SPECI FI CATI ON THERMAL TYPE MASS FLOW RATE SENSOR MADE
OF CORROSI ON RESI STANT METAL, AND FLUI D SUPPLY

EQUI PMENT USI NG 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 nade
thermal type mass fl SWBQHECSIISIY and a fluid supply
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and aV|ng excell'ent corrosion resistance
Uehh THOE SANHE Yy corrosive fluids, enabling to achieve

to make it particle-free and |eak-free. Background of

the Invention Conventionally, a capillary thermal type

ﬁéf{ﬂ@gﬁéﬁ@oﬁensor or a silicon-made
d thermal type mass flow rate sensor
by n@kkengressat oﬁvemnon iseerhiphey ade ool go et that abmaiss flow
wi dely used to sure a mass f]Jow rate of a liquid
rafe, the fed#f CAMPAIYI dE1% @R st{'lEhe]ﬁlF‘“caIW%Hal w%éconductor
m?ﬂﬁ&'@@ﬁr&%rfg&lﬂ%# gﬁd e hREMRLG @fthaaceei‘ﬂds%ﬂ resistant

erna e mass flow rate sensor characterized
mbt;alt hatdd hbesendotyrad Imass i flewgestec sanaot |argdf:acﬂra1d supply

nmade_ of stainless steel due to the structure, thus
deé’#‘a@ofqrnij’hﬁ%h EHRSRSOTIRETEBINE, ol WBSGR PlNtE ggS contacting

faééé“aqg fo‘}n?e%l 'B?aéd‘l"i‘sglo"i’f r&83Fant metals such as stainless steel

(SUS316L) 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
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However, the capillary thermal type mass flow rate
sensor is -1 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
probl em may be that the response speed of a mass fl ow
rate sensor beconmes slow due to the relatively |arge

f@ﬂir@@@@@eté@ﬁpﬁfadt\ﬁﬂh LCrdistaacy Wb oandhéer to be wound to
resistance wire for a heater. On the other hand, along

M4 B8 188N el BRMBALS icﬂu§f?1‘g09|p|trﬁgle e&ﬁ?@ﬁwwa@e’t unevenness

technol ogies in recent years, el opnent an

tili j I , or a silicon-nmade
ﬁﬁb?%ﬁgﬁgﬁﬁgéﬁ%é%gpﬁggﬁgS'type mass flow rate sensor

has been w del y .under I.t. has now beco popul ar
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the industrial fields such as an autonobile industr
BSOS UhBCPPRE SIBIOW G0 rPEs RIS darss Iheab Earageies of the
ultra-small -sized thermal type mass flow rate sensor
capilley trhad @hdcther eesisiwdiee @1rsi gl @ hgatatessi ng, thus
reduci ng the unevenness in property anong the ‘

pr oduns thandthehi learidig al treg extithenthley deasflopmsponge so—called
speed as a sensor by making heat capacities small by

aownsimhdigineal techhologié € hir eed@gandegsastiaxcéttelapment and
characteristics of the sensor. However, it is noted

tRakatiher R @l l%tttéf'?‘lraﬁ‘ PAR BN @ RetriokMed - sidd tidienal type

said silicon-made ultra-small-sized thermal type nass

FQW 18k Lrat8e0sQlor ﬁg?%e‘ﬁt Qﬁg%@hiflggég W I Ogl now become

resistance i's one t 'S nee e solve

HdE% s O 1 Top B eblsAP O TG Ml PET RSB ZEY industrial
ﬁgpc}sag&éﬁ]gsfa%cggforggﬁﬁg fir?ét%tr}? 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
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fundanmental difficulty is that it can be easily
corroded by fluids in a halogen -2 famly and the

i ke. Furthernore, organic materials such as an epoxy
resin, an O-ring and the |ike are used as sealing
materials for the mass flow rate sensor, thus making
the em ssion of particles and the occurrence of the
outsi de | eak unavoi dable. Accordingly, it becones

Bhal eridh@de ke, sensor is applied for the gas supply
line and the |ike in sem conductor nanufacturing

facil Ehl'ﬁ%rm%}ret I%?gﬁ P’fﬂ't@lela V@ﬁ RY3 51? e 39963@1% an O-ring

have been devel o ar to so ve di ties

?{4‘8 ﬁ%qﬁ{“' Pgﬁr%s O%%EP drﬁafgrﬁl@ fﬂmtlhl I?]'E_lég(%l()w ralte sensor,

e sensor aces.
th th T U KAL 540,
1o otrhins 285 1E MR oD 6yr b o Rt PR eaRE dhe oulside

er E6 on . the outerm)st l.ayer of a filmE formed on i
kq% YppEPIGate. of\qapEditeife 1D RRammes rigpabiesihgt todhe sensor is

substrate A as shown in Figure 18. Wth_ Figure 16,

@pplieth foridt gaasepply live andxhediieipesemicoridsciprmanugacturing
E, E4 a silicon nitride layer, E5 platinum and C a
faralitiesnnect | ng hardware. [Patent Literature 1 ]

TOKU- KAl No. 2001- 141540 Public Bulletin [Patent

Li t er At uhe s3md Okl Kdridlas 200Andié gkl hRublbeenBiktelopad so far

oj ect of the Invention Wth the silicon-nmade
td Sbdyes Wl 38 dheBsR b AW RIR B 8NRGn-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, E1~E3
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 No0.2001-141540 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 Sa layer
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illustrated in the afore-nentioned Figure 18, a
silicon nitride S4 layer -3 fornmed on the | ower face
side of a frame D and a heat resistance | ayer E6
conprising a silicon nitride layer to forma filmE
have been provided to enhance water resistance and
noi sture resi stance. However, it is far fromthe
fundamental solution for the problens such as the

Rl HEQBEQB%rCﬁEEOSﬁH@'bfad“ﬁ'atrﬁ@U hk€ dHeat f=dibRince layer Es
reason that the frane D itself Iis fornmed with a
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ore-nentione ens W th the conventiona
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d [ h I, I th It
a3 thow Raenignebr soliie 3 BharHiened %m%@”?oﬁ% as

partlcles t he occurrence of outside | eaks and t

3fioke - Bwmiisinedheorpsiaeandithn lifesiye & beagason that the frame D
ultra-small-sized thermal type mass flow rate sensor
itpeladeliformoadtwdh a silicon| sdxstoagerdsi on resistant. It is
a primary object of the present invention to provide
a corThsi pregeegi sivantioneialto npelee thernfate-tippationsd problems
flow rate sensor and a fluid supply device for which

whe theensWentbrRlplaellowtfgs sahkonsngh be GRbiachevenness in
ultra-small -sized and consistent products by making

M‘?ﬁ‘)e‘?fy Aintd 1 BRGALAR Hesnet @YL8Ed 4Rl tRC Bh&Yshdd8peed is low

excel ent corrosion resistance and the fast response

S Lo P SO TR R EERLTIATD v e

YL ROt NN L f—
er%\x//%?éeéj %1\;/}? gnselﬁgorll nm%léjial Iltlya 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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anong mass flow rate sensors manufactured, to enhance
corrosion -4 resistance and responsi veness, and
further to achieve to nmake it particle-free and

outsi de | eak-1ess by form ng two pieces of tenperature
detecting resistance, a heater, a lead wire to connect
el ements and the like required for a mass flow rate
sensor by using a thin filmbody on the substrate

ﬁ@%@ﬁaf’lt:et %ﬁdcqrersﬁéhgﬂreh%%bﬁﬁm fRiALr SHENa@Sieve to make it

stal nl ess steel and 'l ke: and manufactured tri al

f:ll]é 1 AW.r gt oﬁ?%lﬁgrhé%kl{ dl%%atﬂ;?frgﬁﬁﬁ“%r ese 1e£@§89tt8ﬁilperature

§s¢ I nventi on
een created bas on th re nentlo |

@%&cﬁﬂg iR Ee op Bl o fe=paorEe Tora TRl Efifehf¥ha dhe tike
inventjqQn as clained in daiml s funda taH
f@&%&qc{ Ipedt S fI0% Jate RENSHE P tH1& % gb.fﬂ%]afﬁpdx on the
conprising a corrosion resistant nmetal substrate 2
s teatermadeiafdhe qosrasieg fesidapematal sucl As stamlesiysteel and
heater 4 nmounted on the rear face side of the fluid
thenilest dimynenufacteref tribememisdloworto seororesinst et tests were

nmetal substrate 2. The present invention as clainmed in

@paiamne@ cactrimibagetioorCliad guild idea.so made that a sensor
base 13 equi pped with a sensor part 1, a fluid inlet

to meke fprigimtl | Biwdrtiord fHadi dheehl etrdaetmkBadédi dsn  the
flow out, and a body 21 equipped with a fluid passage

éf%??cﬁigﬂﬂmn%&ﬂt i Qay te)éj{d"’gtﬁg theyitd wid \}a‘%ﬁcﬁ.{s 188gs. a Thyi gresent

outl et are connect a strain applied to the said

sen ?85 tc%%,lgnr V&fglf C,fl ?{1/@1? ag.'gﬁlﬁ%ﬁgﬁ@%ﬁéé?mf& tH?ed that it is
%@Eé@g W{Pge déghgslé r%rﬁefrcg;or{qg}?g%gn%t c%preossigndrerg?st%lnt 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



The present invention as clained in Caim3 according

to daiml or -5 Caim2 is so made that a corrosion
resistant nmetal substrate 2 is formed wth thickness

of less than 150pm The present invention as clained

in CQaim4 according to daiml or Caim3is so nade

that a sensor base 13 equi pped with a sensor part 1
installed to secure herneticity and a corrosion

CReinSE d8tsoBiadle SHARS Eaf®sion absistast eresh hessesiccalikyormed
by wel di ng. The present invention as clainmed in Caim

RitACHRE I G ﬁplégsaﬂﬂﬁnlléolﬁna' m2, Caim3 or Claimé4

Is so nade that a thin Fis constituted with an

I nsul ’?béﬁﬂeﬁbhmrﬁf&&[ﬁgs o ih& [FalaikPg eac%%r&fﬁ% id 8idm 1 or

cont ac corrosion resistant

Chilor B s d e 'Serol wiathe ReradiBhelhF Rt 8 sErpepert !

fil to cover the insulation filmb5 andthe

intallad terﬁ@%‘feeg‘@ﬁ@e“ﬁxlﬁéfn%fﬂ A %f@?l&ﬂn@&lﬂ%ﬂéﬂ&?ﬁ?ﬁ gupstrate 2
so made that a corrosion resistant netal made thernal
agptasiased hegmatinadlysbnsoeldergi ned in either one or

more of Clains 1-5 inclusive is nounted on a fluid _
cont r'Sheepreseat dheektiohes tlewnedtie @pgpnopraetaidyngier{Claim 1,
fluids are controlled. In accordance with the present
Craen2, Ohima3 mesBlafrhoy &b ensbntgont 4 thinfHnuFastoonstitbyed with
appl yi ng m cro-machi ne technol ogies as in the case of

A en K OBMBAtHIRNE! fobhldConthrd@aklfhEa-cImhkl flgidzesht@@sisg face of
flow rate sensor, thus enabling to reduce the

leée\(:%?'ﬂ?sﬁén' Pe%%?zlr{tt Yn QAP B R 2dULt $ ot &im M to form a

mninum |I'n addition, the corrosion resistant netal

f’qilgﬁé[@gg%%ggﬁg% g uno ?f‘%’rr 4%8%5{:1%1%réu;%n eﬁ(BP@He%'tlon film 6

proce

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 controlied.

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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to make it a thin plate with thickness of 30-80pm by
el ectrolytic etching, -6 and a resistance wire and the
like are made to be thin filnms, to nake the heat
capacity of the sensor part extrenely small, thus

i ncreasing the response speed of the sensor

remar kably. Furthernore, all the gas contacting faces
are constituted of a corrosion resistant netal, and a

a'%?(?‘%ofes‘?@ah angi W%Hé lﬂésgr@h?ad@%%@bﬁﬁg flﬂ)‘ns to make the

i ng, a metal gasket sealing is enployed to

acﬁﬁ;n ga%1Y9| ﬁtﬂg dy. 204 ?H?t | ?ﬁ?em&ﬂ“%n?ﬂ?bltﬁlé’@ éﬁgreadsmg the

e I't corrosion- article

de- | - f De f he Dr
%8&3&1&%5%?6%0{)&% SERRELETRRrbBl of The censor bact

of a 0si on tant nmetal nade ther mal type SS

flow ‘é‘f CERIYSBr aj églﬁdlgﬁé £entadingy faseht 2k %V%ﬂﬁtgﬁwd of a
Figure 2 is_a cross-sectional schematic view taken

temesiumA resistAngunetal, Fdu eeBsos BArtedPrladassngor base are
drawi ng of the operating principle of a corrosion
resinsbladt bywsreldinmdmnd henetill gappet sasbng lispwmploged to mount a

sensor according to the present invention. Figure 4

vsivertpldnatdtlye Hkenimgsewdblithetomachibaettorhake pr omession—free,
of a sensor part, where (a) is a preparation process

Phrtihe-BUS3et ovediae ~1ddR-frés a formation process of

an insulation filmb5, (c) |saformat|on process of a

]@Ple?t]jégcr’ét 4! ()?tH@tIﬁJav&tth , (d) is a formation
Im®6, (e) is a formation

pr ocel§lsgu(izfe AR ¢ El%hr&q{ee&gt?g iR NAlE sénsdd %af"tsof'iﬁ 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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etching process on the rear side of the SUS316L wafer,
and (g) is a -7 separation etching process on the
sensor part. Figure 5 is a sectional schematic viewto
illustrate an exanple of a corrosion resistant netal
made thermal type mass flow rate sensor. Figure 6
illustrates a photo-mask pattern to be used for
nanufacturing a sensor part, and shows a state of a

rﬁﬁ%h él%&h?gr rof&dNGn MEdeRisdr pairglure 7 illustrates

oto mask pattern to be used for nmanufacturing a

Sensolﬁlgg{fl%cg lsagdsesc% .Vgpﬁ niﬁlc;l@?e%ft(?rll 1186208 98eSeathBle of a

Fi gure rates a phot o- mask

attern to.be sedfor nufact rin n r
G aoS Ik SR T IEe R g ST ?ﬂ&alpfy&cee%ﬁ%ﬁf? \Bitgir et &SOY
(e). Figure ustrates phot o ternt
used ‘&urermﬁ?uf Li&tﬁﬁ‘qeﬁg B Qéﬁg%rmﬁgg aﬁ?ﬁfnshr&\s V\/haﬂsed for
is used for the process in _ Figure 4 (f). Fi gure 10
MRRUEAQLATISE 8 HEeriagr Bod, Gosr SEABSSa| Falheo ledahite THAsk pattern
el ectrolytic etching is perforned to the SUS316L- made
selngteedréaidFi gure 11 is a partially enlarged view of
an electrolytic etching part Qin Figure 7. Figure 12

i s a Biggnal Wetlbodtioesci 4 cphbtoimgshmettanmass beowsed for
rate sensor according to the present invention.

Rk EULR thBinkSa & cHsadrpHrt ! Ondl| JHest ¢ afteatviar uoeié for the process in
characteristics of a
Figure 4 (c).

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
manufaciuring a sensor part, and shows what is used for the process in
Figure 4 ().

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 in 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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sensor part according to the present invention, where
(a) shows the -8 rel ationship between the heat
tenperature and the resistance val ue of the
tenperature detecting resistance, (b) shows the

rel ati onship between the heat current and the

resi stance value of the tenperature detecting

resi stance, and (c) shows the relationship between the

19a8tibh MIpr 15 vl thd RBas ENBAEr MulBUind fHegre Astbthcesvalue of the
diagramto illustrate an exanple of the flow rate

{eﬁﬂérl%ﬁ%&{a%%?ﬁgﬁé E?Efs@énég, @) ERsvd LOWrEBRR E8NS Petween the

acco esent i1 nvention. Figure 15 is a

Ii%eés:tt i%;gﬁ@gént\é ira}ﬁ tntg-eio:‘rlegissttrlgéee f?‘%\&lﬁ?a?};kﬁe o{elﬁﬂ;&‘ature detecting

e sensor™ accor di ng
to.the present .invention.  Figure 16.is a sectional
06T PROSE? SO Tho OT R CSEpI T R P cagtaray rate and
drawi ng of a mass flow rate sensor according to the
ihee8RIMEOr PWPEHt i on. Figure 17 is a sectional viewto

illustrate another exanple of the assenbly draw ng of
a i nvBitirenl4 s gudiegcomy éntilloparte senszamplg ¢k the flow rate

response characteristics of a mass flow rate sensor according to the
present invention.

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
invention.

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

List of Reference Characters and Numerals

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

M a metal film



mass flow rate sensor sectional viewto according to
the present illustrate an outline of the silicon-nmade
ultra-small-sized thernmal type nass flow rate List of
Ref erence Characters and Nunerals S a corrosion
resistant nmetal made mass flow rate sensor F a thin
filmMa netal film-9 Wa corrosion resistant netal
material G a gas to be neasured 1 a sensor part 2 a

cor r o 0f d&%@ﬁbﬁ%sﬁhﬁt nsstastiAbeial 3 @ tenperature
sensor 3a, tenperature detecting resistances 4 a

heat 5 Im 6 a protection film7 an
el ecte(?o eggﬁstgr i on al%ﬂréa8 a comnbi ned phot o- mask

patt e{ n a sensor part

2 a corrosion resistant metal substrate

3 a temperature sensor

3a, 3b temperature detecting resistances

4 a heater

5 an insulation film

6 a protection film

7 an electrode insertion hole

8 a combined photo—mask pattern

9 aphoto-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

1la 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)
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9 a photo-mask pattern to forma tenperature detecting
resi stance and a heater 10 a photo-nask pattern to
forma lead hole 11 a photo-nask pattern (a resi st
pattern) for etching the rear face side 1la 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 adjustnent circuit

(for itthen cARIS R AL UeEMENut RfNtIRE fisetadidbunbapnt
circuit (for the fine adjustnent) 17 a gain adjustnent

cir CLﬂﬁa%ﬁf éﬁ]ﬁlsq;ﬁgﬂ?Eﬁlclﬂlftefogﬁh@cf&hﬂ:%rﬁﬁﬁjesd@t%%ﬁng%s?stance
anplitylng 9 I

di fferentia circuit 19 an output termna

20 |01 N 21 224 b 23
2w iy BB e B AR g Sttt rate.

25, ZGlgggh%eutB{l{]?em%%a? nmet al gasket 28 a rubber sheet

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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29 a lead pin 30 a lead wire (a gold wire) 31 a body
32 a pressure detector 33 a control valve 34 a

pi ezo-el ectric valve driving device 35 an orifice 36
afilter -11 Best Mbde of Carrying Qut the Invention
The enbodi nent in accordance with the present
invention is described hereunder with reference to
the drawings. Figure 1 is a plan schematic view of the

BENSAL IR cér%hgf@ﬁﬁh%mnv%%ﬁti al part of a
corrosion resistant netal mmade ermal type mass flow
rzat © ’Pﬁé‘s%b%‘%ﬁ&r g't nth té’c&ﬂﬁaHE@S%HEh ' ﬂu\éefBﬂe%%nt Fi rﬁ}éfn%on is

cross-sect’i onal ematic view taken on

fﬁﬁca;f’qsfé;b&;“eé@}diqfa%ﬂ%&?s?e&ieﬂ SEheREhyhy ﬁ"FL'SEFZt .
I'e'n{.f‘ gplir & Sotden e AR S5 o G RERObAC nd Whidh is an

pper. face of the insulation film5, and a protection

qeseRils] Parhef aciprraslonpiRsisEAS e ¢l mare tharmprl Gig wass flow
sensor 3, a heater and the like. That is, the part )
nabé clsensor mecchislisgngor thar tPresent t Hwasbkaosi odigure 2 s a
resistant netal material Wwith thickness of 120-
ck8@prséciivna ddrtmitsividéantkental linabstAaifelZuresl.nade

to be a thin plate with thickness of approxinately

30- - 80Hd Myaids sdas6F i pod 1 comprises a thin heat resistant metal
substrate 2, an insulation film 5 formed on the upper face of the substrate
2, a temperature sensor 3 and a heater 4 formed on the upper face of the
insulation film 5, and a protection film 6 formed on the upper faces of the
temperature sensor 3, a heater 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 1s

formed on the afore-mentioned protection film by the etching processing.
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| ater, by renoving a part of the rear face side of the
material Wby the nethod of an electrolytic etching
processing. Athin filmF is formed on the upper face
side of the heat resistant netal substrate 2 with an
insulation film5, a netal filmMwhich forns a
tenperature sensor 3, a heater 4, and an electric
conductive lead part (not illustrated), and a

pr ot echi Ny fddsG6i0 Bar HRAEIPEE f1ARs ¢hagbr @eectipaesft tih arrow
hole 7with an appropriate size is formed on the

ALR %hé‘%%‘rf&él%% i%%ﬁétﬁﬁf hfériggéu tPé(%et D& el (face side of the

pro essin e neasure [ ows

the dire t ow __al S

S oy I8 08, P ALl g s
the sensor art 1. When this

%&@Saﬁamw@tq e a%mé!%ls%%é@g@ %Wéuggﬁtaﬁ%z Ufus resuting
.ccorrosion resistant _netal , substrate 2, thus resulting

infhehthe tamepeeayee distrdudion [f phthekent resistant Hekl Shbstrate
resi stant netal substrate 2 shifts fromthe

2 ehifty from ehelitempiepatiirerdisoikbuiere Tichwhere shaee £ s fbgw of the
the gas Gto the tenperature distribution Tt as shown

das Gitguite Gmpsraaen dadtoireiticchdngesshiown e Fignpedat ur e
distribution of a corrosion resistant netal substrate

2 causedsbynt Beote owlehgeke igathds rigpepitesentisdribation of a
changes in the voltage values at the both ends of the

dRPPSHAL Hfﬁst%%ﬁ; 8kLiAN %ub%ﬁ*a% ANELIs AR hyHhet NHAUEN R %as G are
nmedi ati on of changes 1n the resistance values of t

rg%ﬁf W cqll%tng%g' P the° & L3 tﬁﬁge§aﬁ% 3P NNt A8k Bof the

erature sen mass ow rate of

tg%t}qegagg anql%tggf%%m%sti) -a%?ég gjll’?t |%§| ‘&15%'{1%’1& ?l'rl]g fite dla‘u‘bﬂ%f 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 output.

The above stated operating principle of a thermal type mass flow
rate sensor is 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
um 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
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The above stated operating principle of a thermal type
mass flow rate sensor is identical with that of a
publicly known silicon-made thermal type nass flow
rate sensor. Therefore, the explanation in detail is
omtted here. Referring to Figure 1 and Figure 2, a

| ess -than- approximately- 150 pmthick thin-plate
-shaped netal plate having corrosion resistance is

pIRet (S1S9B1 61) fvflkh @hieRhESS 0PN 160aHBIantedret al materi al
Wwhich forns the afore-nentioned sensor part 1. Wth

t he eﬁ}?@%&?@%qc Strak B ESfor Rkt 1'(% tHY 84idt éc§9§§?€§i—1}e31stant

vvlth ness o 150pm I's used. The part which forns

g?ﬁ‘ T4 er&?wh&} ? ti1 gotsr%s‘?oﬁ: %&g%r&r}n%].eaﬁ's%togﬂlqte '?Eé:ﬂ(:lrcled

S, a corrosion resis

substr nci rcI d, by a dotte ne)

5o & ot T TaR whedi g é%&@&&?ﬁﬁbﬁég iR agotessing as
ég?ﬁlglb@gmg%' 2}33? f&gnta@]lél lge@la gﬂ?ge}rttaqaqg'gg{?r)r(llamy%d/ ~60um thick.
afore-nentioned insulation film5 is an oxidized film

wi t h Ahidsarathedflater2pinel agpra froendane) mpeladprdied is an
CvD nethod. Wth the enbodiment, a 1.5pmthick Si Q2
dstitimeflofi he aivity thibkn&vDof (chent-dauidpomeddposhe sonpalled CVD
method is used for the insulation filmb5. The

aé et "eNtthomedehbopanah iy el dahetiickh $iOefilst farardBbankde CVD
heater 4 are made froma netal film M forned by using

(CheniBskyRabt BdpdsPion Nethb @' 1AEE fBeNELInsHEAtion film 5.
illustrated) on the afore-nentioned insulation film5.

WL e o£5R0%h BB fbned (LIRS AR ILLAE B  ance 3 and heater

resit s ater 4 are nade rroma

é{rﬁf’% ll%%ies @q'\ﬂnflag;nrf%% Eé—‘f (E:o/gg):)e/edc@yfd 113% (tl\g@etrﬁask pattern for the
flloa\;fn rrell?é %gnlsgr %gtelrllus){rateg) 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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vapor deposition nethod. The afore-nentioned
protection filme6 is a film body covering the upper
part of a tenperature detecting resistance 3, a heater
4 and the like. Wth the enbodi nent, the 0.4-0.7pm
thick SiQ2 filmformed by the CvD nethod is used. The
said protection film®6 is provided with an el ectrode
insertion hole 7 suitably shaped by the plasm

et chi PHe FRLRGdee tddAW BYfrcdion ek &ictdRd@ et Ads @t ritee? which
i ke through the said electrode insertion hole 7 -14

f-BlPElSr f@énégpaﬁﬁ' ﬂ?s ﬁfus‘%e@%ftﬂsthi’crkr{e%%' c?ft??(ﬁ‘LE%QF 3&8DD1Y1ng an

trate ornms a sensor part 1 1s

Eﬂ’og Skn?csrrgi f gotl%esofcgllr%&o%p}é&&%n?n e{tantmatef'rl?l W as

FEct ytlc corrosion resis
descrlbed later. A sensor part 1 is

(gater] ' W as
%} Separated froma corrosion resistant netal

materjial Wby the nethod of a so-calle
t hr oUHRGISOR| RRY pk bt EYSNRILY ASPARAES o Pag@irosiaferesistant
separated sensor part 1 is hernetically fixed to a

wetalgsatnialedibnt e medhed ofwaso Teadled dreusbnstrhipggwocessing.
13 by the laser welding or the like, to constitute a
Aordecsiibed Bsest thet sepdratedeseasohearall ist ypenetsslly lfowd to a
rate sensor S according to the present invention.

MNexbsidrhecgRpatitaeidtal ngadadlowr kitegspnosedsisef 18hey the laser
af ore-nmenti oned sensor part 1 is described. Figure 4

\h Bl FRHANALOtH M tDiGe Af cdrP8s RN ASaNE InfdaP hOLRS thermal
sensor part 1 according to the present

ﬂ(@‘é‘é@%gg?loﬁ Iy é seflsSt 3 ;{E&ﬁﬁmﬁ ESnaBdEsEAN Mvindfon.

) Wmth appropriate
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 130~180pm 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 Si0O2 film (an insulation film) 5 with thickness of
approximately 1,5um is formed on the outer rear face of the
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di mensi ons, for exanple, of the dianmeter of 70mm 4
--150mm 4) , the thickness of 130'-1801limis prepared
for a corrosion resistant netal material W(Figure
4(a)). There is no need to say that a thin netal plate
(for exanple, an austenitic steel plate nade of a
Cr-N alloy) other than the thin stainless steel

pl ate can be enployed for the corrosion resistant

?Blltéalmgﬁtlgﬁhélﬁ WinlEReN st Skl ihim (R é "Gﬁé‘f’@ihh%r called a

ness of approxi mate .511mis

on t out of t

Sﬁfﬁ% %rd sl% i n?r% lgﬁﬁge b Eﬁaﬁrﬁé CV dev1ce (the

her ei p ter US31 i ng, a
HASbAare @ﬁ&%@a@ew% BPAE e BRn &eﬁyee&tgt?% & Waigs, TEOS
Deposi tion Deyice) .for Ch T
(Teitadithergylaup u%)—‘sﬁg %ﬁre 4(b)). And,
there are formed patterns of tenperature detectlng
resi firhdhsre 3a¢e fopned nagtarap ozf tamparabune fRiohide Tesirances
a netal filmMfornmed by a C/Pt/Cr film(wth
Jahi 3k nesseaner ¥0/aha0tHeOliken mesipetitdmed yetay fdnpMylionged by a

an el ectroni c beam heating type vapor deposition

OEPL/Cr and (RHET ehidRskss RAL TE10S/ 0l tsdpeatie@ly nby employing
Figure 7 on the afore-nentioned SiQ2 film (Figure

A &De)ctrcﬁhe WeRir® h'elaltt st f,¥eesaporPNeh OsitReKdSrkkesit Bhbfo-mask
a state of a photo-nask pattern bei ng conmbi ned with

t@ﬁ% Hﬁ%‘ffi’t@%}tﬁrﬁ 1Pe t’?o%n éH% @f@fb%@ﬁ’él[)ﬁgﬁ 8102 f%lm (Figure

I nser eSCI‘I ater. Then,

AR OFESL N Do I ehess %ftarap%r 1 TEAEE o o

resi stance and t he heater whi.ch fo

pth@ﬁ% }zag%ﬂ%ﬁ)bglrf%lcﬁggmpﬁdtwgh a photo— ma apattern 10 to

form an electrode insertion hole 7 as described later.

Then, a SiO2 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 200pm (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 CF4 gas is
used (Figure 4{e)).
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process of the afore-nmentioned Figure 4(c) by

enpl oying a plasma CvD for which the afore-nentioned
TESO is used (Figure 4(d)). After that, there is nade
a hole with a bore of 200pm (an el ectrode insertion
hole 7) to draw out an el ectrode on the

af ore-nentioned protection filme6 for a tenperature
detecting resistance 3 and a heater 4 by enploying a

phot i@k Rt FeishrlChiothOIVIP16L aehfQds hNGETE haRe a high
hole illustrated in Figure 8 with a plasma etching

tHEMLARel 5 WRishih Cﬁﬁ gas @B, di T Glahen (ig%g)roagil@ss stops

e to the Feason that the SUS316L materi a

hay - hibgh _toleran S - t
Al L e BLDTEToh o BRI AT F R giRF 6.  Mherefore,
onpl.etion of. the etchijng of a § 2 film®6. Therefore,
{FiRER &S g e rot s Aletho ey feuthtier et ohi ng. - Upon
conpl etion of the afore-nentioned, processes on the top
face [?B(Pﬂ sopghledengd hesa rﬁﬁfﬂ%ﬁ%ﬂﬁﬁf%@@%ﬁes\m {he top face
SUS316L wafer), a resist pattern is forned on the i
afearcorsesiosi thsisintgnatyhoatemals ¥ pa SUSIWOL wafer), a resist
illustrated in Figure 9, and an etching processing is
petdror iredoonet hen tharredrafazessitie obirtghe phoer-imbaskivastern 11
make the thickness becone approximately 50pm by an

igliseghtad i Feg@tech) mgd Gh eiehtngd bfddesstnPas pekHansddwn the rear
in Figure 4(f) is a groove part to separate the

888598 RAT thelnfak &Tat e td8h sk dhe Whickd skShécdifk pproximately
substrate part made thin by the etching processing.

T T T P

on th& Igaer rlfag%%o%;nd?n q;ig{lpee 4(f) is a 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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corrosion resistant nmetal substrate 2 whereon the
afore-nmentioned filns were forned and the thin
substrate part 11b on the rear face side. And then,
the thin substrate part 1lb (with thickness of
approximately 50pm) of the groove part Ilais
penetrated circularly by applying an etching
treatment with ferric chloride solution (Feds -

HWOW baSet N8t fbHBedelsOhe RAhbe lshswseRAr BifHef BOMind fixed
the material W After renoving the resists 12a and

e ALl B Sr TSty taﬁéfﬁet*&i?%s&g?%%@ﬁé%“mm
17 sensor base 13 in the sh

e IS N %aeSIﬁg%fﬁeWef% PPHBC R ERE (Y08 P8 flow rate

13 b éiaser | ding on the outer &%& heral P

AT > A6FPUEPE O ES) NiSHvD! AR SRR 8 I EPRA “{atﬁﬂe

mass flow rate sensor S according to the present

i nventVitbntireieighivensrotarses. SWHR ltnhéhfétaéﬁr%gmentmed Figure

processes shown in the afore-nentioned Figure A4(f a

),
4f xedmet disbbriot of Hee sulffiticiasidand raathytedegholdp aisesl for the
is used for the electrolytic solution, and a photo

dglesirslytis sudedoth oand e phatk rastseris alsetcbforetlmeh mdsk material to
specified parts on the rear face side of the materi al

aéhTthe geaifiengssPbntine feerrfatacedafdfaheanaterial W.
el ectrolytic etching was perfornmed on the

af or eFAE NUJ20EHe U3 1Gle- F@eﬂﬁfﬁd@%ﬁ%@t £n %Iéétrfjgﬁtiﬂg etfhing was

esstanRaOlpmas vvnlnFlgurel

q@‘i‘bﬁ%ﬁéﬁ%}& 1‘&8& E}%rﬁi%rgeacﬁgpgc o &Y@ Eyﬁ}gﬁ%ké‘ 9-is found to

foun e 8
T R
ecﬁg%saﬁgllggalpg\rreter Ier%chlhneg.gas piping system for the
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 @ 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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sem conductor process is needed to be particle-free

and corrosion-free. A part Qin Figure 10 shows the

af ore-nmentioned 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 nass flow rate sensor according to the
present invention shown in the afore-nentioned Figure
cBardD8dRAGest OB anleifRet hafustingCiik-éui OfRTd 88 adjustment) 16,
sensor part 1, a heater driving circuit 14, an offset

ag%jagﬂd.scgtgsﬁfaé Clirkuf 85 & te e‘f'gﬁlr%?d%%é‘ﬁﬁgefgs)istt]a@ce 17, a

adjusting circuit (for a fine adjustnent)

-gai.n j:Usti-ng -CiqlCU 8, t r
il Pelrlig B TR bRl IRR I 12, 3a and 3b
circuit 18 and the like. Wth Figure 12, 3a.and 3b .
ol GRS R UL B B PP s PR s a4 B 6P pimar
output termnal. Referring to Figure 12, a seHsog garth
1 i s Nedardagviseiiguscderd SERPOY Mrkik dpiheatgdsyhpisa heater
operati ng. Resistance val ues change with the )
drenperatounié bhaiges operdiengpskesiahnialealegipahangeewith the
detecting resistance 3a and the downstream side _
ttemeeatrer ecloetgct | 0y thesi spammeem 3bidshi thmperaturée detecting
tenperature sensor 3 of the sensor part 1 when the gas

r&sistaie: Reasnd ¢de fdovmastrbaoughle Tmpehdangesicaeeting resistance
inputted as the changes in the output voltage to the

W Fheeindih @ Pk b g eCdr@dirt3 48thd BeAs@hphRe] gftidh the gas
adjusting circuit 17. The output difference between

18,25 R, YRR, | ISRl T e
chERREE AN B BliRNPIALE & WL CefREFial MinBRARRE circuir 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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according to the present invention is nade to be a
thin filmby 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
tenperature detecting resistances 3a,3b of the
tenperature sensor 3 mght change. For this reason, in

&eh@cﬁﬁg g&réd%c@&dtﬁ%g% tﬁ@%kéﬁ@rﬁtm%hﬂgﬁ Gii§ GBidodsSituted that

en'p oye there I's caused a problemthat the output of

e>FaRA 419 11fl&ﬂﬂﬂge %&hv%ﬂ%,ggc‘%rgi%e%{‘ccﬂ%tﬁﬁtted from the

I on. wever, a si
i vent

CIrCUIt cor di to th resent

L@&ﬁ%ﬂ?ﬁw@a (et (R ash e st aRtoHIS g fmstream
| tage val ues outputted fromt upstream sid

o Gie q@éﬂ%é@&@&ﬂ@ r@§18§%@€c5%3af§ﬁad?lﬁ%m§%%§%ﬂdé%ﬁed by

side tenperature detecting resistance 3b are

thadefeatadingtingjusewd by anfethsf ireut Hajuest tagthe differential

circuit 15, and the input values to the differentia

mmmﬁhﬁygngrcmmch$taﬁﬁfaﬂ@eruﬁnheadmmnaddwrJQEedﬁbytuhbusung

of fset adjusting circuit 16. Therefore, the changes

dircdihd Gout Ptrefol¢ agee wilangesoifh the outpapenitageevalues of the
detecting resistances 3a, 3b caused by application of

teRfeFasurePieaITg Addstares! I 8BYatifed 89 MsilRMorobf the gas
the anplification rates. As the result, the output

[TR_BgRS 48 ctaH@eﬁgﬂw t}féa?&]dstﬁl%ﬁ% ed tg¥ atnﬁﬁhfug on rates.

pressure can be conpl etely suppresse us al | ow ng

the dj?é ??é 5§§ul?f @yt Qﬁtp’{R a%tlgg\él JrAHE. é’gx{s%rtp{}ﬁt IT &;hsed by the

degree |gure i'sTa di‘agram
|lustrate the characteristics of
éﬁéné‘f&ﬁsgr%&@s ParRiS e Shpatatied sDuS At hE i tection of
rel ationshi p bet vveen t he tenperatures
taff raaﬁ%ékoév rateaWdth Hie higl) degrreof 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 detecting resistances
3a,3b were 2.0kQ (both carrying the same values). The heater 4 was fed
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val ues. Figure 13(b) shows the rel ationship between
the current values of a heater | and the resistance
val ues, and Figure 13(c) shows the relationship
between the gas flow rate (SCCM and the detection

out put values M The resistance value of the heater 4
of a sensor part | used for the neasurenent of
various characteristics in Figure 13 was approxi nately

withkQeand it g T@8IAS Lakce cvRligsr Bfird ﬂ@té&mﬂ@fééﬂéhﬁlces 3a,3b
detecting resistances 3a,3b were 2.0kg~ (both

&@f{]YéH‘QNﬁH% éﬁr}gnygkqegm The heater 4 was fed -20

a current and the tenperature detecting

resi shances, daSthopers d el ui bh GH ranhaof i %,E“range of

V\hen gas W rate was nade change
echa.ng in the out al ue_ of

ShAdSCRAT e ehegd o Tty fa%\ﬁp@ﬁéis $Eper bAft 1 was
out put val ue anplified by 500t|masb
apfserimetly I atRofe opReRiorAl et WonAEP! bffefF By 300 times by
sensor part 1 depends on the interstice (a flow
thes@Bgamplfight ) bet ween the sensor base 13 of a mass
flow rate sensor S and the fluid passage as shown in

Fi gurleurtBetmobe, tldesatpitedaluat @f theThenebiopert ihdepends on the
possi bl e neasuring range of the flowrate can be

iapaTseikl af ey phasaes hbyglad|mtidgea the sahoseharatidoéd mass
flowrate height. Figureld4 illustrate an exanpl e of

Ahe FARVSERES SPARACIHRY fRlH GPas@higbhgs JMSen fihoMigigbels to be
sensor S according to the present invention, and al so

%éaééﬂﬁé(ﬁfa%é éh?hEP@{o%t Bld 5b5&B1d Hleté“s%rﬁ:‘éelfﬁngté“éf tH flow rate

S oW ra

can be appropriately changed by adjusting the afore—mentioned flow rate
height.

Figurel14 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 5 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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0-100SCCM Wth Figure 14, the curve SA illustrates
the flowrate response characteristics of the nass
flow rate sensor S according to the present

i nvention, and a graduation on the |ateral axis

i ndi cates 500nmsec. The curve SF illustrates the flow
rate response characteristics of the mass flow rate
sensor with the conventional pressure type flow rate

iRt O, HQYaEk® UNGeFatbhe: salte ¢ endlinid NHowhrer €erddor S being
illustrates an exanple of the fluid supplying device

fﬁﬁ}eﬂ RPeck %M f%rf@gsmﬁluﬁ%d' %Gm%e@és%ﬁ uaagiaf oneinngidige 15, 21

pr esent I nvention, and al so ates a

G‘?}%@neatgsty% @536 t1'18‘3f 'Balste?ﬁorZZSabgéﬁ'&)r Bb§€vd;%11ﬁ%ser, 23 a

ornt” pa é gas assage

F re desi gpates..a bod oi_nt ., part .

3‘5% %@é&@t%%eess&reg% vl hatiathy 28l el Bm 22 guide

24 a wri rate, de pi N .

p@@. i dea hetal g@ﬁk&tnﬁ & rtggv@feﬁhe%gg af%aﬁlel?m ﬁe@t Padea wire
| ead pin, and 30 a lead wire (a gold wire). The
(afesd@visel.i oned gui de pins 26,27 are used for the
positioning at the tinme when a mass flow rate sensor
S i STHié ef@e-imentiando eyidkd pinkh6, Spaceused feetha hesitioning at

sensor base 13 and the body 21 is hernetically secured

thy tifhe whkal a gaskellodv rafdeemgss I lioditted éntef athedwdsl. The
Gflowed in through a fluid inlet 2la is detected by

sbﬁ@e%%@%%n%%tséls\ﬁﬂ?'ﬂa%etf@aﬁé&h@ﬂcﬁiy@ﬁ% AgrmBEieddh secured
the inside of the flow passage 21b, and the gas G

AR RRE e L L, o
Meas l”ﬁ‘l‘?edngs%%ow ra?e olf‘%he gas G flowed in through a fluid inlet 21a 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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gas Gis brought into contact with the SUS316L- nade
substrate 2. Therefore, unlike the case with the
conventional silicon-mde 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
assenbled into the main body part of the pressure

type ik Qv riat ‘?ll&é%?&(é%' a08Mis§ oW P:i"te':bgﬂé& ]56ac§ordmg to the
desi gnates a nass ow rate sensor, 31 a body, 32

r or, 0 ol

ESAE PRt Oin A ool a3 ﬁéﬁ*?. cds altered
ilter 17|IIu r at.e ss flow

%@%@'e%s%suée &Jc@rﬂﬂt%ﬁgtgpéa{lﬂédem e Fon

V\her%hthe asserrbln ositjon *s altee \ d

Ther éonw@m@sw e EBdieahineallpy W%rﬁq%@ ii%me and its

Figure 16. The constitutions of a pressure type f

mpaine abhpaisl argubdiclwkaoms lorHisianeryPpBaterddo. E2R) 161, the

publicly known, for instance, by Patent No. 3291161,

TR U-TOKU-HAl Negl 113450234600 thealilet hd Herkéore, the explanation

Therefore, the explanation is omtted herewth.

iEfoheictes! bérdwghl) nventi on According to the present

invention, a substrate 2 to formthe gas contacting

Brasds o tHBveesicst ance type mass flow rate sensor is
made from a corrosion resistant material, and it is

SO qu(@édé’td%%‘%tttﬁ%t pP@é&?ﬁrlﬁRf%hﬁond%t §ﬁlt)ét'i‘5té @Stétféﬂﬁeﬁle gas

3a,3b a eat er are forned to be thin-film

%&%&ﬁ%gﬁﬁe?ﬁ{he@e%@ta%gwgsI S?&f,‘ﬂ%vo?é ensor is made from

€ corrosion ance o
nce and, at t

%EB{“%}%Q D%EEL%%%?P?@s@n flttlﬁe$0 COI’ISIEI%UéeadT%hat gemperature
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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product characteristics, better response speed by
decreasing the thernmal 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 sem conductor

manuf acturing facilities but also with chem cal
plant-related facilities. -23 Scope of Cdaiml. A
corrosion resistant netal nmade thermal type nmass flow
rate sensor characterized by bei.ng equi pped with a
sensor part (1) conpri SiR§eLt @é‘r”ffb& on resisting

1 ”?\ Bhridhsh TAE R th A P%}gl %aé&‘é tha e fR5GL V@ra‘%ehgensor

enperature sensor a hea mount e

cheﬁafctéﬁzed shelebeifig ¢daigpad dvml@naasﬁnm parf 4t COﬁ‘n}blhelng a
said corrosion resistant netal substrate (2).
CoIEPSIes GRSistlS taskel nebstrated2i marded WyRel séF f fqmlmg a

te&%égrastﬁ?é Qsens%f {gi) ghgeg heaéeg &} rpﬁlg)%]ﬁltgatd}F fnh& QQH 'fszsée')" fide of

énsor ~bas I ppeé Sensor par

thdeﬂ@Id agbrithetiegn, SL&fzﬁd:eu of itheetsdiar cortogdsnf reviseant metal
a f|UId outlet for fluids flowi ng out, a body, and
Slabﬁéﬂ‘éﬂ (Yasket (27) fastened to the sensor base (13)

N E:Sh%sﬁgﬁ rgg %Bfaﬁp rl%%ﬂai %‘cﬁ%g? thgﬂna@ %gﬁ@qgags? ?1'5%9 ra%%sensor

communt Ca connec

aff cliighddigtCRAS Tl lfuﬁtlﬁkﬁ b@ﬁa;ﬁiﬁnﬁtﬁ&eﬁs@ﬂﬁa@ﬂ (13) écﬁl@lpped
sensor part (1) when f ast eni ng the petal gasket

thbl thee ssepeppashét) (ngplled theappnesgsibdidinlgt Jor ﬂ’lﬂﬂés%, sﬂowmg
s R ebte o G GEFRR R G d B RERRE b, plaf belEe 27)
fa’é@ér\!@?rtot flee SonwRT bhase(13)3whandid fBebBOily comprises a flow
passage formed therein for communicating between, and connecting
the fluid inlet and fluid outlet and strain applied to the sensor part (1)
when fastening the metal gasket (27) to the sensor base (13) 1is
suppressed by a stiffness of material of the sensor base (13) against
which the metal gasket (27) fastens to secure hermeticity between the
sensor base (13) and the body.

3. A corrosion resistant metal made thermal type mass flow rate sensor
as claimed in Claim 1 or Claim 2 wherein a corrosion resistant metal
substrate (2} is formed with thickness of less than 150pm.

4. A corrosion resistant metal made thermal type mass flow rate sensor
as claimed in Claim 1 or Claim 3 wherein a sensor base (13) equipped
with a sensor part (1) installed to secure hermeticity and a corrosion
resistant metal substrate (2) are fastened hermetically by welding.

5. A corrosion resistant metal made thermal type mass flow rate sensor
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3. Acorrosion resistant netal nmade thermal type nass
flowrate sensor as clainmed in CCaiml or Claim?2

wherein a corrosion resistant netal substrate (2) is
formed with thickness of less than 150m 4. A

corrosion resistant netal nmade thermal type mass fl ow
rate sensor as clainmed in CCaiml or Caim3 wherein
a sensor base (13) equipped wth a sensor part (1)

as oktiadddn tQlasec by €lhenrdt Chitty 3aad Glavor4 ogherein a thin film

(G e e oy e gttt oih i (oE Fyhed.qn thg, rear face of
tHEhald @Bﬂ%aé@ﬁg TRke LY RBe@TSodibA dM @ it anseAl suBs@ate (2), a
claimed in darml1l, Caim?2, daim3 or aim4

mehelr Blm M)t to forfrh| antePeraacossnsemu{Hoahg abhdater (4) formed
' | at i il 5) f d th f .t
HAT 2000 AL % R EREBRORTEHE) CBrReOET g BOLRUAP. HERdP) and
t}%'lﬁﬁittéfl{i%l((@a a nmetal film(M to forma tenperature
a

sensor a heater (4) fornmed thereupon, and a
6 praotiedtl snpply deticr wheeavea ddreosinautestistmmtf metal Hade flow

d the netal fil . 6. Afluid ly.devi
ra%{geﬁ@ﬂﬁragﬁmsgwﬁ ch?@ir%?%zer%iﬁlén aﬁﬁﬁ%@%ﬂ%@vflefszﬁt@nt metal
m%%?’ﬁ{eﬂrﬁaﬁ%aeloﬁ%sch%vaﬁt%r &8P a8med %&Péitﬁ@r one or more

r
resi st ant made thernmal type nass flow rate
ofs &sions cl e nadlugiveibddiag moairtednonea fbiidCtantmllers to check

i nclusive being nounted on a fluid controller, to
thaHew ratganp@liscly abﬁ%ﬁ}mstca‘ﬁglea@uﬁngomrﬁé of the

fluid control.
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