ure.7 on the afore- ntloned Si02 film

aforg g‘ﬁl@ﬂ“@@ﬁ'ﬂr%tawiﬁﬁﬁu@, t@adg Hhisy é’lﬁt@s%hﬁﬁﬁflﬂéftﬁfscﬁﬂed a

a state of a photo-mask pattern 9 being conbined with
SUR Kot owbe} pdot erempying f 8r mpasmeaecOVdde device (the

insertion hole 7 as described |later. Then, a Si02 film
Plagmaa pEohantedrChemigal 6Vapoh Dépokiness D@fvicea)p b0 xi niate [EOS

0.5pmis fornmed on the tenperature detecting
(TetrasiEshargeSilade) dbused (Firrurkeat®). 4 which forma

tenperature sensor 3 forned in the process of the

af orR: MREtd SRCEhrimh&d patErAs O@X@rﬁiggrQMir’é%éteEhﬁé%sQ@nces

for which the afore-nenti oned I's used (Figure

3a, ?%S)Qn{hze'%géxeﬁ Eﬁéttglet RRECmiafe "R 1 epr%tﬁ Vﬂlfghl\@ f%? doi)y a

electro I nsertl on raw ou

t4,0d for prot ec .
Cr/fyCE AL . Inif et B TRAOPLEwmlisRess iRl Ly dpjovine
hoto mask patter.n 10 to for
an ei%%f)flbfdng o B el bR e/t dStosition Javiee gndopRowgTRask
pl asma etching device for which CF4 gas is  used
Datt(ém%; dridugtrafed 1o fagmie 7ten the af@”aas-@new@ned KOs figay Bligure
material and Cr have a high tolerance to plasnma by
4(chHhe Kigargad, illustrateshianghiotopmagkepatterop8 in a state of a
automatically upon conpletion of the etching of a Si02
phofd+4maék pHiesref Brigeing combined with a photo—mask patternn 10 to
form an electrode insertion hole 7 as described later.

Then, a SiOz film (a protection film) 6 with thickness of
approximately 0.5um is formed on the temperature detecting resistances
3a,3b and the heater 4 which form a temperature sensor 3 formed in the
process of the afore—mentioned Figure 4(c) by employing a plasma CVD
for which the afore—~mentioned TESO is used (Figure 4(d)).

After that, there is made a hole with a bore of 200um (an electrode
insertion hole 7) to draw out an electrode on the afore-mentioned
protection film 6 for a temperature detecting resistance 3 and a heater 4 by
employing a photo—mask pattern 10 to form an electrode insertion hole
illustrated in Figure 8 with a plasma etching device for which CF1 gas is

used (Figure 4(e)).
— 1 6_



there is no risk for a so-called over-etching. Upon
conpletion of the afore-nentioned processes on the top
face of a corrosion resistant nmetal material W(the
SUS316L wafer), a resist pattern is forned on the
rear face side using a photo-mask pattern 11
illustrated in Figure 9, and an etching processing is
performed on the rear face side of the nmaterial Wto

ma [ S c i mat el 50 by an .

el l?é‘}etr gﬁyt%l?clce C%I rtﬁlgaet( g{%ﬁg@%ﬁi)’)ma%%%lr ?nﬁlr?%r i’ﬁgﬁna high

in Figure 4(f) is r e part to separate the
tOlegaﬂ%%ry(bantaglﬂaf B e Uik dfA%al thy F1CBIME 1§ WHPAress stops

substrate part made thin by the etchi n_g)ap(ocessi ng.
autqrgatirglly anesgeempietier oé the richingsef A Yatfilsebhodheradore,

a negative resist 112b (a dip coat nethod) are coated
thergnis e rigkafort aco—satledosvartretchimg osi on resi st ant

metal substrate 2 whereon the afore-nentioned fil ns

we Uipdroc omghleon o e hteha flors thedntaire dprdcddse sam the top face
rear face side. And then, the thin substrate part |

of d bofnisidn trekiARS sntfal aRMRidI W &ihe SOEBD6IOkvarbPE a resist
groove part | la is penetrated circularly by applying

. . i ch  de :
PeUE ISR HEREREhs I 06T LEE LBt Pl WAt 1
; t i -al f e i the
il RSN O, 51 A el o Pl [P BRYLBh (G tng rear
S r d fromt terial Wis fitted into the .
face? FRE B B SSEHAl WhE Hald i icknass besonts oarpwimately
50 thl()e shape shqwn in Eigu 5, arE fixed hernetically
BERbY B8 Slesdeyhgstchmeg (Figgset Gl di ng on the outer
peripheral part, thus a corrosion resistant netal
madePeHel hal Shae imaEiguneodli dsea groove part to separate the

sensor part 1 from the material W. 11b is a thin substrate part made thin
by the etching processing.

Lastly, a negative resist 12a (a spin coat method) and a negative
resist 112b (a dip coat method) are coated on the rear face side of the
corrosion resistant metal substrate 2 whereon the afore-mentioned films
were formed and the thin substrate part 11b on the rear face side. And
then, the thin substrate part 11b (with thickness of approximately 50um) of
the groove part lla is penetrated circularly by applying an etching
treatment with ferric chloride solution (FeCls - 40wt%) so that the sensor
part 1 is separated from the material W.

After removing the resists 12a and 12b, the circle-shaped sensor
part 1 separated from the material W is fitted into the fitting groove of the
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sensor S according to the present invention being
constituted. Wth the etching processes shown in the
afore-nmentioned Figure 4(f), a mxed solution of the
sul furic acid and nmethyl alcohol is used for the

el ectrolytic solution, and a photo resist is used for
the mask material to etch the specified parts on the
rear face side of the material W The coarseness of

the rear ce aft electrolytic etc )
sens3F e ol Sofarfiedrio? b 5?%%%@@%1& wﬁw 5, and fixed
substliate is found to, _be less than
her@ia Lo oring Anspb base, 53 Prdnsat BE [dmon fis Buterperigheral
no | ocal over-etching. Nanely, it is found that an
pari|thgsr dloprresiencissistams tinethlirsada thexmadtwpy whsedlowerate
one to conduct etching on the SUS316L due to the
sensensoacedrding tgdbe pretant imgemiaon being bengsutpdpi ng
system for the sem conductor process is needed to be

paWith! tref ethiapdbeeseek oshdwren thePafére manfib8sd Figure
10 shows the afore-nentioned electrolytic etching

4(f)PQVIﬁ1,erf‘§olﬁt1%Hrcﬁ thé dififdfic %Elcﬁéﬂ@%é’ﬂh aﬁggﬁdﬁs used for the
electrolytic etching part Q Figure 12 shows a signa

ele dBLB%H éﬂ leucdor Ctﬂrfd Q' t‘;iS Ié’glsf?‘ RS df fo‘}v‘fher ﬂ{%l{sﬁﬁﬁgﬁal to

accor nven I ON "Shown

he sa et i on
etctf}f %%P?%%EPP& ‘g%%ﬁ%} %%P{Ael‘)?égﬂé%?tgf aﬁ?‘ﬁ’v. i
CI it 14, an offset adjustin mrcwi (for ]h
Caaﬁf‘é’c“-‘r%n?g the reah Gepsait o LRI erqffg'oléntlrcc@rq ing was
peréq;or a fine adjustnent) 16 ain adjusting circuit

a
med parp @raéem@n@at@@ﬁﬁrf‘gllﬁaégbram gybstgate 2 is found to

differential anplifying circuit 18 and the |like. Wth
be lesguheniRa Bausnds 3thown in Figure 10. This indicates that there

exists no local over-etching,

Namely, it is found that an electrolytic etching method is an
extremely effective one to conduct etching on the SUS316L due to the
reason that a gas contacting part in the gas piping system for the
semiconductor process is needed to be particle-free and corrosion-free.

A part Q in Figure 10 shows the afore-mentioned electrolytic
etching part, and Figure 11 is an enlarged view of the electrolytic etching
part Q.

Figure 12 shows a signal detection circuit diagram of a mass flow
rate sensor according to the present invention shown in the
afore-mentioned Figure 5. The said signal detection circuit comprises a
sensor part 1, a heater driving circuit 14, an offset adjusting circuit (for a
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are tenperature detecting resistances, and 19 is an
output termnal. Referring to Figure 12, a sensor part
1 is heated when a heater driving circuit 14 starts
operating. Resistance val ues change with the
tenperature changes of the upstream side tenperature
detecting resistance 3a and the downstream si de
tenperature detecting resistance 3b which formthe
e rature sor of the sensor t 1 _when_.the ga
coatS BELR R T FR0%0 Bl e Guiite Srhultdfiny aleqausind 16,
iq?%éﬁed.as t he .cEanges in the output voltage to the
a Eai radunting) CURBI £9F Ry temRreratures datpednghresistawen 17, a
.adjusting circuit 17. The output difference between
differgntiglgnplifvieg ciscwigtifuanddhedikene WithpBigurer h2n3h at@l 3b
by way of an operation anplifier 0707. A corrosion
are temipsraiirendetaictmigostgiatamc2swand i 9 oy as cutputs enswinal.
part 1 according to the present invention is made to
be Refthiingfid Pigyreell@cta gkyibbe paet chii@theatbBar #hehea heater
there is a possibility that the sensor part 1 is

drivihStré@d by dthasIapePigssUr Re¥RemdN e, @hfahg)éfwéth the

thus resulting in that the resistance values o

tempSPRRE! WiRmREECh Nhd eﬁt@fgﬁgﬁiassn‘%%brg&trﬂ el 16y detecting

enperature sensor 3 mght change: "F § ‘reasol
resistiE) 38, rld B P it S Blvestathiel Fiectie pedisnce
3o GoESEP O oo SRt i SSHREPBS, i the s
circuit according to the present invention, it is so
G tgohet maassdet hEpWst Reroulbs dtheaghienges agrorinptittele as the
vol tage val ues outputted fromthe upstream side
changepdnathg eowetiectaltage dei thantiffeBantald anidifgovnstir@am 18
through the gain adjusting circuit 17. The output difference between the
two values is outputted to the output terminal 19 by way of an operation
amplifier 0707.
A corrosion resistant metal substrate 2 which forms the sensor part 1
according to the present invention is made to be a thin film by electrolytic
etching. Therefore, there is a possibility that the sensor part 1 is
distorted by the gas pressure when the gas G flows, thus resulting in that
the resistance values of the temperature detecting resistances 3a,3b of the
temperature sensor 3 might change.
For this reason, in the event that an usual resistant bridge circuit is
employed, there is caused a problem that the output of a sensor part 1

changes with the occurrence of distortion. However, with a signal
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side tenperature detecting resistance 3b are
i ndependently adjusted by the offset adjusting
circuit 15, and the input values to the differentia
anplifying circuit 18 are further fine-adjusted by the
of fset adjusting circuit 16. Therefore, the changes
in the output voltage values of the tenperature
detecting resistances 3a, 3b caused by application of
t he gas ressur.e are _cancel |l ed by t.he adjustnent. of
detdqlird el e b 1l BrSantanyéatipn, RahSowgrpditated that
changes _of the. sensor part 1 caused by the gas
the p’faé§gupé sawlkicatigmp ot dhe yaPpresyaliies ruypatieshifrgm the
the detection of the nmass flowrate with the high
upsHegresidd taomaratyre Hetpeting Tesistanck aip andt the downstream
_illustrate the characteristics of a mass flow rate
sides termper Suae coetichimgt oesistarpre Sbnared indapémdenthy guliested by
13(a) shows the relationship between the tenperatures

the dfffsethadhantink aneuind 5, eshétiaectputaliRes b ahee didéidntial
shows the rel ationship between the current val ues of .

amplifheat Qirchian® the f@shst %&@—é{@hﬁ?&i tﬁPQPEi gHs8t L¥ifdting

shows the relationship between the gas flow rate
circlBOFR) -1 oL gL AU ERAES (gt of e
oSBT g ERSMATEL L AL M UYL e o
preq<gRp ianCu e B Wier USROSt 0 g A GAHPR Felesane

val ues). The heater 4 was fed -20 with a current of

10AR, thgesuile the Pyt ahanges eéthagenser paghdetauded3hy the

were fed with a current of 1.2mA. Wien a gas flow rate
gas paesstigecaro be anmgeleitalyt fiepprasgedpthus allowing the detection of
the mass flow rate with the high degree of accuracy.

Figure 13 is a diagram to illustrate the characteristics of a mass flow
rate sensor S according to the present invention. Figure 13(a) shows the
relationship between the temperatures of a heater 4 and the resistance
values. Figure 13(b) shows the relationship between the current values of
a heater 1 and the resistance values, and Figure 13(c) shows the
relationship between the gas flow rate (SCCM) and the detection output
values (v).

The resistance value of the heater 4 of a sensor part 1 used for the
measurement of various characteristics in Figure 13 was approximately
2.4k& and the resistance values of the temperature deteéting resistances

3a,3b were 2.0k (both carryving the same values). The heater 4 was fed
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0- 100SCCM the changes in the output value of the

sensor part 1 was approximately 1.0V (note: the

out put value was anplified by 500 tines by the OP

anplifier). Furthernore, the output value of the

sensor part 1 depends on the interstice (a flow

passage hei ght) between the sensor base 13 of a nass

fI ow rate sensor S and the fluid passage as shown in

gure 15 to be described |ater. Therefore, the
Wltfpas%urﬁﬁ@t pbdSmpngnd dhgdesiparasutd datecting resistances 3a,3b
gwoprl ately changed by adjusting the afore-nentioned

werfel watthea duesi-git of Fiyufe 14 illustrate an exanpl e of

the flow rate characteristics of the nmass flowrate

seVéloen Saagasr fiokg taret Reapreaest thN¢RBALZONIn aiHé Aas@e of

illustrates the characteristics in the event that a

O~ 1S ECPY thet BhhsgSetinahe ButphOPHEM oFihd & e pdd 1 was

the curve SAillustrates the flowrate response

appPOEhRGERF 'ISGVQ’E;OE’@ {2 H?ﬁ& Jahﬁ%"l Wl Snﬁ)gﬂgeocgpg £0Q times by

accor di ng to t resent I nven

ral axi s i ndi cat es 500rrsec. The curve SF
the%é&&rﬁaffeé’ the flow rate response characteristics of

ss flow rate senso wi t.h t he conventi onal

Eggﬁ}%“%%e Eﬁdwtpaféf alye, of 'the sRAGUPAHdE daneadspr the

. condltl ons. Figure 15 illJustrates an exanple of the
intefphice §Lfbb‘f/w3rﬁ§86@vh@6ht)e&atwp@a thiet $ensarabase 1dwof at mass

sensor S according to the present -21 invention, and
flowairste iSensst rStassl dhetitiel passegermss shbwn imtRigapnsts t6 be

being fixed to the joint part 20 nounted on the gas
despabsddaterW {Thdriefotres the podkibldaskapatiag ranpedf ok fib® rate

joint part 20, 22 a sensor base presser, 23 a
can be appropriately changed by adjusting the afore—mentioned flow rate
height.

Figurel4 illustrate an example of the flow rate characteristics of the
mass flow rate sensor S according to the present invention, and also
illustrates the characteristics in the event that a gas flow rate is set at
0~100SCCM. With Figure 14, the curve SA illustrates the flow rate
response characteristics of the mass flow rate sensor S according to the
present invention, and a graduation on the lateral axis indicates 500msec.

The curve SF illustrates the flow rate.response characteristics of
the mass flow rate sensor with the conventional pressure type flow rate
control device under the same conditions.

Figure 15 illustrates an example of the fluid supplying device

equipped with a mass flow rate sensor S according to the present
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Wi ring substrate presser, 24 a wiring substrate, 25 a
guide pin, 26 a guide pin, 27 a netal gasket, 28 a
rubber sheet, 29 a lead pin, and 30 a lead wire (a
gold wire). The afore-nentioned guide pins 26,27 are
used for the positioning at the time when a mass fl ow
rate sensor Sis fitted into a body 21. The space
bet ween the sensor base 13 and the body 21 is
. __hernetic lL‘?YOS cured by the netal gasket 27. The mass
mveriy. 3R agto tHisttesa slaRed the masollgh sata spasomPdreing
. 2la is _detected by the sensor part 1 while the gas G
fixgdst thes ioigt marb @§hmonated sinddie s phesagowitsFagee 15, 21
21b, and the gas G flows out through the fluid outlet
desizrmteswabddyhef dhesjodet puit BOL IR2 pr esesdr bavenpreera 23 a
gas Gto be neasured flow while the gas G is brought
wiringt sutesina@chrovdelr, Rhe: QiBaEHubseRes 2654 kalde Bin, 26 a guide
Therefore, unlike the case with the conventi onal
in, 97 hGABtATRLR : t ' CEndl3dh! i
P t hat tﬁe subé{??’g%%a?@sbegoﬁegéggﬁ%ﬁﬂﬁg’ ggg BC?L' lead wire
[ ; 6 illustrate a mass flow rate sensor S
(a ggg:(ggflg?)rlig to the present invention being assenbl ed

i A0 mai n_bod art of t essure, .type flow .
Bt el SRR ROl Ring 962 58S 0! Wik pesitipning ac
the TBSS fbow rate ensort 31 a bgﬁly, 32 a.pressure
€ JUPCVBFN Bap oM spts sepsor 1 fitlpd jotoepdredy 21. The
valve driving device, 35 an orifice, and 36 a filter.
spacebetyvgapdhe enspy basatlekand ae bodyodl inhermetisally Secured
according to the present invention wherewith the
by thesuataligapkedsi®ion is altered. Therefore, Figure 17
is substantially identical to Figure 16.

The mass flow rate of the gas G flowed in through a fluid inlet 213 is
detected by the sensor part 1 while the gas G is passing through the inside
of the flow passage 21b, and the gas G flows out through the fluid outlet
21c toward the outside.

With the present invention, a gas G to be measured flow while the
gas G is brought into contact with the SUS316L-made substrate 2.
Therefore, unlike the case with the conventional silicon-made substrate,
there is no chance at all that the substrate 2 is corroded with the gas G.

Figure 16 illustrate a mass flow rate sensor S according to the
present invention being assembled into the main body part of the pressure
type flow rate control device. With Figure 16, S designates a mass flow
rate sensor, 31 a body, 32 a pressure detector, 33 a control valve, 34 a

piezo—electric valve driving device, 35 an orifice, and 36 a filter.
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The constitutions of a pressure type flow rate control
device and its nmain body part are publicly known, for
i nstance, by Patent No.3291161, the TOKU KAI - HEI

No. 11- 345027 and the like. Therefore, the explanation
is omtted heremmth. Effects of the Invention
According to the present invention, a substrate 2 to

formthe gas contacting parts of the resistance type
is mage from a corrosion

mais fl on?rngﬁe sensor ]
r eS8 YNt Il LHF2ies an@ase llewskaleorensenteacchsding to the
tenperature detecting resistances 3a,3b and a heater
pregenly oIV t dvhasetfiiln- fthem assemblbye ngldsigonsdsof altered.
m cro-machi ne technol ogi es. Accordingly, the corrosion
Theresors, dfigurefl 7t isesufsantall pdtiengeplard Figureehhanced,
and, at the sane tine, uniformty and conpactness of

t h&hepcomtitutionar ¢ics eresduresty Refib @ r8SRANBS $PEed M its
decreasing the thermal capacity, being particle-free

mainbddyheart ke pabBichl kna® eyefhstAscS A PQt&ﬂW&EBZQtﬁ%L the

present invention achieves excellent,” practica

TOrGERA S ER ol ?1;(??5(5‘?? anﬂmﬁéawg% h Wﬁ?ﬂ%&'éﬁo&%y Sé'lg 'explanation

manuf act uri ng Ities D

: [ - . facilities. -23 Scope of Caim Wuat is
s O@Ilggﬁeﬂﬁeg‘%l ‘daiml1ll Afluid supply equipnent for

Effev\/ni C thernmal type mass flow rate sensor nade of
1l ant nmetal is used characterized by

conprising: a mass flow_ rate sensor nade of corrosion
r eSCSPEHPENY de Pragepbiipvention, a substrate 2 to form the gas

contacting parts of the resistance type mass flow rate sensor is made from
a corrosion resistant material, and it is so constituted that temperature
detecting resistances 3a,3b and a heater 4 are formed to be thin-film-like
by making use of micro~machine technologies.

Accordingly, the corrosion resistance of the gas contacting part is
enhanced, and, at the same time, uniformity and compactness of the
product characteristics, better response speed by decreasing the thermal
capacity, being particle—free and the like are all achieved. As stated above,
the present invention achieves excellent, practical effects when in use not
only with semiconductor manufacturing facilities but also with chemical

plant-related facilities.
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tenperature sensor (3) forned of a thin film(F) on
‘the back side of the fluid contacting surface of a
corrosion resistant nmetal substrate (2) with thickness
of less than 150um and.the afore-nentioned thin film
(F) of a thin disc-shaped sensor part (1) provided
Wth a heater (4) are positioned inside the hole part
of a sensor base (13) nade of corrosion resistant
nmetal having a hole part on the bottomface of a
thi ck-wal | ed and short cylinder having an open upper
end, and the outer peripheral part of a sensor part
(1) is |aser-wel ded anddpeerf Gloithe sensor base (13)
in a state of a fluid contacting surface of the sensor
8 ¢4medi§f the afore-nentioned sensor part (1)
bei ng. mai ntained flush with the lower face of the
Hg@ﬁkg} base (13), and a corrosion resistant nmetal body
(21) eqU|p ed wwth an insertion hole at the md point
for tHe @@ﬁ@eppwagﬁwpmt der tviuchfap thermahttyem stasmdow rate
flowrate sensor (S). .having an inner dianeter nearly
SEIMPAIMAds efrermsia resisiartirastiabis el charasterizrthby samarising:
sensor_base (13) with an open upper part, and al so
8 é&i‘ﬁ?’%pfgﬂ’v e reeaser unade refecofrogion) regifdant melald Sowdesein a
for communi cation to the bottom 24 face of said
lemi-‘@é% ®$eRsPle{3) datmed Nf ot thie filof (F)en Hieobackrsistel ohihe fluid
sensor part (1) caused by said netal gasket (27)
C%Ha%wwﬁr@ plsa §P§O@ﬁﬂé§$lﬁyaﬂmk¢iﬁb$mbajl‘aﬂ¢ {3) with thigkness of
sensor base 'E% agai nst the afore-nentioned
lewétﬂaﬂmd 29ken 7 )hq ﬁfqrﬁénmtmmd thimfilra (bohk s Risc-shaped
(27) is provided between a sensor base (13) of the
SSISSF eafdh} Pitedwids afhesler (dhees pesiiened igpideribe holsipart of a
into an |nsert|on hol e of the afore-nentioned body
E(rm’y bagad13) pedle ehagrosiad resislesivieiakhgdng 21help nnaﬁ on the
rmed between the bottom face of the afore-nentioned
bqth% fAG%P f Hriek-walied pad Hiel crligeer Baviep ansmesoiPrsssad, and

lhglgt.)tter peripheral part of a sensor part {1) is laser-welded and fixed fo the
sensor base (13} in a state of a fluid contacting surface of the sensor base {13)
of the afore-mentioned sensor part (1} being maintained flush with the lower face
of the sensor base (13), and

a corrasion resistant metal body (21) equipped with an insertion hole at the mid

point for the sensor base (13) of the afore-mentioned mass flow rate sensor (8)

- having an inner diameter nearly equal to the outer diameter of the

afore-mentioned sensor base (13} with an open upper part, and also equipped

with a fiuid infet (21a) and a fluid outlet (21c) for communication to the bottom
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and the fluid contacting surface of the sensor part
(1), and a wiring substrate (24) and a-wring
substrate presser (23) are fitted into an insertion
hole of the afore-nentioned sernsor base (13), the
upper end face of a sensor base (13) is pressed
through the nedi ation of a sensor base presser (22)
i nstal | ed above the sensor base (13), the upper end
faseof gridhinserisorhdlesand 13) is pressed through the
medi ation of a wiring substrate presser (23) and a
starken of divs tafereempntiarsat sef@) pars (1)hedifded thySsaidilalAasket
fluid supply equipment for which a thermal type nmass
7 dhemar dampedisis prevstded byanaking irditifyasTiths 8BhssPiale (13) high
used as clained in Caim1 wherein it is so nmade that
F0nieibe sfok-mbplioted oetayaskst SV pmthBREHnes WRstd Refsl gasket
of a sensor part (1) is nade to be 30-80u m25 [C alr%
@F) = providecsheipreeres sbpsembadeo( 13)Mf the ArdrBRReRlorda¥Rfass flow
mass flow rate sensor made of corrosion resistant
~ Tate aendos (63 énbertedchtd aRdnsertich abR df m@esrf&iet}neﬁti%‘iﬂd“body (1)
film(F) conprises an insulation film (5) formed on
A bedy (21)dandfa vk passhgec@Tbintbiifed ERaER BE Bottom face of
- .corrosion resistant netal substrate (2), a tenperature
a2 FégP-meptienndrirtertier bole, aad thet Rhwekithee 6Mhd SehR5Bie (13)
heater (4), and a protection film(6) to cover the
aAdle fuidsrpritacting 8)famedfithe semsalpaft (1 NdMa widflgad Bstthte (24)
A fluid supply equi prent for which a thermal type mass
anfody Wiing sdesiede predeeni{2@osrositon inksbat MBEARL Abld S the
used as clainmed in daiml wherein a body (21) is
afpsgdnedidned srnsoodesef(12), thesppeeehy ed bOWsEALS base (13) is

contr ol
pressed through the mediation of a sensor base presser (22) installed above the
sensor base (13), the upper end face of a sensor base (13} is pressed through

the mediation of a wiring substrate presser (23) and a wiring. substraie presser

{23) is thrust.

[Claim 2]
A fluid supply equipment for which a thermal type mass flow rate

sensor made of corrosion resistant metal is used as claimed in Claim 1 wherein
it is s0 made that thickness of the corrosion resistant metal substrate of a sensor

part (1) is made to be 30~80 1 m.
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[Claim 3]

A fluid supply equipment for which a thermal type mass flow rate
sensor made of corrosion resistant metal is used as claimed in Claim 1 wherein
a thin film (F) comprises an insuiation film (5) formed on the rear side of a fluid
contacting surface of a corrosion resist;ant metal substrate (2), a temperature
sensor (3) formed thereon, a metal film (M) to form a heater (4), and a protection

film (6) to cover thé insuiation film (5) and the metal fitm (M).

[Claim 4]

A fluid supply equipment for which a thermal type mass flow rate
sensor made of corrosion resistant metal is used as claimed in Claim 1 wherein
a body (21) is made to be tha body of a pressure type flow rate control

. apparalus,
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