"SPECIFICATICN THERVAL 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 flow rate sensor and a fluid supply
devi ce for which the SEHSGFICATRN oyed, of which all

th t agki r f 1H,on

r co SERMAT PIVEIE WASE M FEATE, SENGETEMADE  OF
CORRODSIONK REBISTANEXMETAD! ANDI §3,UID rSYPPLINGOUIPMENT
even to_ highly corrosive fluids, enabling to achieve
Q%I%@{Etng icle-free and |eak-free. Background of

the Invention Conventionally, a capillary thermal type

mass flow rate sensor or a silicon-nade

Ritld 6f Heinveitied thermal type mass flow rate sensor
by making use of m cro-nachine technol ogi es has been

wi del yThedyesent ipventien d4s masplayedwnainly t¢ dgte¢¢tquimass flow
iLh the technical. fields. such _as .chenmi,cal apalysis.

régeui 61§ren g%& tﬁgppﬁﬁeimﬁeapgr ng?e €a gdﬂ?l |s5!rx§,100nductor
rhaguiRitur e (a8idRids|, And akecofb&@led withh Nar sir85iokE Fesistant
by that the sensor allows its gas contacting faces to

mpetal negeleothermphi yps mass flove nage t $rnsan aaxcuree fluidusupply
d%p&%g@@ggflgc@e ﬁ]&%é‘s%%ga% 2§e eégélrggrgld?gf rw%%llc?xt g‘ff Ctﬁetgoas contacting

faces are formed of corrosion resistant metals such as stainless steel

(SUS316L) and the like having excellent corrosion resistance even to
highly corrosive fluids, 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 *159159* *@0002* required to be

equi pped 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 my be that the response

speed of a mass flow rate sensor becones slow due to

the relatively | arge heat capacities of the capillary

t bauined to be e@sippedneith wi resistanca wieatfer a l@ateheo be wound to
ot her hand, along wth the devel opnent in so-called

nheatoa wapiilary tubehnbli®gnasinigna besslin Year maytle@d to unevenness
devel opnent and wutilization of the latter, or a

Sinl pEsyeropdencid tide ppBdlictsl zed thernal type mass flow

rate sensor has been w dely under way. It has now

b , . )

{1 ol e Banreh Siottohn Ry be bt Mo FOSREAR b1 RPA mags flow rate
bj Lndu d [ . the reasaqn ...

CHATE be o RS S AR e el il Wk raf S fggities of the

mass,flow rate . sensor.can be . mgnuf actured under a

SsallerphRe 20 1Be TasAARGR R JOF ReRtEFenness i n

properréy anong the products, and achieving the .

ext r erfélly theisothess finnse alongedvidl sheedeBelapmenriiing so-called

heat capacities small by downsizing, all of which are
reggpdatRdEne x techrologidsariactrecest | yeavs, tthe stevedopment and
However, it is noted that there exi st many problens to
beilszgticedof the latter, or a silicon-made ultra-small-sized thermal type
mass flow rate sensor has been widely under way. It has now become
popular not only in the chemical-related fields but also in the industrial
fields such as an automobile industry 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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wth the said silicon-nmade ultra-small-sized thernal
type nmass flow rate sensor. Anong ot her things,
corrosion resistance is one that is needed to be
solved urgently. That is, a silicon-nade
ultra-smal | -sized mass flow rate sensor enploys
silicon to formgas contacting faces. Therefore, a
fundamental difficulty is that it can be easily
corroded by fluids in a halogen -2 famly and the

| family Fundt ther hoee, organic materials such as an epoxy
resin, an O-ring and the like are used as sealing

mat er i Busthle@mdres ofpssicl maverialsesseinagran epbwy r@dthnan O-ring
the em ssion of particles and the occurrence of the

Oah@itHE likeeake WRRWOASIABLRNg ARSRY HIOILY the ImBEE YIRS rate sensor,
unabl e that the sensor Is applied for the gas supply

i _ ke i : y : .
108 FRRIAE S SABNEL A HRLAERMELED of the oucic
h op fan  to.,solve difficulties,the .
a%\éfﬁe?l ﬁgﬁ?%}@a s?’f%lcgjgﬁlﬂ%%'e 1h|bte§8p§e}§alqn_a§f etiila? the 'sensor is
t her,ma| . type nass flow.rate,sensor .faces. Fqr exanple .
PO e SR ure Vit ad 60 ke inserekon s o Mantfacturing
I\}o. 5001- 141541, there is provided a heat resistance
| IRFBHIES on the outernost layer of a filmE forned on
t he up&er face of the frame D nmade froma silicon
subst rat theaasamesHown varicigtechnodogiesthave heer deyeloped so far
E1l-E3 designate silicon oxide layers to forma film
Bo &dlve difficalienihe iaderd-aypentiokdd iliedn-rumadealdr£& small-sized
| ead connecting hardware. [Patent Literature 11
TEREMISALy o nZAXEL {14100 RAHYordaBes) etin

For example, with the TOKU-KAI N0.2001-141540, 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~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 No0.2001-141540 Public Bulletin

[Patent Literature 2]

TOKU-KAI No0.2001-141541 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 S4 layer
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[Patent Literature 21 TOKU- KAl No. 2001- 141541 Public
Bulletin Cbject of the Invention Wth the

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

nfnrsed enrtbeilswearcimceHode\odra friame  fmd a heanrddistance layer Ee
fundanental solution for the problens such as the

atamerizhrg hogitidonatitrgde dayanco Fhanl 4 KgmdBehdve been provided to
reason that the frame D itself is formed with a

S¢hhAe SEsk Riststdncd h&@rrﬁéi%@ﬁré %@i‘?sttéﬁ’éb ' SHb%\rei@rvqt is far
the afore-nmentioned problens wth the conventi onal

& f tRYW '@hfa of §Bﬁﬁ1cﬂ1§ Ef hatheunsg@dg@ﬁﬁs Klch as the

property among products mght be caused

[93?28? PEAPEER «droSpn %médﬂefzh%ﬁai the Aty e Rfe frame D
t he . ccur .ence tS|de Ieaks and the
E%?ed sy %\?‘0?1[188“\/3 % i‘ti con- made

uItra,lsrraI | -sized thernmal %/ pe mass flow rate sensor
in addt ¢ JeseRt Inventondsstesolvsiths akariesmentionad ipsoblems
a primary object of the present invention to provide
avigbthe sosnentionst mass fvalrateasensartmrahads tYpthatagevenness in
flow rate sensor and a fluid supply device for which
tirepesnsmonigspeothiaty edight fnescahdaaivand the rapohsetapeed is low
ultra-smal | -sized and consistent products by naking

ugithod ¢dpilleryratbrmel tepBNalREi Bow trate adHRYe diite @ that the
excel l ent corrosion resistance and the fast response

heRdion of particles, the occurrence of outside leaks and the 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

_.4__



and also to enable to make it particle-free and

outsi de | eak-1ess. Disclosure of the Invention

I nventors of the present invention have cone to an

i dea, by enploying mcro-machine technologies, to

prevent unevenness in quality anong mass flow rate

sensors manufactured, to enhance corrosion -4

resi stance and responsiveness, and further to achieve

to make it particle-free and outside |eak-Iess by
frrnstagcewand eespoabiviepegs) adnd efurdieérectd ngchieve to make it
resi stance, a heater, a lead wire to connect elenents

apettidie-frekeand @%Blﬂ@deﬁl%le@sfﬁ%sﬁorfnhxﬁ‘g Wb BiSRISOf tél‘riperature
using a thin filmbody on the substrate made of the

Cd’ét%‘éﬁh%_rl‘ers?ﬁhﬁ&@né hegie a%séf ?e $b %'o?\kx%é? eRirR€hts®HH the like

and manuf act ur éd tr| mass ow rate

> H% d {
the sal d [ dea %r ese %leﬁ\%ggﬁﬁ{)%q eelrg] @@Z‘? (gbp on the
ntloned Ldea and the res
ﬁ?%%giﬁﬁ@tfégﬁg ot e SoPEQuRE YeR v aR T rBlALA N &F RlAihfesS Steel and
|sfund nent al | 0 CO ituted that it
%e&‘\ﬂ ‘?‘ﬁ“‘al aCIHERA t%éf‘inaﬁs E@WbF g %i%n%?réo?P%ﬁ%r‘ieSts were
reS| stant netal substrate 2 and a thin filmF form ng
dereatrd andhems based on Hiegsaidhidater 4 nounted on the
rear face side of the fluid contacting surface of the
sai d Tle r aiesent esinveatipnnehas shewst r atreaged THmsed on  the

present invention as clainmed in Claim2 according to

@farerthehtioned ithde ankdathe ren¥er ohaseribdsetpitppedhe present
with a sensor part 1, a fluid inlet to rmake fluids

fihountion a8 Elahddom CRiinf @ iR dhmdrdally| QvearbtitaBl fRat it is
body 21 equipped with a fluid passage tor

RRTPBU S akitRNa P& phAe 1f bBhfridihgla corrosion resistant 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



“and a fluid outlet are connected, and a strain applied

to the said sensor part 1 when fastening a netal
gasket 27 is suppressed by relatively raising
stiffness of the material inmediately thereupon

agai nst the said netal gasket 27 to secure
herneticity. The present invention as clainmed in Claim
3 according to CQaiml or -5 Caim2 is so made that a
corrosion resistant nmetal substrate 2 is formed wth
t Glaikndds sof madesthatancasosion Thestardsmetali substraten? as formed
clainmed in daim4 according to Cdaiml or Caim3is
swithettheckireds of keyssthranbBEs@ur3 equi pped with a sensor
part 1 installed to secure herneticity and a

cor r osThe presefit aiterltRInphs 8HisledaineCRimad actosdiagad Claim 1 or
hernetically by welding. The present invention as

Cd:f%l'u'i‘ieg ik rboCthdB thAACs Qedshs HaQe G A (?vfi'tl‘iné sensor part 1

Claim3 or a|m4|ssomadethata

ﬁgg?ﬁ{[etadé{geg Wtutéjh?ﬁﬂeg@ﬁg ;?1( I%ﬁ)gf*# 1011 og[sr{?ﬂt %tﬁlhgubstrate 2
carr S|on Si st taI bstrate 2, a netal filmM
tB 5 c?rsﬁ?rée F‘Sﬁ’&?? ﬁi@‘P g3 and a heater 4 formed

t here rotectlon f|| ver the

| nsul af hoPrESERY STGERIGas @gnefﬁ if i lfmThacgpediggr to Claim 1,
nt as clained in CCaim6 is so made that a

c@@ sdr drlares] o Suirdisisormagetthat aghin {ipe s somstéiwted with

rate sensor claimed in either one or nore of C ains
rpinsnddticn fidmi 5 faowatern the aedt {dae of tine fhiid eontaaing face of
check the flow rate appropriately when fluids are

¢het cofroaion | resistant daetal wubbtrabe Pr esemdtal nfilemtMone form a
a mass flow rate sensor is manufactured by applying

efiper BRaRI ShdRChRAH QOhEftcr Y fdrniditika®Rpdh, a protection film 6
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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the conventional silicon-made ultra-small-sized nass

flow rate sensor, thus enabling to reduce the

unevenness in quality anmong the products to a

m nimum In addition, the corrosion resistant netal
substrate used for a sensor substrate (for exanple,

t he SUS316L-made substrate) is processed to nake it a

thin plate with thickness of 30-80um by electrolytic
etching, -6 and a resistance wire and the |ike are

natk atreshetanbe rwirel and the likekaret adeheabechpadiling, 66 make the
the sensor part extrenely small, thus increasing the
rlesgtonspacipeest he tdenspenport esiminkelyl gmaflyrther Mvreasing the
all the gas contacting faces are constituted of a

GIspeakespesl 6f eHY sERSGH rerpfitkablgensor part and a
sensor base are assenbled by wel ding, and a net al

gaSke.tFlﬁ%Héilﬁﬁgré,s a‘lbq]”.rfhé’y éist%rﬁ%ﬂhgafaé’ Veebodis@fifled of a
the like, thus enabling To achieve to nmake It
C 4 on- hcle-fre out si | eak- e
I pSIGRT bbb ST, TR gk RUSRBROR T B0} § SR pase are
schemat.i ¢ .vi ew.of the sensaqr, part of g.corrosion
AsSERTlR B waldings andit mate! Bopket sedling b, Pipleved to mount a
senso ccording.to the present inyention. Figure 2,
Naile bpdyanskie ke tﬁﬂs@ aRRIing toiaclhie i i makedt AORFGon-free,
Figure 1. Figure 3 is an explanatory draw ng of the
aetigld Hgepraindcowisédestleak—feer osi on resi stant net al
made thermal type mass flow rate sensor according to
tBreefoDeseriptionvehtlicoDrawingsr e 4 i s expl anatory
drawi ngs of the nmanufacturing process of a

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, (c) 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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“sensor part, where (a) is a preparation process of the
SUS316L wafer, (b) is a formation process of an
insulation filmb5, (c) is a formation process of a
C/Pt/Cr film(a nmetal filmM, (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 -7 separation etching process on the
seenatioar¢tchiigyprecéss endhsessnisonagarschematic view to
illustrate an exanple of a corrosion resistant netal

made tRgurel5 iy pesamibmal Isehenait ¢ @6 illusiratd 8n@®xample of a
illustrates a photo-nask pattern to be used for

NBoYtbaMoinUFd 918t it SREER AR ther@dnAl t@'&)‘é W8a8s TRk ¢afd sénsor.
pre-mask pattern being overlaid. Figure 7 illustrates

2 onuorPistiRek ot hquaﬂeg be BT hAsi g?ﬂ%;eﬁ:) Yol Ve Bused  for

ows what IS use

Fuitifacttfl.a Relof obar i SO ES AR &b Ptgamask pattern

nd _shows is used for the process in Figure 4
atg;mg,gv&gllaé 9 illustrates a photo-mask pattern to be
used f manuf acturing a sensor part, and shows what

is us gflﬁ‘f" thelllisbeates ian Ph‘?@hﬁ@aﬁlk wpatiegnr doidpe used for
illustrates the surface coarseness in the event that
dharifagtyiting asenpay Dast, pand shaws what He SlesB i@ thevdeocess in
substrate. Figure 11 is a partially enlarged view of
dfigatedt (ol ytic etching part

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 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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Qin Figure 7. Figure 12 is a signal detection circuit
diagram of a nass flow rate sensor according to the

present invention. Figure 13 is a diagramto

illustrate various characteristics of a sensor part
according to the present invention, where (a) shows

the -8 relationship between the heat tenperature and

the resistance value of the tenperature detecting

resi stance, (b) shows the rel ationship between the
heelationshienbetinelen hize heat s¢mpeeatuiat wndothe tesistance value of the
tenperature detecting resistance, and (c) shows the

r edrapexatahe pletetting rebizcanas (b)) ahowal ehandlatiohehiiebsokeen the
output. Figure 14 is a diagramto illustrate an

el Rureént hd 1Y ratRtan@SPRAIEE ehafct @ihsdriadsredfdetecting
a mass flow rate sensor according to the present

[ neR. obi ' ' [ Il [

PG SRR, ag?%éaghﬂ‘éée ﬁ%(? ;‘éﬁgfdr@ﬁ% b\g: F¥ehOtHe é%ﬂ%g\}o@\; fate and

an exanpl e raw ng a mass

rate ording to the present invention.
EsSETbutdif

I gur iS a sectional viewto illustrate the other

exanpl g. of t assenbl y draw. of a nmass fl ow rat.e

Sonsor TS G g § caktar: RediisPaied el E3amES il e flow rate
Is a sectional viewto jllustrate another exanple of

tIRSPORSS e FRALACAPHRIIRY @F 2aMASSs flovpate sensisagcording to the
according to the present invention. Figure 18 is a
sEsespanventegn.t o il lustrate an outline of the

conventional silicon-nmade ultra-small-sized thermal

t ype nbigareé lldwsrasectional 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



.sensor. List of Reference Characters and Nunerals S a
corrosion resistant netal made mass fl ow rate sensor
FathinfilmMa netal filmWa corrosi on resi stant
netal material G a gas to be neasured 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 el ectrode insertion hole 8 a
conbi n®d phuairee sieskragsiddthat métahnpitetial mask pattern to
forma tenperature detecting resistance and a heater

10 a photpgrBsk Makieinré® forma lead hole 11 a
phot o- mask pattern (a resist pattern) for etching the

rear face %%&?r&%% a groove part 11b a thin substrate
part 12a,§L negati ve resists

2 a corrosion resistant metal substrate
3 a temperature sensor

3a, 3b temperature detecting resistances
a heater

an insulation film

a protection film

an electrode insertion hole

a combined photo—mask pattern

©O© 00 N O O b

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)
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13 a sensor base 13b a fixture groove 14 a heater
driving circuit 15 an offset adjustnent circuit (for
the coarse adjustnent) 16 an offset adjustment circuit
(for the fine adjustnent) 17 a gain adjustnent circuit
for the tenperature detecting resistance 18 a
differential anplifying circuit 19 an output term nal
20 a joint part 21 a body 22 a sensor base presser 23
a Wwring substrate presser. 24 a wiring substrate
25, 26 19%aaeaf&ertsadmstraeweclacu@a(éckrethe figeaadjutieentgheet
29 a lead pin 30 a lead wire (a gold wire) 31 a body
32 a pr'eszairadptstuieat cirgitdoe ahe teimpeahtieedietacting resistance
pi ezo-electric valve driving device 35 an orifice 36
a filtld a differential amplifying circuit

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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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 | is
a plan schematic view of the sensor part | which is an
essential part of a corrosion resistant netal nade
thermal type mass flow rate sensor according to the
present invention. Figure 2 is a cross-sectional
schematic view taken on line A-A of Figure 1. The said
odgref ga iQuthg InNeRtiBaat resi stant netal
substrate 2, an insulation film5 fornmed on the upper
f ace ofhe hemdualsBmeat ein 2ccartdenper withr eheenseset andention is
heater 4 formed on the upper face of the insulation
fddserhedahereurptest withirefieferion & fiay degwingst he upper
faces of the tenperature sensor 3, a heater and the

|'i ke. FiBafe ilSis hflﬂaﬂ%rchemt&hwév@rd'fEtl'Feh§e§§ﬁSQ£rtpPrv¢rh1éh is an
of the corrosion resistant netal nmateri aI Ww t

R A A R ﬁ*;l'l%é'mass
3
}rgtegrg&géop a@@&fd%%ﬁ%e@{e 9{§9&€@ A% ﬂ%@ﬁ“ g@iggr?he

part  of e rear

mat eri al t hod of an el.ectrol .et chi
RSP Stcﬂem%'{‘eq T R Pakdil o A ot gl Lace

si de g_t t he .heat reS|stani net al substrate wth an

i nsul dthorsaifl| REBSOr, DRkt al  ¢PIRIIIERhACHK mom@taresxstant metal
tenperature sensor 3, a heater 4, and an electric

suhairete ve aneagulsdion {ihnt fqmmejtpndihedL)ppesm@Ca of the substrate
protection film®6. Furthernore, an el ectrode insertion

RoleteTnpertatiucn sappooPBramt e heiater isforfrmrdred the ugper face of the
af ore-nentioned protection filmby the etching

msudetion fdm 5; 4Rd 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 is

formed on the afore-mentioned protection film by the etching processing.
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Thus, a gas Gto be neasured flows in the direction of

the arrow along the corrosion resistant netal

substrate 2 on the rear face side of the sensor part

1. Wen this happens, sonme of the heat quantity the

gas G 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

t her e ThusoafdaswGoto beemegasral flowhen tthepdirectior of the arrow
distribution Tt as shown in Figure 3. As seen above,
cilangdbeicorrbsionamsestahtimetdl substhattei ®onathearear face side of the
corrosion resistant netal substrate 2 caused by the
fdemmopfpdriel .gaWhenattes HappeaB! edmRs ot A8 AR ti qudlRy the gas G
vol tage values at the both ends of the tenperature

(i%s%%"s‘ség m&s &3 ﬁﬁ?@érr%élorﬁkéﬁ[ Qfa‘i’l‘t‘%?ettaa SubE¢h &t DohiRfresulting

changes in the resistance values o e ten‘perai ure

qﬁ‘tﬁ&% trgégtélrﬁgérsétﬁpé %%St?’l?q’utl%?l ng% gli1 flgé{‘}%sé&t%'ﬁ@ g Shbstrate

sens mass Oow ra

by de ec ch e val ue
?Sgli@tsdf’fp Ve ?*yges%n%ﬁtda SRRl T8 St B s Blgw of the
pri of ath rmal flo raf e_senso |s
asnis B abeierhpey Preofil%ylguepp { AR FORNTSIN FRgie
thermal type mass flow rate sensor. Therefore the
expl ar¥d | FREN nahiiteri ichaggegnin tthe Hemperrirer disgihusion of a
Figure | and Figure 2, a less - than- approximtely-
Teorogiantrigiscianhimetpl aubstrateaaemiaumﬁaby phetbowafithg gas G are
corrosion resistance is nost suited for a corrosion
ipeesehimat aseichhngas eini she Wolbagdh Ja4lues 4hehe both ends of the

af ore-nmenti oned sensor part 1. Wth the enbodi nent, a

sémipel gafresdeaBlting ¥8sistances 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 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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plate (SUS316L) with thickness off 150pmis used. The

part which forns a sensor part | of the said corrosion
resistant netal material W that is, a corrosion

resistant nmetal substrate 2 (encircled by a dotted

line) is nmade to be thinner by an etching processing

as explained later, thus substantially nmaking it

approxi mately 30-60umthick. As described later, the

af ore-nentioned insulation film5 is an oxidized film

wlate {HUSBAEES with thizkmess @il HOuneis byed.he so-cal | ed

CVD nethod. Wth the enbodinent, a 1.511mthick Si02

fi | m fBhewdrbwHitle f6\Rs a( sdhrevorqadrt lapbthdDepidsedriresion resistant
method is used for the insulation filmb5. The
aheta-matelrldWdtHaa19ed abrioRiclereiktdi et SupBEats 2 circled
heater 4 are made froma netal film M fornmed by using

tHe Akt Nid Madd'qo Bb%iﬁﬁéﬁ l?sﬁgaaf’ret&ﬁi‘i’itg pf(r)ﬁ:%gsing as

i I'lustrated) on the afore-nentio atiron-fi

4 . n .
Nl Taines 130 T Blps Bl AR Ak PRE P Bhel 30 thick
metal film M forpmed by CfPt/Cr fi.lm(with . . .
Thi cet SR 8 s aldecmoniofedenitiation filed is an
i n.order.. by the .vapor d Siti nmet hod. The
ot @ﬁﬁefmﬁ/ Wﬁ&ﬁ%%‘g‘%ﬁ Pfgﬁ- umﬁffgiurg farmed hypdgso-called CVD
covering the upper part of a tenperature detecti ng{)
meefihodandkith the embedimentaad .bwa thicde SiOxitm formed by the CVD
enbodi ment, the 0.4-0.7umthick Si02 filmformed by
{tleergil ViapdroDepssiiked. matimda dsed 6oeché imsulation Gilirs5.
provided with an el ectrode insertion hole 7 suitably
shaped'Heyafdre -pagioher] imperareidddtedtihdrédisiticea®and heater

el ectrode rod and the Iike through the said el ectrode

UNseY el 1O a/metal4ilm M formed 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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The rear face side of a corrosion resistant netal

substrate 2 which forns a sensor part | is finished

wi th thickness of 30-80pm by applying an electrolytic
etching to the corrosion resistant netal material Was
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 1The rearfece cadé pffa e ospmresistamishotal retisstaat? which
nmetal nade flow rate sensor base 13 by the | aser

wielrdisng sensohpatti Kés fihishednsgith tthicknese @fr3fs+&0um by applying an
resistant nmetal made thermal type nass flow rate

selesfrolyiaceaitlhfo td otHehecdrresidmt r*e@l@tﬁht Ometd¥erhater @ W as
manuf acturing and working process of the

ey gimnidteped sensor part 1 is described. Figure 4
is an explanatory drawi ng of the manufacturing process

."fnv"é‘m‘? S Spr gt LiCEaphld %?%%‘%%ﬁ@c@f‘?ﬁﬁ%r%ﬁmn resistant
Ufeﬁ n -egﬁ)é Vglb%Ptﬁ‘le%r Ly %g:ﬁgﬁ)%% lfeﬂéhrcglﬁgrl&%ggﬁq%processmg.

0-,180u repar ed for a, corrosion resistant netal
réfi gesart Wi( rlf urtgezﬁ(%afateﬂwﬁ?%s‘?fspﬁﬁ hdediermedigallyptixed to a
athin netal plate (for exanple, an austenitic steel
FIo&f @SipBdEeTptan to’neml gladsy floy¢ Hate tensort besa i by the laser
stainless steel plate can be enployed for the
ooeldosd on thedikst, dotconstitute ameberdsabn Wesihamt, matai Biade thermal
film(an insulation film 5 with thickness of

2‘?9‘;‘ gpéaminglewréte‘ss@nm $ aceBeding tohtheopitcent Ve AE6E.

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 SiO2 film (an insulation film) 5 with thickness of

approximately 1.5um is formed on the outer rear face of the
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afore-nmentioned stainless steel made thin plate

(hereinafter called a SUS316L wafer) by enploying a

pl asma CVD device (the Plasnma- Enhanced Chem cal Vapor
Deposi ti on Device) for which TECS

(Tetra- Et hoxy-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 dfosRnmentisnerd/staivlestpsteels peadte ity )plate dineleipafitgr called a
an el ectronic beam heating type vapor deposition

delb3éd6and wdfetrd- nbgk epmiceings 2 i Iglasmuat €VDn device (the
Figure 7 on the afore-nentioned SiQ2 film (Figure

Rlapma-Brianeed CheusitalbWVepor DBEbSIIRASIDLALE LTS 8vhich TEOS
a state of a photo-mask pattern 9 being conbined with

A TRAPA BRI BilhiR) s WeaFig@mag) el ect rode

i nsertion hole as described later. Then, a SIQ2 film

(a _profegtinane grle'ﬁ)x{rﬁewtﬁatﬂtéﬁ%%‘fﬁgﬁg)&? L%I%p(get%)éhﬁ%tr%s}/stances

0. 5pm’i s forne eratu
3a, 3b a e he te 4 which

(b of Ratel ot SR, MG Male; From gt sictel YR fdormed by

ne . re 4(c) oying a plas CvD )
?%%W ﬁ éVlg? Ogrﬂé%@ég@m@ IESPgCLMElUr ey employing
4(dl) After that, there is made a hole with a bore of
2O0AIEFEI0ANC dieasn heating typertanar depesifipntdevdeaencuphaetio-mask
el ectrode on the afore-nentioned protection film®6
frattexns &me&SéraIeé iddtigure Agon the sfamcendntioned Sh@afiém (Figure
4 by enploying a photo-mask pattern 10 to form an
di(edt r o uras €r tillostrhwdse a iphlots+makkd patterhg8r ¢ & Wthbe of a
a plasma etching device for which CF4 gas is used
pbhogwv+adk eatternl® being combined with a photo-mask pattern 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 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 CF4 gas is

used (Figure 4(e)).
— 16_



Due to the reason that the SUS316L material and Cr

have a high tolerance to plasma by the CF4 gas, the

etching in progress stops autonmatically upon

conpl etion of the etching of a Si02 film®6. Therefore,

there is no risk for a so-called over-etching. Upon

conpl etion 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 fRuee toi the usasun dhapththeo-SWASE1 Glatmetaridiland Cr have a high
illustrated in Figure 9, and an etching processing is

peidranced tonplasend a8y thlea@Fsigls, ofhd hetchiigerihabrdfteds stops
make t he thickness becone approximately 50pm by an

&luR6ira®lcullyCusiit Bop1éih g oF €hd Etd hing o PRSi02 flim 6NOMherefore,
in Figure 4(f) is a groove part to separate the

$8BPOs BB sk fbF Q&Q&J%%ll%tchféra]etyﬁm Ib is a thin

substrate part na hin t he et chi ng processi ng.

Last | t C hod) .,an

a meg fndh SBRBALUGR MR aaf%??p BB A R W o face
the rear face .side of the r ant

,ﬁtalcogﬁ%%wa&eélsiaaﬂm@h Pier i ol elthensl Sdh Fife. i

wer e for ngéléi the thin substrate part 11b on th

rpé‘é‘ierf‘a’ée Qi omhhe ¢rah facesidri wsiegna tihpte— amsk pattern 11

b (with thickness of approximtely 5011m of the

dhlepveteshin Figraei$ gnshen edchingamoseisaingyisoyerippmgidran the rear

an etching treatnment with ferric chloride solution

fFeCsile of Ahedphataridl AL ta mkeetisothickaess beicome approximately
separated fromthe material W After renoving the

50phs by di?alevneol e, etching (Fighee siie)ed sensor  part 1
separated fromthe material Wis fitted into the
fittingparoqve Showhlein Figre 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 1la 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 base 13 fornmed in the shape shown in Figure 5,

and fixed hernetically to the sensor base 13 by | aser
wel di ng on the outer peripheral part, thus a

corrosion resistant nmetal made thermal type mass fl ow

rate sensor S according to the present invention

bei ng constituted. Wth the etching processes shown in

the afore-nentioned Figure 4(f), a m xed solution of

the sulfuric acid and nethyl alcohol is used for the
edeasiorobgsé c 18offetrhed, imnteashhpe oshewhsin i Bigused5f aand fixed
the mask material to etch the specified parts on the
reamdtacsllsiathoseidvr aicel 3 dly IMbed e ldipgretiessu@r peripheral
the rear face after an electrolytic etching was

RSt ofiRd a WbrirBSioaf %sﬁs%@tm@fbﬁl%%&%@hﬁw?pe mass flow rate
substrate 2 is found to be less than Ra 0. 1um as

ag&gﬂ{flﬁ ﬁ th-e“Br%sleHFl h‘?\ﬁgrﬁﬁ)rf B?fné:] 1tu?é<éi.5t S

oca over-e at an

eI ectr t th an X ective r.

one toW E:ﬂén{c{luec (gl{ﬁn%g%pe gﬁ‘%gﬁe 1§ Ehc?ugﬁf% ?ﬂ nt%nede Figure
son t ha cont act in th

S8 e st IR SRS gﬁ%%%%m@yge@@%ﬁ’e%g%d for the
rticles- free and corrosion-free. Apart Qin Fig

P@e%ﬁﬁe%éth ReIih caneb At Prtedresist is @rs;zdu fer ténecmaﬁg material to

part, and Figure 11 is an enlarged view of the
@Itelctthelsmc ied eharisgon plae redy f&eyaide of thhovasesiad Wynal
detection circuit diagramof a nmass flow rate sensor

accor dilreg coarsdree gy ef¢he rieay daceorftehamelecttdigtic etching was
afore-mentioned Figure 5. The said signhal detection

Perfofinted onthexfsré-meatisaed BUS3 16L anfxert aibsirate 214 found to
circuit 14, an offset adjusting circuit (for a .-18

be less than Ra 0.1um as shown 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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coarse adjustnment) 15, an offset adjusting circuit
(for a fine adjustnent) 16, a gain adjusting circuit
for a tenperature detecting resistance 17, a
differential anplifying circuit 18 and the |like. Wth
Figure 12, 3a and 3b are tenperature detecting
resistances, and 19 is an output termnal. Referring
to Figure 12, a sensor part | is heated when a heater
driving circuit 14 starts operating. Resistance val ues
anarge alusiment) 1beap oftpet adiustingeiscolt (fore fipetaddastment) 16,
side tenperature detecting resistance 3a and the
do\gadn r adimssinge cirenpefar 17 dedgicratirey dedscSh@anoesistéince 17, a
which formthe tenperature sensor 3 of the sensor part
diffeeentibleagpdifyitgt drbet mdasnd ete flikevs WhthoBighure THE 3a and 3b
changes are inputted as the changes in the output
\RhtRapdratineddiddthigerddiglan2eB! hAd i 1WiCan Sukputl@rminal.
t hrough the gain adjusting circuit 17. The out put
di ff erpesrepringt Y&F?‘rﬂg\gﬂée 12t wp F%ﬁkb‘?%a’r? 0% métattgﬁ. \%’Heﬁ e heater
output termnal 19 by way of an operation anplifier

A ; 0§ O Sj t : tr ' .
REne EOHE T8 MAAESPOBE AP Res SR Bafics Sl with the
Lnventipon is made to be.a thin filmby electrolytic .
é?%eﬁafur?he?beaf‘lﬁeé, Phefle i UPSITHRT; B‘i%lei t{Pmpehatypg, detecting
sensor part 1 is djstorted by the gas pressure when
13 ﬁglsg%cegi%@ o the Klowvnstsedm; Sif\‘@‘ei igmpeitatuge, detecting resistance
resi stance values of the tenperature detecting
BosWhicintaren 8ae semperathise seaspedaoilithe semswrpa-trli wiken the gas
change. For this reason, in the event that an usual
Cedbsbanmdrasutgd fomsuithrawseh. enfilhey ethangbsr &rd dnpatisddas the
a problemthat the output of a sensor part 1 changes
whtahg'e@a'ixgcmrmﬁme wiltgliesttor theonlif fopRNAl anwlifftirgy circuit 18
si gnal -
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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detecting circuit according to the present invention,

it is so constituted that the rates of anplification

of the voltage values outputted fromthe upstream

side tenperature detecting resistance 3a and the

downstream side tenperature detecting resistance 3b

are independently adjusted by the offset adjusting

circuit 15, and the input values to the differenti al
mplifying circuit 18 are further fine-adjusted by the

&eft%'tm&@ﬂrlféltﬂi aeForeing ta thelprespndinyentéon tihis smgagetituted that

in the output voltage values of the tenperature

dbe eratesg of esimptlifinadon3anf Blhe cuokede byahyes! iouspuibed ofrom the

the gas pressure are cancelled by the adjustnent of

tips s i dide aepernaires defsctinie resiStance Baecanditthgt downstream

changes of the sensor part 1 caused by the gas

BicRs SUmMPeraiureed SMIng! féYs iy 85SAS 1ﬂcfé-b%n"é1|e|n@w Bjusted by
the detection of the mass flowrate with the high

AT ses Of aﬁf&éﬁ%ﬁbrc@ﬂgl{@ and 'tg m%%%élﬁeé %o th? differential

illustrate aracteristics

PR M g d hgt St améﬂl%t%%h@‘%”ga{ecffi%eﬁr ggliusting
t |stance val ues

Birs i AL *uieaRRoree i’ ERR TSN SFpéoan Rl vOIREE o l0ed of the
and Figure 13

eat er nd t.he resistan val ues, (c)
gfrfaﬁgf%thlée Cﬁ%ﬁﬁ?ﬂ%ﬁ@ﬁ}%a%%gén%rr@@&é by amphﬁwéon of'the gas
(SCCM and the detection output values M The
Peesirgrare anapllest by ribe rshustimentosf thesempbificpéion rates.
used for the neasurenent of various characteristics
i n Fi §erthelr®esudis thepuopitehaiges af #hQsansott part 1 caused by the
resi stance val ues of the tenperature detecting

ges psesnaescaBbe Honigleee ]y QlPreboed, trusralidWingN®eSdd® ction of
val ues). The heater 4 was fed -20
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
2.4kQ and the resistance values of the temperature detecting resistances

3a,3b were 2.0kQ (both carrying the same values). The heater 4 was fed

_20_



wWth a current of 10mA, and the tenperature detecting
resi stances 3a,3b were fed wth a current of 1.2nmA
When a gas flow rate was nmade to change in the range
of 0-100SCCM the changes in the output value of the
sensor part | was approximately 1.0V (note: the
out put value was anplified by 500 tinmes by the OP
arrplifier) Furt hernore, the output value of the

or art ends on . the interstice (a flow
5000 cRE e TOernend thso oraRGTH bR de et g resistances 3a.3b
flow rate sensor S and the fluid passage as shown in
Figtie dedswith seurrgas ofilsémA.ater. Therefore, the
possi bl e neasuring range of the flowrate can be
appr opMhemelay gdwmrfgee bgteadyast maglet e ahange mimt fhenadnge of
flowrate height. Figure 14 illustrate an exanpl e of

tOre10068Q0M} ¢he hrraagesrinstie duoput kelueTas he! emdcrt gart 1 was
sensor S according to the present invention, and al so

| Approximbesiyt NOVCGrdtacties bsitpaSvallet hss %Yr&ﬂfﬁéd“@% 590 times by
gas flowrate is set at 0-100SCCM Wth Figure

tip@ OPraBpSAet).| ustrates the flow rate response
character| stics of the mass flow rate sensor S

Z‘ﬁ°? L?\F‘%éﬁgbpéx@ BAE: AINE it s 80 p%naﬂga*gle%ﬁs on the
L ﬁgr ates .t hegg%s?%"greqr@ ¥ W%@?\E‘végng@%\ré%;%h %sle?iB of a mass
g}'ﬁessure t e flow rate control devi ce under the sane

Wi it s Sf?fg@r and ghe) flyd passagemeshapine iviFighee 15 to be

fI ui d s plying device equipped with a nass flow rate
lateor dl hgrafere hidieppasséple mpasuring range of the flow rate

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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invention, and also illustrates a state o the nass

flow rate sensor S being fixed to the joint part 20
nount ed on the gas passage. Wth Figure 15, 21

desi gnates a body of the joint part 20, 22 a sensor

base presser, 23 a wring substrate presser, 24 a

W ring substrate, 25 a guide pin, 26 a guide pin, 27

a metal gasket, 28 a rubber sheet, 29 a lead pin, and

30 a lLead wire S old wire). The afore-nentioned
duyertion.nandelsoi hﬁgraf@éda Stﬂtetméhepmass Bewncptatsensios S being
tinme when a mass flow rate sensor Sis fitted into a

gd i thaheint paat 80bmbusted dbhehsegemopassege. Mithrkiguhe 15, 21
body 21 is hernetically secured by the netal gasket
Aesigitatesos Hddyowf rthegoirit pher 8Os 22 &l sovesdri Paddhpreger, 23 a
a fluid inlet 21 ais detected by the sensor part 1

WHIng $itest8ae frdssePA8siagitiRg %%Qtﬂa'ﬁ@ PO 1de01§1nt Q@ a guide

fl ow passage 21b, and the gas I'ows out through
binti 27 quhbel ga%?:%t t%"%rr@bbg? sﬁ%%%' %’?a lg\év\g .ihutx hfrlg]cp Qesaefgad wire
|nvent|on a gas to be neasured gas

§% LAH t into cont act with the SUS316L- nade
su rate Therefore, unlike the case with the
de subst there.is

| |
2?32%?3}%5 %ﬁ LBl hS 455 T area bt i mgsitioning at

the Gh gure 1?|IIustrateamasstowrate
egv %’&oar Mmasg tew kete persemd Isnlitied Biomeibegy 21. The

assenbl ed into the main body part of the pressure
spare bebweentthe senspobasgeidcand e hody @lrie g meically secured
designates a mass flow rate sensor, 31 a body, 32 a
by dheunetalegaskieo27.33 a control valve, 34 a
pi ezo-electric valve driving device, 35 an orifice,
and 3%ha rhhb$ €low r& of the 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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Figure 17 illustrates a mass flow rate sensor S
according to the present invention wherewith the
assenbling position is altered. Therefore, Figure 17
is substantially identical to Figure 16. The
constitutions of a pressure type flowrate contro
device and its nmain body part are publicly known, for
i nstance, by Patent No.329116 1, the TOKU KAl -HE

No. 11-345027 .and the |like. Therefore, the explanation

i s omFﬁ%wae i Elaw%tﬁ?teéf?e@%s OV hiAteny@dTon according to the
According to the present invention, a substrate 2 to

PEERR e RNy nATENGthathe Fssemblingsi poaitian t yge altered.
mass flow rate sensor is made from a corrosion

ddrefene, Mauee il is sustantially sdentoeadttot Rigade tlifat
tenperature detecting resistances 3a,3b and a heater

4 ar e Ther cenistitutiomstdfi mpfedsurki type fywmake egntrsd defvice and its
m cr o- machi ne technol ogi es. Accordingly, the corrosion

hefih odycearefaré babliasy keewacfdmiaspaide, by PaehaNg8291161, the
and, at the sane tine, uniformty and conpactness of

MK UPKIUHECKRS Bt RA908 7 a8d tARLIIES, M"ERRANDPe SRREExBnation

decreasing the thermal capacity, being particle-free

ahdnlifted ik vafe all achieved. As stated above, the

present invention achieves excellent, practical
' not only with sem conductor
BHGEL by e Tol ities but also with chenical
pl ant ,rel ated facilities. <23 Scope of .Caim].
cor r 08iC6RT g E‘{ gllﬁ? Brepant h%%?éltﬂ(ﬂgr Fralubs{rade n%é@pfﬂrﬁwthe gas
rate sensor characterized by being equi pped with a

sRRastingaparts of the kppistange e 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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~corrosion resisting metal substrate (2) and a thin
film(F) formng a tenperature sensor (3) and a
heater (4) nounted on the rear face side of the fluid
contacting surface of the said corrosion resistant
netal substrate (2). 2. A corrosion resistant netal
made thernmal type nass flow rate sensor as clained in
Caim1, further conprising a sensor base (13)

equi pped with the sensor part (1) installed thereon,
a fluid inlet for fluids flowing in, a fluid outlet

for fluids flow ng out, Og,gd% %‘a nmet al gasket

(27) fastened to the sens ase (13) wherein the

body covrgniog asssthhbmetphssade thermed typemeass flow rate sensor
ormuic;atl et.ween, and connectin theflk:bglnlet

RAAGET3e0 PY dReinBcawithes JHER| & SISANBEeAbD CORMTSInG a

ééﬁrosi@ﬁ? ri”egf%‘%fr%‘ irRétall NS BELate g@g kidd (2 7t¥11;1t1 Ot} e(rF) forming a

sensor base suppressed by a stiffness
trmpcl'raetlurofsenlsersfahand dhsatdrl@) moanmed ormthe hedhface side of

sket fas ns t ecure _herneticity
%&t\?@% Z% (ai3)t néagﬂecgwlo@ rwlstant metal

SM$1PStOM)r esi st ant metal made thermal type mass flow
rate seng% as clained in daiml or Caim2 wherein

2 doconwism resistarnmetni alade thetrmat eyg@mass flownette sensor
with.thickne ss_than 150m, 4. A corrgQsio .
%Segraéff%ﬁﬁf %‘?@f‘%d urther n‘ﬁ?mpyﬁénﬁe?sée’ﬂﬁ%%aéﬁe( 13) equipped
[ | . .
R 8Rs6 PafPEY BstaltddieRlor i lEf Rifids flowing
inpst ﬂuh@d)uﬂbtsmmlmch;eﬂowﬁmg Idwt anbodyfrahdoaietal gasket (27)
substrate are fastened

fﬂ\%SI St 3t9| ﬂ;é (SENREF dPRAZE (ég) AVRerainsilm bady gogmprises a flow
PERisAbe "RAS D EHERLIH ¥BE d@ﬁ&dﬂl@gftﬂ’n@ Bet®lER" artlt 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) is
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 150um.

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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as clainmned in daiml, daim2, daim3 or Caim4
wherein a thin film (F) is constituted by and
insulation film(5) formed on the rear face of the
fluid contacting face of the corrosion resistant netal
substrate (2), a netal film(M to forma tenperature
sensor (3) and a heater (4) formed thereupon, and a
protection film(6) to cover the insulati on film(5)
Q@‘i‘:laﬁﬂ@d Bi&aifd 1 "AMm P Cl%lfﬂ lf‘)" gr %ﬁg %ﬁ’éz“é‘f & thin film
wherein a corrosioh resist’ant nefa ow
@énsowomsilmtpdowerammla&rdlrz éﬂnb:{S)afdt\mlfidléd)SirDmhe rear face of
r.es nt rretal made .t hermal type mass ow rate
Q 14 crriaeidng dags Pﬁéﬁe &%rﬁlomlstant@lﬁt%sqb%rate (2), a
ﬂn'é@éluﬁlr}ie(metd“ﬂ)l‘?@léf‘{&ﬂ @Rafrle! cﬁo@ o %rhe.&%r (4), formed
check [ow rate ap roprlateyat
ﬂhaxredponntalrrd a protection film (6) to cover the insulation film (5) and

the metal film (M).

6. A fluid supply device wherein a corrosion resistant metal made flow
rate sensor is employed characterized by a corrosion resistant metal
made thermal type mass flow rate sensor claimed in either one or more
of Claims 1~5 inclusive being mounted on a fluid controller, to check

the flow rate appropriately at the time of the fluid control.
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