;e3eTR> 6@w LSCE. Apparatus for the correction of tenperature drift for a
pressure sensor, a pressure control apparatus, and a pressure-type flow
_rate control apparatus Background of the invention Field of the tggfntion
-The present invention relates to a pressyre sensor, a pressure contfo
apparatus and a pressure-type flow rate control apparatus for use mainly in
+ sem conductor manufacturing facilities, chemcal plants, etc Mre

par ti cul ar IApparptus fprthenorrectionof tempeyatie drifh iy pressuregensor, & rossere ng

appar at us, “aizoLbpparbfils, 4RF o ReduBLRIRIG BRPSGEwoPuRERAN" * TOT 1O
accur at el y detects the pressure of a fluid by automatically negating or

correcting enperature. drift, thus controlling the pressure rate
of fluid, mglrjz{pw q{dfnbmvegflog pressure sensor for rreasuri\“m% \\\ mmhre
of thesfluid drifts as a result of a tenperature change. 1 I'on of

the prior art In sem conductor manufacturing facilities, chem caPsPl ant s,
etc , a pl KHieldiofgheinvgaties as naterials are commonly supplied at specific

e L AT

accur at el y,a pregorettype 6@ Fateaontrélapphratus #6068 @ttinly e v@hicyndutdd mdnu€turingcur
that 20 materjal gases remain unreacted in the produced object gas.

‘Especi al | y,faciliaese Chamaicatplants, gtc Ylose pargiedlagly. fherpissent igvyeatign cancsrng appAIAtus f
gas expl osi he ' r ' N nced
Tannol®! 03 B Sorcelinleiorat e i FIRLEE el prdnResch ) £ PR odhtFpppeP@UETC

t 0 be supplandd.prédsareaypoflow hate fcbnvol apparstusf- vgaslescchentaly detects tlengressutecaf a

t hrough the u of the fol . owi ng arrangenents: an_orifice i unted in
b par o D P AvioTRaEATR PR YGDRrLE BRI RS o Rl Tkt o as

accurat el y RssRRsal Blo® dabforf ity wik&iRloutpudasa E&%ﬁrage_n%&r@pgﬁaﬁain tRgifice,
and the flow rate of the gas passing through the orifice is cal culated

usi ng t he frressureatf¢hef fhwichdrifis a$ mreshl of h dempesstore ahangd. a t hat has been used
hithe#o, t ef.Iyid .S assuned to be inconpressible, and the flowrate
is exE) essettSEyP '9’60@"’:”@2 ~P1 - P2,1/2 where Pl is the pressure on an

upstream si de oflntsBRicohdddtGEmadtfadtsridgRcilities SHémicalplamis VNS hILLARy 1 %’e@_e@f
the orifice, and Kis a proportignal constant which depends on the fluid
t enper at ur e2s materals are commonly supplied at specific flow rates, and are reacted in a reaction
vessel to produce an object or target gas. In this process, if the material gases are not
supplied accurately, then the chemical reaction proceeds unevenly, and it can occur that
20 material gases remain unreacted in the produced object gas. Especially, where the material
gases are flammable, there is a danger of gas explosions. In order for the material gases to
react in a well-balanced manner, it is necessary to control accurately the flow rates of the
gases to be supplied.
Hitherto, the flow rates of gases have been controlled through the use of the
25 following arrangements: an orifice is mounted in a pipe, a theoretical flow rate formula is
selected that can indicate as accurately as possible the flow rate of a gas passing through
said orifice, and the flow rate of the gas passing through the orifice is calculated using the
flow rate formula. In the flow rate formula that has been used hitherto, the fluid is assumed
to be incompressible, and the flow rate Qc is expressed as:
30 Qc= Ksz P, - P2)1/2
where P is the pressure on an upstream side of the orifice,
P, is the pressure on an downstream side of the orifice, and

K is a proportional constant which depends on the fluid temperature.
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In the flowrate formula, the flowrate is calculated fromtwo pressure
paraneters Pl and Pi. However, since the actual gas flow conprises a
_conpressible fluid, the above theoretical flowrate fornula is not very
-precise. On the other hand, if the ratio 2/ P1 of above-nentioned pressures
is reduced below a critical value of about 0.5, then the flow velocity of

- the gas passing through the orifice reaches sonjc velocity, and it is known

that under soni c lydhediaw {ate fsauta, Hiedlow rate isicalopiiqdfEom fwp RIASSUIP parametarp] | t
is known t NEAeToR Lt Pl [-SEd : I ate
sinmply depgﬁélsl&gzr’il y or}% tP ﬁg{cht{)}?ﬁ%&aﬁg%&e‘b g?@ggﬂesgsd%%ﬂﬁ%shﬁﬁyﬂ%%tgg g(ﬁ:’é({:%ue; ately
t he rat e oftheordxatfopras fotniuda fsinot deny psediseg Onhoothbr hand, dithd iate P,/Poof

approximate,flow rate control . of an inconpressible fluid, therefore, the
hoor et | calbPYSleRdoed marmeais Teshicid baHIBEAiRR Valgs of thott 0’5, B ihe ey
critical copfchi 8Pthe(dd? phssii throdBR We Qifkk redch8s ROV ditgahnd # W krdoKinGhdtO
formula: Q=KPl is predom nantly used for controlling the flowrate of a
fluid. Wienadeisonigrveldcity icosditipng thertheaseticat fartada iss used, the neasurement of
the fluid pressur S__LF? and/or P2, is a prerequisite. That is, in the case
of forner, the sinul taheous neasurenent of P1 and P2 is 20 necessary, and
in the latter cageiskhewhesds b chficd] benditiisr e satktide the Aewuwite sdply s

required. In order to neasure fluid pressure, it is necessary to install a
pressure sel¢aendsionlst onethe ppstepanmside preesues P aad Hskls acoiupiehidhe iieebtres very
sensi fhve t £ 1 L he sensor tenperature i medi ately
becorréeés equcgp*p?%mtio#éﬂlﬂfltgﬁmﬁdgrgg?lbre . In other 25 words, equilibrium
"bet ween t he fl uiKbrtapprorinste flew Tat@rcdntrdleofae ipengiexsiblofluit hheedorsathe | S

i mredi ately estabthhed I.n order to measure the fluid pressure accurately,
it is necedBeprshabllowAedoMMla’si ze of the pressure sensor to such an extent
that the flow ofgdbg upd .- ipsandi sturbed. Accordingly, it wll be
appreciated that equilibriumis reached very quickly. On the other hand,

t he gaseous f | uiisiusedolinder ariticaliaphditioas (R.p &1 Kabewrft PothedheaseticahBow3atet he

flui dlélowsf as 11;1,ar as possible at a constant tenperature. However, it is
known't hat ‘8V8¥%a period of many hours, the tenperature of a flow of gas

fluctuates consiQes&m,y. Furthernore, when a gas fluid is replaced by

anot her gas, it can happen that an hiq(‘il,? temperature gas flows for a certain
period of tinme, inAredemingntlyusedsiopepnitailing e dlop-wigsoffaofluid. Wheresither oftheseod

of tinme. A%o% gflt@%r?ﬁulaiefis Sse‘&,' tlﬂie %e%urgllnggttoﬁﬁé H&dtp‘?&?&fe&t#f raﬁd)o? Pﬁé'if ur ed

usi ng
prerequisite. That is, in the case of former, the simultaneous measurement of P; and P; is

20 necessary, and in the latter case the measurement of the upstream side pressure P is
required.

In order to measure fluid pressure, it is necessary to install a pressure sensor in the
fluid. The pressure sensor therefore becomes very sensitive to the fluid temperature, and
the sensor temperature immediately becomes equal to the fluid temperature T. In other

25 words, equilibrium between the fluid temperature T and the temperature of the sensor is
immediately established In order to measure the fluid pressure accurately, it is necessary
to reduce the size of the pressure sensor to such an extent that the flow of the fluid is
undisturbed. Accordingly, it will be appreciated that equilibrium is reached very quickly.

On the other hand, the gaseous fluid flowing through the pipe is controlled so that

30 the fluid flows as far as possible at a constant temperature. However, it is known that over
a period of many hours, the temperature of a flow of gas fluctuates considerably.
Furthermore, when a gas fluid is replaced by another gas, it can happen that an high

temperature gas flows for a certain period of time, whilst a low temperature gas flows for



the sane pressure sensor, then the tenperature drift characteristics of the

pressure sensor output present a problem such that the detected pressure of

~the fluid needs to be corrected. Prior art pressure sensors invariably

-di splay a tenperature drift, irrespective of the nethod of pressure

detection. "Tenperature drift" means that when the anbient tenperature

- around the pressure sensor changes, .t hg .qut.put of the pressure sensor,
changes unGSP&ebmto&rfff ke ACERATED. A el TEFR e BB LS megsped using

correl at es hOsaniteprbdsiihehQIFPRERIH EMPRARIPEER SHrSctSFARS bBtHRPY&sire RbtdoE - 1 N

t enperature conpensation circuit, but even here, if the tenperature drift

i s 0.05% Coutpit pessentpl nsoblemencinthabibe datected ipfassuse ofi thevfluid ndeds e beicorvgetad. t he

tenperature changes from20 to 100C. .Pressure_sensors are, avail ahl e dn
VarToue. di {1 or ondiof g aReesEs shigts b hEFPRTn BRI Sieih, Pt Pos@Bietorie
gauge 30nvehdthodéBiedsure defdction “Tehipaturs deik” iftahs Wat Wher B8 atibenp! Ot t ed on
an abscissa axis, the ordinate axis corresponds to qutput voltage.

o
course, if temperaiysvrraurd fhe psessyre sensoy ehagges, HisrPUPH obtheRiessyis serye changes be
zero, and 'uhdé?coﬂ?tﬁﬁcﬁrgﬂu}#ﬁtis Puhd (7 tl?i?ohtpﬁ{ cﬁﬁ?E%Jré(]at@s?t%%é’hﬁid%ﬁgéﬂd{u‘?e the
out put voltage w rnse. e sensor output recorded when zero pressure is
applied to the Hoasspresuscsesarrs haveaaiiledh tengpelaerccompemdation tipettit, bufléven

tenperature dri of the zerq-.pai t put, ich is the f]uct ion in the
L er b pot nt st phihe Grrmsrv R GiS BB S BE gl e St it Wl <

cal | egh t he 2@ Whddhe tentfefisid cRatles fom 26 fdvecot her hand, the tenperature
drift of the sensor 20 output observed when pressure is applied is called
"t he "span out putPressifetsensorsare asatabtedinohtiaundifiareat types tGonsid esastravm gage for t
is necessary to, adjust for both zero-point output dyi.f d _span ut
rif e Wor SxeiBlsy M hin grbne S8bet BrERIE 0 o PRUERH ok sk s ips SR8 S o
out put dri fah,abgdiskatakial thielosdiBate @xi@@bﬂ&s}p\éﬁlﬁ RARtpUS vOltdgd) Of Lbiise, b BBsolliat
when the absolute pressure of the 25 fluid is 1.0 (x 102 kPaA), i.e 1 atm
t he out put Pressegdezere, then thy outime woltage willedrerce apdit at expecten shagsdthigider t hese
condi {4 ons,; bl from20 nV. This

fluct L%ti or%mlsrg&te ﬁga%gu&éﬁﬁé%?i&éﬁg{ﬁ&égﬂadrg tgg‘[g%ﬂ?{ l%?i ft. In practice, since
sone zer 0- poi nt T gabor cut@ltweopsdgdrelssantero pressusganppligduotthalpriessuratensoryis

arbitrary pressure is displaced by the zero: poi vol tage. 30 As .descri bed
Above, 1 EaflREiecRrDapit LTSN TR aeruismins Ol i TS HORGL OB R e | i
passi ng thrguahigh i&(hbfzb&;p&?ﬂt dlfﬁ%ﬁ%éd?ﬂn@[h 4R daR@ W Th e RF RS WhEndelis0" @
downst ream si de pressure , tenpe

rature fluctuation characteristics called
t he zer o- paiatied thet ‘pero-phintfpresaurd driis. ©p aie @berpuand,dhe femprratuientrifucfatie sensothe

out ol tage of the essure . 4 sensor., |.f.the output |tage, i s
Conmert ud i BbsTe BhE st jo apRlfedgraled thd ipan puBtt g R 8Rebta, | |
contai n erredifin ah hedubfte 5éR¥E HRPR, it s KRbSHEHALRjUSTTOR 6O ZANFSInVbiitPutl did
aforesaid flowrate fornula, then those errors will be introduced into the

_cal cul at ed #dspan eutput diift: This is the probl em of tenper ature drift in
prossune- 19°, (UG ALEEAR) SRnURS sl MECIRL By Mo AR R,

- bet ween di fandrtkattits pe@sgaititesodtagsBos( V)t Alse adesie thi whénathe hbsaiute presace uf thiee

Sens 0L Ut Btk 01 BV IR A &1 ol th utpot veliage K20 m¥. Wi thehiia™ @' Tt
temperature changes under these conditions, the output voltage naturally deviates from 20
mV. This fluctuation is the above-mentioned span output drift. In practice, since some
zero-point output is always present, the span output drift at any arbitrary pressure is
displaced by the zero-point voltage.

30 As described above, in a pressure-type flow rate control apparatus that controls a

fluid passing through an orifice by measuring an upstream side pressure Py or a

downstream side pressure P2, temperature fluctuation characteristics called the zero-point

output drift and the span output drift are included in the output voltage of the pressure



Summary OF The Invention Accordingly, it is an object of the apparatus for
correcting tenperature drift 10 according to the present invention to
measure accurately the pressure of a fluid by automatically correcting,
"through a control circuit or control sof tynar e, the zero-point output drift
and/ or span output drift of a pressure sensor caused by tenperature

- fluctuations It .is another object of the present invention to provide a

pressure cdARsobIIf Hisoatmt waltageds eompreres directlyypio & Yahaes. dbareloom thapressypatat us
usi ng such | Al eSRMICrRRS IPlhe o GRS CRuRlA5S HE r@a%c@&@ﬁ%é’ﬂofe%&iﬂ flow
accurately by correcting the zero-point output drift and/or span output
drift of t hateformadartkersthosoerrordivel bevintnotliiced intfo thé edlenldted doatrete, Qo. Hinis is

apparatus for correcting presguie sensor tenperature drift for use in a

P 6esur o sdREBPOIGY OERUMANKE Sten BIeeSerPeaioR S SATED! SR Sppar at us
conmprising a te”ﬂ@z@%&ﬁ&p@ﬁﬂ%ﬁim fetpeMRAe WrikNBatabRrisEIRA 2 s freQbnsdr hleUi d. @
20 nmenory nmeans for storing the relation between the fluid tenperature and
a pressur e dferentrasbgtwren différent presydressensony &triadesirablértofobtapoan aesuiate semsems

whi ch cal cu] at a_pressure sensor qut rift amount fromdata in the
menory rrear%'?%fg% pf‘ﬁ'é(ﬁwﬁinbetkfoéirég:lpgﬁhr%%gﬁgeﬁlbotf?tu%?ndé&negat es the out put
drift of tmmgsﬁmqhsgﬂsafﬁ@n t he basis of jthe cal cul at ed out put drift
anount, thereby correcti n_g'_the tenperature drift, such that even if the
‘tenperature of fAPHlingly.dhisfgedject pthe pppasaths &y correctingfepaerriEg dikd

acour & ! ¥ acd ok B 4renPin EARInTo FudeSurBRocPREN The'Sreb e 601 G

tenperature Oor ‘use In a pressure control "apparatus conprising a
‘control valaueniaically ewsactieg,abroughh camgol xirpuie o5 controb evfeare fthe zeregmwinti ng t he

re re of a fl.uid, ,the apparat for correcting tepperature drift .
bompr i 51 ng R ABRy oA SR PE R, o1 nrePuieEnsoh SpisElBL feTopigepie Aygtuations
t enper at ur gt ANfofhesSEbjBEt VT Y (ReRBNMOENtRIA D Provildd 4 presstibdlcahtiof BRIk AhAR Ari ft

correcting neans which cal cul ates a pressure sensor output drift anmount
from dat a ipressine-typerfiow rate sostroliapparatue usingisech apnessusg sensorc tragogtre] prassdre

negat t he ut drift of the pressure sensor on basis of the,.

ol cufe ed AT fa ool b PSSR i e PPRLbuRR: dEarili e R bl erig of
such that aHepresdurd fsdd ui d tenperature changes, the pressure of fluidis
accurately controlled. The invention of claim3 is an apparatus for
correcting tenperhgtinyantign of elafmp] relgies thamappaeaies foe COGSENE PERASUT SRNSEDNL 1 Ol
appar at us GERRLLAI DGR Rorlsk bl £ relBle SONLI AL Btk ME pdlire Br PAGANACP!

val ve provided I'fi a pi pe on an"upstream side of sai ritice, and an

upst ream siappaatuB TBMpEsiag ASOMpdEnYd sbasorifot messuring ¢hedtemperaturastla fibil, gont r ol
val ve_for detecting the upstrgam si?&;?ressgrﬁ Pl, such that the flowrate
of a £9ui d PR IRCANA LT RITINGH e Flatg ween the fluidiemperpaige 3 RESHES PEOSQSt
the upstreayysitARAPERES hipRlature Akt PR MSardsWhiSPELI QR AtEDS pleRiRE s Ak ©
drift conprising a tenperature sensor for neasuring the tenperature of the
10 fluid, eoutpnwdrift amsansroordats iortheymemoremgansorhdncheofuid temperatmp chamges, e of

‘the fluid t driif th t i
t emper at ur daeReee B Sttt i o€ e ot RReiER T i tasRioh TR fecoR et lpyiith °
.out put dri fdmduint, tth@ebiP&SrreRAnR HedempaRGSS diift, QL BaBeven if Ihe tEBPRANirdBEME When

the tenperature changes, and negates the output drift of the upstream side
sensof5 on tdhengrasths flofd prassureceandigl maeasered geewittelyf t he output drift, thereby

The hui ot | uot ueeevarRa of PR Pt bo aidfilel APbafeille et Bl SARERTNA R

fThe i nvent i pressofe @h&bMp%aia&;sftﬂn@pip'ﬂlgatmtrbbTalMor eodsiuig comrad@ndib pregswtei f t
or use in a pressure-typ ow rate control apparatus conprising an,
orifice forSCR¥REPIINPASHENS thspressyre of 3 flih theoponptat OBFWCHéﬁt?WPeégbie;ﬂil%n an
upstream si 5,8 ifd &mgt i : ovi ded
bet ween sai (g)% ri{s%‘n;%?eﬂgﬁgfyfs%?ﬁmg%tr ol %/%?d\?gﬁfbgﬁv%gttg‘{:fﬁ?ﬁg&?ﬂggﬁgﬁr}dg%m si de
pressidfe, Riressareckeasadonpsit definandiademperatisedeft serredinggneans ddhichi calalgpese on a
downstream si de of the 1g’)rifi.ge for det c{i.n t he downstre m%f'bdﬁ. ressure,
P2, such t HEFSSPEFSCRIGERUTPLE drithpmopint fromdgtain the mempry means whed the iflce can be
control | ed @mpblafir®afdngeNind NEzatRShe S@PUSdriEofthE pradifte séhbor Gthe bR of the
downstream si de pressure, P2, said apparatus for 25 correcting tenperature
drift conprising a tenperature sensor to neasure the tenperature of the
fluid, a nenory nmeans for storing a relation between the tenperature of the
fluid and output drifts of the upstream side pressure sensor and the
downstream si de pressure sensor, and a tenperature drift correcting neans
whi ch cal cul ates output drift anmounts of the upstream side pressure sensor
and the downstream si de pressure sensor fromdata in the 30 nenory neans
when the tenperature changes, and negates said output drifts of the

o o o o I o o o - o M




changes, and the cal cul ated span output drift anount is added to or
subtracted fromthe output of the pressure sensor such that the tenperature
~drift is corrected. The invention of claim?7 is an apparatus for correcting
‘tenperature drift according 15 to any ong of clains 1 to 6 for use in a gas
supply system in which gas is caused to flow as a fluid, for controlling

- the gas prg:%g:g e and the gas flow rate. Brief Descripti The Dr aw ngs

ption O
FIG 1is ytput rlggwr%qﬂnbfthquW%qcen%Bwtt?raperaw&%ﬁ?rﬁ,rﬁgch at pendf esent

| nventi on Yl figigdeRpEIRIN SihkAC i RUHRIE FRRNG

0 AfrHBedMni ch operates
under critica I'tions” Fl IS a sinp i#ulrgtg booErE %dll\,pcuit di agram

for the correctiThe infentien of geinmB ioart gnparatus for comecting tagenatare drifefdr uesninrat e
control apparatus Fl 3 s an.expl anatory .di agram.of .the cqrregti on of

Zer o- poi nt TBHRATYRR 1Y Fofh QoReh! FHbTaus combrivnt i prfice fog SapFaiR ARNeaies

di agr asn of RnfIBtVapek frevide® asaipibe on bh QpQrdapididélsf dald GHficR, ﬂ[cﬁéiﬁ_&lﬂs&eﬁrﬁ R -
FIG 5 is a diagramof the zero-point output drift (ZERO DRI F1) tenperature

char act er i Sirgssuresensgr pravidedrbstweendhg orifige@ndghe eondrodivalye fondstectingthsut put
Graract e . o
rift ( PANpgg%J;n?_ I),lg%l Bnggg r@i)u,.rsﬁclﬁ g{: {I(‘E gl:?)w fitd &S Ml @%SS@,S@P@?H bife cﬁﬁﬂ%%ﬁn

FIG 7 is a emat’i c agram of a ¢on r cui a
pr essur e- t yheeohiroltedr ait the basis ofthe apsiseaai side pressufdPG fid spparatusdor cdrégctingf a

zer 0- poi nt out put cor ecting nmeans 62 accordi.ng to the present invention
"FIG 9 is éemp%e&um ‘g@é&ﬂﬁnsfrl 1P 3 LRI ARTESRNYY [ regasirips thedempsratuppefise 66

accor gh g i NEmBrh&SaRtans RYERSHR Y rebatioh Getwiddn e RmpERATBLE the HAGARIRPT

fluid control "according to the present invention using a pressure-type flow
Tate contr cutppdaftatftlse wsiredm side patsewe sember, anda-tempearatoed drofo pokir¢dtiog meafd G,

L2 90 LRI P B P S SBB Sk St b e
present 10 hEM&Hhs Ydeh %eat@mbéﬂaft{?é/ BihnBEL BRY h&zat SsRBe bUtPYY drFt 6f (8 Uklgtfélam
apparatus whi ch operates under non-critircal conditions. Reference Nunbers
2: i npr ovedidersessuos-the/basistdfsaidrealoglatesramaint apiharoatpus drift, thereby corsecting thia:
orifi o7 ho'tgmpgraﬁj;?es Eirriﬁ,asr@cE ich%? e\Peian the temperature of the fluid fluctuates, the flow rate of
fluid can be controlled accurately
The invention of claim 4 is an apparatus for correcting temperature drift for use in a
pressure-type flow rate control apparatus comprising an orifice for controlling flow rate, a
control valve provided in a pipe on an upstream side of said orifice, an upstream side
20 pressure sensor provided between said orifice and said control valve for detecting the
upstream side pressure, P;, and a downstream side pressure sensor provided in a pipe on a
downstream side of the orifice for detecting the downstream side pressure, P,, such that the
flow rate of the fluid passing through the orifice can be controlled on the basis of the
upstream side pressure, Py, and the downstream side pressure, P,, said apparatus for
25 correcting temperature drift comprising a temperature sensor to measure the temperature of
the fluid, a memory means for storing a relation between the temperature of the fluid and
output drifts of the upstream side pressure sensor and the downstream side pressure sensor,
and a temperature drift correcting means which calculates output drift amounts of the
upstream side pressure sensor and the downstream side pressure sensor from data in the
30 memory means when the temperature changes, and negates said output drifts of the
upstream side pressure sensor and downstream side pressure sensor on the basis of the
calculated output drift amounts, thereby correcting said temperature drifts, such that even if

the fluid temperature changes, the flow rate of fluid is controlled accurately.



8: downstream side pipe; 10: upstream side pressure sensor; 12 downstream

side pressure sensor. 20 14: tenperature sensor, 16: control circuit; 17:

flowrate calculating neans, 18: flow rate setting nmeans, . 19: conparison

-circuit; 25 20: valve drive apparatus, 2% control valve, 24: gas tank; 26:
regul ator; 27: supply side pipe; 30 28: valve 29: control side pipe; 30:

- val ve; 32: chanher; 8 34' vacuum punp; offset D/ A converter; 40a: DA
converter for r&i’ﬁﬂn‘éf‘&f‘G%Pfr%lﬁ’thAW annﬁ;@ﬁ@ofﬁve?rf@ﬂnmmﬁqrw éﬁ}%@%ﬁw 5

40c. buffeny AQd, 5 Uj wﬁ&gm sPHfrfl@rﬁ?ry ean éi%es a é&tloh'%ﬁgh @HEH a{ ?&5 18

42a: offset term hal?; vari ab frer, variable a :
A/ D conver tpeessux‘éDbetweerst&larﬂmd Empe:raatra aed bézdﬂo pbbit Bﬂtput «hﬁﬁf ﬁthepmssmsur e
generator;

58 A/ID  dri f
T ot Ty shmgpand ghe P Beahisg if Wopeing Fenps Caliltes SgernbORaHOPY Fiins, | 66.

span corr eGhidudt Whéithe téiBperfiare deH@ﬁﬁl@tdhﬁ@ge@ Oc{rfd%hééllgth@é\r%spoﬂt?outpﬂt rift
converter; 74: fixed anplifier, 25 76: fixed a fier, A/ D converter;

DP: vacuumanihpbasisiof theealewlatad gergepaint alsidi anecunptt erdlamcsrt Qcélagrﬁ@l tg@pereBsS ur e;
30 ¢ cal cucf ted flowrate, Qs: set flowrate, (err)Q flowrate
di fference; : zero point drift voltage; 9 v: output voltage; V:

pressure vol t agerHedfivantiph bPelaidh 6tiden fppafatly foel cardufiep r@nfesature drift as claimed
in 1, 2, 3, or 4, wherein said memory means stores a relation under any arbitrary pressure
10 between the fluid temperature and a “span output drift” of the pressure sensor, a span
output drift amount is calculated from said memory means when the fluid temperature
changes, and the calculated span output drift amount is added to or subtracted from the
output of the pressure sensor such that the temperature drift is corrected.
The invention of claim 7 is an apparatus for correcting temperature drift according
15 to any one of claims 1 to 6 for use in a gas supply system, in which gas is caused to flow as
a fluid, for controlling the gas pressure and the gas flow rate.
Brief Description Of The Drawings
FIG. 1 is a schematic diagram of flow rate control according to the present
invention using a pressure-type flow rate control apparatus which operates under critical
20 conditions.
FIG. 2 is a simplified block circuit diagram for the correction of zero-point output
drift in a pressure-type flow rate control apparatus
FIG. 3 is an explanatory diagram of the correction of zero-point output drift and
normalisation.
25 FIG. 4 is an explanatory diagram of a method for measuring the output drift of a
pressure sensor.
FIG. 5 is a diagram of the zero-point output drift (ZERO DRIFT) temperature
characteristics of a pressure sensor.
FIG. 6 is a diagram of the output drift (SPAN DRIFT) temperature characteristics
30 of a pressure sensor.
FIG. 7 is a detailed schematic block diagram of a control circuit for a pressure-type

flow rate control apparatus.



By anal ysing the zero-point output drift and span output drift of a
pressure sensor 5 caused by a tenperature change, the inventors have
~succeeded in devel oping a nethod of correcting the tenperature drift, not
-only for the pressure sensor, but also f a pressure control apparatus,
and a pressure-type flow rate control apparatus in which the pressure
- sensor is used. Enbodinents of the apparatus for correcting tenperature
drift for a preddirigaPew thart ph2zerairoint GHENuS FOTEgsHAR Aiegas @%W&H%tqtbet he
pr esent ini}g&ghtqgv i}, pe described below with reference to the draw ngs.
FIG 1 is schemati ¢ diagramof flow rate control according to the present
i nvention usi ng FAGp$ éssflswe-diagpen bf tw apatation ofib sedn copreatisg meamstdccdecondargat es
under critical conditions . In said pressure-type flow rate control
appar at us 2??}?eters§nblnﬁfF'3P°élqui site that a 15 fluid to be supplied is under
critical conditimgsioisa Rhethidd dibgr@mVst MGd tontRfl abdtRdihh v thelpré¥shindvétitfonof an
orifice 4 is at sonic velocity The flow rate can therefore be expressed as
Q=KP1. Predsifga fressyigayne Bawdnleonptjolappengtis veueh epeiatepundies pereceedor 10.
Sai d press%rg i&iX?se flowrate control apparatus 2 conprises said orifice 4
havi ng an 8% Irfrce hole 4a, an upstream side pipe 6, a downstream side
pi pe 8, an upst rAGM BisdeddbdiRdSolidnARte0k difkrad dfepeniblciecustedTG. 14, a
control circuit 16, a valve drive unit 20, and a contrgl valve 22. The
‘control circuit F§. &g schematigdiagrapy offlaverass sentiol accarding totbe ppser | and a
builtimn prage as . LAci i i I
Ci rcwi(%1 1;%@%#&?2%@@%"6%&@%%? (e g‘? %r(t:if% ar%ari)ggat%s?@g%hgﬁec{e?oni C
‘ci rcui t andimdemremsaiazhl ndpioner . Sai d control circuit 16 conprises an
el ectroni c%rcui t%%} st}em such as an anplification circuit and an A/D
converter (‘HOEregh% 51“ €Sflow rate calculating neans 17 for calculating a
flow rate Q¢ usSiNGmARvEPlekduséityple! ROV fafd ContSl Matatud flow rate setting
nmeans 18 for transmtting a set" flowrate @ for the fluid, and a
conpari son neangt bgfitegr determining 0Q (= @ - ), the 30 difference
betwerg t he cal cul at ed fllow rate @ and the set flowrate @ The flow rate
di fference (err)%‘ﬂré ceoléo%’al culated as @ - . On the upstream side of
said inproved prespstréant d@epipbow rate control apparatus 2, the follow ng
conponents are connected: a_gas tank 24 containing an high pressure gas, a
10 reqgul ator 26 &‘@PWﬂ&tg%phﬁtld%glpp;r operly the pressure of the gas in the
hi gh- pressure gags,. : V, .for leading said gas froma supply
si de pipe 27 toq?apgg}(%grr?%&sgéﬁ%/eeéﬁ%g’ Further, on the downstream si de of
the inproved pre@sdowndtieam sideopressaiecseasoit r ol apparatus 2, the foll ow ng
conponents are connected a control side pipe 29 for flowwng 5 gas at said
regul &% ed f1 ow rld EEMBSTRIUICSENDS for feeding said gas to a chanmber 32, and a
vacuum punp 34. | :goﬁmgpﬁm.sz is a reaction chanber for producing a target
gas from supplied material dases. For exanple, material gases HZ and 02
form H20 noi st url¥: faw rate dalvelatiegotéans) chanber. Next, the control operation
‘of the inproved pressure-type flow rate control 10 apparatus 2 will be
expl ai ned. On th@ﬁB‘é’tr tgéﬁﬁﬁgg&xée,an% gas under specific pressure is supplied
.to the supply sigecompsiséd cirbitt her, the rate of gas flow to the upstream
si de gipe 6 is controlled by the control valve 22, whose opening is
regul 8t ed by sai¥: velvedrive pRparaiws,t 20 At the sane time, on the downstream
si de, the downst i ipe 8 is naintained at a set |ow pressure by the
dry punmp 34. 15 i@g%n%gdrl&glg?’ evacuation by the vacuum punp 34, the
downstream si de 2 gastanle, P2 within said downstream side pipe 8 is held
substantially | ower than the upstream side pressure P1, and is
aut omat i cal |y sed® §&8H®hat critical conditions, i.e. P2/Pl <about 0.5,
al ways apply For ST .the velocity of the gas flow ng out of the
orifice hole 4a zléglgpg)rlﬁ gﬁ%g{b&i ty The flow rate Q of the gas passing
throud® the orifi¥&ealkecan therefore be 20 cal cul ated by Q = KP1 The
upstream side prgssure Pl is neasured using the pressure sensor 10. To
measure the pres@uF%ﬂtgﬂé ARYy, the upstream side pressure sensor 10 is
installed with ifesygeesor part in contact with the gas flow. The sensor
part is designed to be dinensionally very small so as not to disturb the
gas flow. The teldehambare of the sensor part is therefore 25 al nost equal
to the gas tenperature T. Furthernore, the gas tenperature T is neasured by
the tenperature sensor 14. Said tenperature sensor 14 neasures the
tenperature near the orifice 4, so that the gas flowis not disturbed, and
if the gas and the orifice are in thermal equilibrium then the two are
identical in tenperature The orifice tenperature can therefore be neasured
as the gas 30 tenperature The upstream side pressure Pl and the gas
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calculate said flowrate difference (err)Q the formula 0Q = Q - & may be
used Said flowrate difference (err)Qis outputted to the valve drive unit
20, and the opening of the control valve 22 is controlled so as to reduce
-0Q to zero. By neans of this opening adjystnment, the upstream side pressure
P1 of the gas is adjusted so that the 10 calculated flow rate Qc obtai ned
- fromQ = KP1 is equal to the set flowrate. As nentioned above, the
temperature of tHeVAWHERUMRrt of the pressure sensor 10 is equal to the
gas tenperature gb, o O/A dofiferftids tenperature T changes, then the
tenperature of t he sensor changes correspondi ngly. However, the pressure
sensor is tenperdauP/A depertdefor roughddjusemaentt put vol t age of the pressure
sensor drifts as BS@& nig rat;’.gl)'r 15 chan gs The correction of this output
drift will now B¢ FRIbEHer “eélué implified block circuit diagram
for the correctiqo. ®iffeger o-point output drift in the pressure-type flow
rate control apparatus. The output voltage v of the pressure sensor 10 is
anplified up to40Hebyffasssure voltage V by a fixed anplifier 42 and a
vari able anplifig %A}Ee The pressure voltage Vis inputted to a CPU 41 via
an A/ D converter 38 0 Furthernore, the output of the fixed anplifier 42
is also outputted. CPUanot her variable anplifier 46, and the output of said
ot her variable anplifier 46 also gives the pressure voltage V, and is
“di spl ayed as thé‘2u5§?dr 'de pressure Pl on a display panel. Assune, by
way ofgexanpl e, 42Qa(gff§e{1€en“g,%;ream side pressure sensor 10 used in th| S -
‘enbodi nent out puts 100 nV whén it detects an absol ute pressure P1 = 7 atm
i.e. 7 (x102 25 %Paﬂ)ablddmplif&rupstream side pressure P1 is controlled in
the range P1 = 0 as) 102 aA) usi ng said sensor 10, then the out put
vol tage v of thet Oy heé pressure sensor 10 will be in the range v =
0 ~ 42.86 nV. If43tlA¢Dr§gmdmm vol tage 42.86 nV of said output voltage v is
normal i sed to a eak val ue of 5V, then the anplification is 117 tines. The
anpl i fication of30 1 eqnstanirtempesatas bathhi eved i n t he present enbodi nent by an
anplifjcation ofg,l fixed anplifier 42 and an
anpl i H cation ofszl?e?efteb&en@gysé}sei n&q 2’ vari abl e anplifiers 44 and 46. 12
However, the outﬂ@uﬁxe&amblet'm[essure sensor 10 drifts as the tenperature
changes. The output drift displayed when the pressure is zero will be
called the "zer o8p&YRCOBRISEHt drift", and the drift under any arbitrary
pressure wll b ¥ The zero-point output drift is
corrected by adfblgfs;?él r%gaéﬁgfdﬁgﬁ%&%? égﬂg&%o an of fset term nal 42a of the
fixed anplifier 682zero point correcting means;

20 64: memory means;
66. span correcting means,
68: gas temperature correcting means;
72: A/D converter;
74: fixed amplifier,
25 76: fixed amplifier,
78: A/D converter;
DP: vacuum pump;
P1: upstream side pressure;
P,: downstream side pressure;
30 Qc' calculated flow rate,
Qs: set flow rate,
AQ: flow rate difference;

v0: zero point drift voltage;



Specifically, correction of the above-nentioned zero-point output drift is
effected by an offset D/ A converter 40. That is, when, with the pressure at
zero, the output voltage v has a certain value vo, - vo is applied to the
“of fset terminal 42a to reduce said zero-ppint output drift voltage vo to
zero. As a result, even if a pressure vo'is inputted to the fixed 10

- anplifier 42 when the pressure is zero, the effective input voltage is vo +
(- vo) = 0, and“ REPYLYAESi nt output drift is corrected. The offset D/ A
converter 40 CORPryrsQsredolphde Cconverter 40a for rough adjustment (ROUGH)
having a buffer 40c, a D/A Tonverter 40b for fine adjustnent (FINE) having
a buffer 4@kscdptiomotthepneferied ¢mbodidentsAs al ready descri bed, an inverted
zero-point 15 cqqrection voltage.- v f,.the, zero point..drift voltage vo is
Zpplied to ihe opraBlSPbE kP Hhim obfpof it i SRRl MirdigereifiseBRBn *and
fine aglj ustcamel blyQ tempeiur®tiiangélahe Biventofy Halve eudcpededdi dédelopihd aarthtd of
thereby correcting the zero-point output drift FIG 3 is an explanatory

di agr am of cpEegingdhetempergteredisift; setondnioribe pressveg seasn byt alsper apesswea axi s
| i ; . : A 5
plots the %Bﬁ&&%glr:]@hﬂea&rae@rg&@gq-&ga g\%@)_ #agséoﬁﬁo&[ﬂ&}g{mgsqn Ptiich b ﬁPe%erQe 0

out put vol tage v ptressu sumnme he pressure range is
Pl = 0 ~ Pkensodixusethe maxi mum pressure is Pim= 3.0 (x102 kPaA). Assune

that when the gas tenperature T is Tq, the zero-point quiput drift is vo =
- 2.0 nV Assure imbadiments REtheARPAANS frreosgrineempeiatie duHBr 2 RigsURRIPS Ut put

s Vv, 165 40 RyvMte ddirol AftfardQS 4R0rdidd 1 tRELNESR ikenfRtwi] bSiQ

) Wabdd Welow with
tenperature characteristics of the 25 pressure sensor 10. If - vo Is

“appl i ed t o refeeenoé fostdse drawingmal 42a, then vo + (- vo) =0, i.e. vois

i ved and d to 0.m. which.is. sh i It
e o e o IIGE S s Pmid aeth] SEhT S0 FoorFRhGio M mp&Ra® [ o3

out put of phemEIYH AsifEAPREsslie-tiSe IR Rt Qomtral @ppRatus tvhich dpefalestundbtr &itical
correcting the zero-point output drift. This correction is shown as the

t hi ck br okeenditigss . RGaidaxessuigdypaflpwdttesansel apheraps s B iy @ pressqiite tigt jas

i o - . out f. . : i S0 maVly + 4= ft
vor o b g R dyPBuGL b ek AR 8 BETE veloSisPor ik s A, | 7
ot her wor dsout bparasitidel 4/is42 shidvelbeityd Yhe Floe rateitah thepefofete gxpasbadied - 13 by

the variable anplifiers 44, 46 will be 1.17. As a result, the two-stage
amplification i Q&5dPiat M= 100 x 1.17 = 117 This correction is shown as

" Span- Ad) *. The hf@%g‘m‘é%&écg&lgg;y a%éxphtﬁ%ﬁl?gigé Ere%&@&n@ér n = M (vl - vo)

The output v of the pressure sen er an arbitrary pressure Pl is
anplified to V =Sad pressuractjpe fBsi mtcscotrpl afpastusilicqmprisds s&id orificedhevdngynt he
thick.solid Ifjn nder critical,conditions, this.thick solid |ine,indicates
V' 52050y rfeR dol B bn bttt HdsSpana dowipgran Sid Bt &0 wrSrenbads ong)
constant WhfbsshidQeSR® 10 RAIpeEaUIre sdnsbS 14,Q: control circuit 16, a valve drive unit 20, and

a control valve 22,
The control circuit 16 comprises an electronic circuit, a microcomputer, and a built-
in programme, as its principal components. However, said control circuit 16 may comprise
25 an electronic circuit alone, or an electronic circuit and a personal computer. Said control
circuit 16 comprises an electronic circuit system, such as an amplification circuit and an
A/D converter (not shown), a flow rate calculating means 17 for calculating a flow rate Qc
using an empirical flow rate formula, a flow rate setting means 18 for transmitting a set
flow rate Qs for the fluid, and a comparison means 19 for determining AQ (= Qs - Qc), the
30 difference between the calculated flow rate Qc and the set flow rate Qs The flow rate
difference AQ may be calculated as Qc - Qs.
On the upstream side of said improved pressure-type flow rate control apparatus 2,

the following components are connected: a gas tank 24 containing an high pressure gas, a



FIG4 is an expl anatory di agram of a nethod of neasuring the output drift
of a pressure sensor. The pressure sensor 10, as incorporated in a
_pressure-type flow rate 10 control apparatus, is nounted in a constant
‘tenperature bath 50. A vacuum punp DP andnha reference pressure generator 52
di sposed outside the constant tenperature bath 50 are connected to the
- pressure-type flo ate control a ratus b pi pe. The pressure within
Phe” pipe | Sordar 46 b b Rneutong B HRe Bresine ke G falispe Riasfressaty son Binknc yum
punp DP,  angdtRalveesFoPRafing QaitiRds fidf  § Megﬁ ¥97 8 sdid Eorltfc? $31YE 92 SENSOr
10 15 is neasured as the te%per§¥ure isl%%QLge .pFurth%rnnﬁe, by sm%tching
over the val ves,Further, ondbsdovensireamfsiderod thecimprevedepresseregypeflgemae abmrol52 i s
set at a specifjc.pne re. and while the tepperature i;s ch d, the
out put vol tRBHalS 3 15 T8laNing SopdnreyeicEnegiet p Batrabside pipe S 1Gh Bowiy o
of a tenpergt uf QichatREIHOvEds 2 vdivagoadt fkdinh 8aid a9 tddPER¥mRH BB Wnddr i f t
(ZERO DRI FT) of a pressure sensor. The abscissa axis represents gas 20
t enper at ur AUUMARME34; hbe ghamiben s & isadeactianphamber ©r prrsdusiap attarget sasdfiom k ()

of the zerq;RQtAt . ri i Jﬂeﬁ i 9
i ndi cates gﬁpﬁygaqﬁ%‘ﬁg% 3\né1t E%t%x\“%h) }e?gﬁ tef }géslgt@ ?%—I%Eh{‘ﬁ?‘gé SO f%%gsé%(f%r{%
| i ne indi cahesaatmomatambe;. neasured zero-point output drift. This drift is
zero at 60C and .abou 2.0%lat 850.%$T$id rel ative ratioaﬁpé'l;% is anverted
‘into the zero- porAt: BEEYPHIC! QPFRICR, B 1e FBPROYCHAGS Kb HIPE dlomoratggontro
aboveigrent i ppgdnR Ll wililbel&pHimal 04 %h A i i
characteri sdtglﬁc.s di agrane1 0 tﬂﬁg gu'?pea"t?lﬁgreﬁlgd?sélg ?\ISE\JDI{ISI@Q%E%;C%@SB?&ISSUM
"sensor. Theupplsaditoshe spply sidgpips2ntRirthe theaste afigae flawuo ¢heTypstubarh side tpiyee 6
ordi nate axi s _indicat th elatiye . ratio O (.I) of span output drift,
Vol tage. vt confilsa Ry Sl aid 2 it pPand romle RRRY selbBlLE iy wbie
different moeastHedamelinte, od 1k dovidtreadm bR, HhBAOWnstadach dide ?@é 839 mlafitdifled stat
as the pressure changes, the output drift changes slightly. At a | ow
t enper at ur e setlgvhprepsyre ey thgsirepump 3Aot  hi gher than 60C, it was found that
the difference i ress ' I t] - made
usi ngll% he averagB:::y £ t(%#eg%cg%ﬁ‘loﬁgy Pﬁ% cnﬁﬂg%ﬁ@iy Sﬁt {hgﬁog't% Eklréarﬁg%nﬁésﬁ %ﬁ.?ul?gp al |
arbitrary prietssssidslowndifealnl §ide Fipe 8 inheldtsabstadialg kavatthan the apstredinaddeam of a
control circuit in a _ressure-tl%’ps‘eﬂgl w rate contral apparatus. The

|

pressure sdisgprem), and iz dutoarHea thay gFitiga] icanditipns, 1.¢ 28 158boutd). 5./ D

converter f : rfner. : I : t Ln 4L 2,
and will ngla?w%}éé @féf g%}@gjﬁ% 5‘5;6,‘[?1 h{grg.veégq'ﬁgpglgéja % gﬁ‘%‘e atuP gﬁlgl??%%tghlr)r@égdged by
t he t enper apuicevekeity oFhelflow sataRdfithe gab passing thasughahperifited eanlthbrefdradef i xed
arrpli%'er 56 argq's {grl_plg_gted to the CPU 41 via an A/D converter 58 Said gas
t enpe turecallguae Wp tted'to a tenperature drift correcting neans 60 and a
gas tenperat ur e THRMpREEINMSidePRRsure P, isTatdduted TBREIhd/prdssikd Senséroror g6t i ng
means 60 conprises a zero point correction neans 10 62, a nenory neans 64,
and a span eeaspiedhe pressusapeeusiely, the ypstreamesidsr gressuassnsy 10tininstallpd withrig dat a

"are stored: . af | i ( t - pai nt tput. dri.ft as
houn i n FisghRE P bnkfc i Be fas oy e sdfsef BB e f K B irRpsoh B o
—-in FIG 6 Weensthilesgasnd enpietuah thegad flos. Thepsip&dtir©of dhe serebopaidisfherefore
correcting neans 62, the corresponding relative ratio data k , relating to
the z&? o- pAlRPStEAR# P thergap tempegatyit b ned 15 from the nmenory means 64, and
the rel ative ratg : i at ed thics:
cal cul ated rel atfg@telllérrrg%}i)e’omh g?%n{ptg ﬁlgﬁggﬁ%ﬁ%ﬁh&&g ?%3 RFTT L\?SP aléésglg IS
det er m ned,tempefatune sensarel4 raeasurss tirgtempenaturs negphe edfideod, tsh ¢had tHesgis floerisi nal

42a through the of fset converter .40; the,zeroo-poj.ht output, drift is
Chas Bt ot Ao §hd ab g Nag rheficeiant AT nAEha) a8 B, Bl s Hojace
i nputted t déMRaSRIBMEARIES ThOGifiRABMpEGiure Barl thErefo?E bE HRAAMEAS thelgad | ve

dat a gerr).., relating to the span output drift, is obtained fromthe
menor y0 rearfémpaatuseid the relative ratio D (T) at gas tenperature T is

cal cul ated. The a t put i ft s det,erm ped using.the, cal qul at gd
relative ratio (@%@5%%119%&9%%3%% g&??{%’etgﬁ%p%' gﬁaﬁ%rﬁgrpﬂ °Bfai“}e? ¥y 8ﬁ?§eﬁe
pressure vandagsavértediatdigichl figaats By bh ampUAtith chBuit aP aRAGD cahReriePfiot €am

side pressure Pl is gbtained 25 Furthernore, when the gas tenPerature Tis
i nput t ed t chowa) gaid digita) signelsrage inputted to the flow rate calculating means 17, and the




correcting means 68, an accurate proportional constant Kis determ ned on
the basis of inputted physical data, and from said proportional constant K
and said upstream side pressure P1, a calculated flowrate Q is obtained
“fromQ = KP1l. Said calculated flow rate ﬁp is outputted via a DA
converter 72 and a fixed anplifier 74, aﬁ is displayed on an 30 exterior

- display device (not shown). Said set flowrate s inputted fromthe flow

n) .S
Tate setti gonasuensl eepthicientdt iy qalaplated Gromythe pan tgmperafiise I\and thephysisal nput t ed
to the CO”R)?F&%&T‘?%"gQal ' fi (¥ . Al er
78. On the ot¢1er hand, tshgu%ﬂgﬁggﬁeé?%gg?gé%d g{trgm@&gfgrélq%ggtp edéZE tgéc?)a%{ﬁé& 15
conpar i son flosarase QO cdr badtérenigakbyt Qopd€”t ure correcti on nmeans 68, and the

fl te diff 0Q i | cul at = Q- tted t
the valve drive dREse aif Qs feindutes (m Y Adwsse o BRa f B of °
the controlpadRiffGercd AQ iPRIdu®atdd & H@sfQe\gzrsﬁgﬁgﬁigaﬁﬁfnqﬁéan@@m@raénqo By

adj usting the opening of the control valve upstream si de pressure
P1 is cont realchlatk saidflow rats differendeed@ dhe foomulaadQ & Q- Qs maythemsed cal |y

caual 1o the set PO ReCERREReALS BRI ARSI rbt A 4LFeT on "ot

the zero p@pehingof fRGohRE] VIBRITR 6 2o0MmeslREdb A td RAULLAQRE SED By meaid bfahis Al
step m, the gas tenperature T is inputted, and at 10 step nR2 the relative
ratio k (T)opgpingadiusteipgb thy wpstreqmiside prossyiad’ of Hip gap ds adiwsid spehatdbe o data in
t he ry t IO PO it voltage vo is
cal cul at ed c?]f:cg{r%?erdgro 3@ Fel&gbr%g)tb fﬁgnelg %@nd@hgﬁﬁggh%%F?g&ggm&' of the
"pressure sensor Admerionsd apovedthesemnperainkd afiyhe vensosparnofahe prbssuaeisenadr Bxigp nb
- vois applied to said offset_term nal 42a. The ro point is thus

correct ed. equaliip de g EmREr g A dh et temsraaasffgihaegﬁsoﬂwe He tepggrature
correction Jre@nff RHGRS @br’?&tpbﬁdihél?. Ab&eGR! the PYe&flrk S&hs6Y isIbRperithre he gas
tenperature T Is I nputted Contenporaneously, at step n2, the output voltage
v neasur ed depertdest, pndtheioutpus eoksage of the ressuty ssosaedlrifts ag thedpmperatuoeit put

correction and inputted as ressure.yvol.tage.V., At.step n3, the relative
Fatiofb (myhgheds e eoftetpn ot Bl SRR Gt Pl ARV pEidstdioRla on the 20 basi s of
the relative ratpig. da Bsiiiplifibe blRRRIrYuinBiagandbr tH coble€ifor ¥ zefo-point output
tenperature-corrected pressure voltage V' is calculated fromsaid relative
rati o 0 (T)drighia thtpreasyss bpadlom @m@ngpbmraéuw dhe ayiputvoligge o of the pressure
t enper at ur e, corLREC I t I
pressur e preitr dPa SR ET oY Bletdifyolizgh ¥ B0 RREHERbIIND HERTATLE, | o
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vel ocity ofvoltage ¥, fandwe digpliyedras theeupstriedn salepréssute Hnven atdisphayspanek vel ocity.
30 When the fluid is ug]der n{Jn-criti al, conditions, one of thg thesor%.i cal
flow rate formul A¥UPGO%R%RY Y TogRls ) e TRStigH™ e aresriieacnser f&pisida i om
~Bernoul I'i " SenftiRah&montpus doah Usyigaaddédiadts NatsoRepressusd B 2 7fathi ih, 73R S
gi ven as: ~,zvz (pi pz)rz 16 In this enbodi nent, the gas flow rate
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pressure PXelhitherahfiev st Ap86msv de pressure Pl is neasured by the pressure
sensor 10, and the downstream side gress re P2 is constantly neasured py
t he downst ream St the praRyDYy wltagp 44,86 MV of saud guigrivoliage vannrmaliseddor RegK r at e

Q is obt aiJ&;ﬁﬂ: J'8Mthenhe ém%ﬁéa@ioﬁﬁ’sllﬂ @ﬁé&ﬁ%ﬂﬁ\&gﬁgb%ﬂ' Jff187 eilesfig om FIG 1

is that an electrordic circu system and a so r O system are added in
whi ch30he dwhiesed enthe prajentprmdodiment BY an ampifisatroacfP0 tines dewng she fixeadh si de

Gl roult 10, SRS 4% and PrempURTRRer d i nepaisin ARt 4P LS EEBH 28 1 nose

that are



connected to the upstream side pressure sensor 10 are provided in parallel
for this purpose. FIG 11 is a detailed schematic block diagram of the
control circuit of FIG 10. 15 The electronic circuit systemthat is
-connected to the downstream si de pressuri sensor 12 includes a fixed
anplifier (AMW), a variable anplifier (V. %/P a variable anplifier for

- display (VAMP), an A/D converter, and an offset Y A converter. This

electronic circlfaveyys theRytautps tha Rrassure sereor Qsiifts oy shedqmperatige ghanees. 41. | n
addi tion, thg oﬁgjuﬁrﬁg%‘t%s?l’@te@ Wéx@ﬁ”ﬂ}et EssHRSE %&%r@lﬁ'ﬂéecaﬁ% “*E&os@rﬁﬁ%kcﬁu? s

used 20 corrrmnl sai re systemco S sai
nmeans 64 f arifiS and thgddﬁmad«:reﬂngtarbigattyqaredseremﬂldaepxalled t}mlj‘bpqmn dniftf.t and span

output drift of .fhe downstream si.de ess re sensor d zero i nt
correction rreansﬁ@?e'fool’mﬁto?wle‘t‘ftd?‘ﬁdsf %‘ﬁ?ﬁ' ?fg?sr’i’tng(?ﬂt‘?ﬁﬂt Va‘t@&etto a&ﬁgfg%tai d
span corr eGéinffal MBS tHaGie@anpAtieest i Ng sai d span output drift, both using
these data. The software systens are installed in the CPU 41. 25 B

provi di ng such dpeeificdhi. cogeqtivniof therabogetmentipreedsaese-point matndt drr%ts ected t he
Flow rate ogl,cuiat) B TERReA fah SR BiAIR: ORer BB, (BpRRbid | 1

t he control™circul tTme’ b ng t

19 for cal cilia3taicegainhaluelvow ¥,ds epplieﬂft@flenﬁ‘&et(tefmm 42a@s redu@ salﬂ Izerofﬂdhw rate
is controlled to obtaln a target flow rate. The operation and effects of
‘the ot her CUHY6AERMS t&gee‘/ottﬁée@aﬁé agesulth s if & Prepre Vald dnritier tmthe frxgdbe

expl ajped fa‘ﬂ{pthﬁ%f 4T Witen fife préssreSS DG EBE CHELARY t%géébCWvE #’-t(e yp éraﬁ{l the

according t resent i'nvention using an i ove ressure-
‘rate cont r(ﬁercapqnaircmtpmdnﬂﬁnsbonemecht es under non-critical conditions.

sai d pressure-type ate cont oI appar a 2, it i r.ere U|S|te
that Lhe rluid (DemsseRi pawene dfsmirhens DY R cPhuries dieforroreh & |

i mproved tQR@tﬁ@HYﬁAwﬁé QWﬁ&tﬁcfQDVWkém}eﬁeH@@ﬂfor §h8§%u§tﬁ§éﬂ@{FIﬁ@§ﬁ9ﬂﬁ fluids
are expandabl e and conpressi bl e, and since accordingl’y Bernoulii %eorem

whi ch assurbugfer #dbapd asemnmiing byffer 46 oAs @tﬁ@dy dnscylba@pnommdebgp pcunte flow

I d b = KP21/.2
For mut . | HrEaG SHEF hodt g paniont 26 oBiare s Aol Te ARafeepRRR DI

fornul a t haly thesirdueRfes®agh adjtstalent dlﬂvﬁﬂeaddfi&tmdtho garal owd &l%lieiid)-?ﬂmt autfpbta
inproved flow rate formula, the equation. = KP2m (pl - p2)m 10 is used.

The two pardiferaiage i, therehvecarrectingithe@groagoin Q‘«tti’lﬁgl"@xponents that is, for

mat chi ng act ual 0 3 d

T ching, ot ual oY g o Bk ! ke b Bk RoBB R BRI BUBEC
cal cul at ed THetdbs¢issaaikisiples tisi ugstredn sidb ipsessurb @l wikite the bidindté axis pRitethe

cal culLation neans 17 is provided using.the i ved flow rate_ formula.

g
Exceptlin tHRUt valagect andtHﬁFeuwétasw néswwmngq tﬁ9 PregRire Epge &P = 0~ Pim,

and the maximum pressure is P;, = 3.0 (x10° kPaA). Assume that when the gas
temperature T is To, the zero-point output drift is vo =-2.0 mV Assume that at the
maximum pressure Py, the sensor maximum output is vi =40 8 mV.
The fine dotted line between v, and v, shows the temperature characteristics of the
25 pressure sensor 10. If - vy is applied to the offset terminal 42a, then vo + (- vo) = 0, i.e. v is
negatived and corrected to 0 mV, which is shown as “Zero-Adj” As a result, at the
maximum pressure P, too, vi + (- vo) =40.8 + 2.0 = 42.8 mV.The output of pressure
sensor 10 is therefore corrected to 0 ~42.8 mV by correcting the zero-point output drift.
This correction is shown as the thick broken line.
30 Next, normalisation of the pressure sensor 10 is carried out. When the output of the
pressure sensor is 0 ~v; + (—v,) after Zero-Adj, that is 0 ~ 42.8 mV, it is normalised to a

peak value of 5 V. In other words, to amplify 42.8 mV to 5V, the amplification provided



15 the enbodi nrent shown in FIG 10. That is, the systens for correcting the
tenperature drifts of the upstream side pressure sensor 10 and the
downst ream si de pressure sensor 12 are the sane as those in FIG 11, and
~will not be explained further. The pr ese?§ i nvention has just been
described with regard to pressure-type flow rate control apparatus, but it
- can al so be used f t he. correctian,of eratyre drift (zero-point, 20
out put _dri P¥ tBYeriaBleAeRIifsER 4t bafl-{ﬂ%arfs%@hﬁ& tegrtage anplidicption is set
Furt her mor g; Vi 8op%asSent 11 NV difechianisRBowa ad “$anchdjrect the tenperature
drift of a pressure control apparatus with a built-in pressure sensor.
Needl ess to say,ThetmeaxpmemeioltagsVens therefore ginen as 85t ¥ M (ad vo)o Theeutput v of
above- nentipned enbodi ts.. It is.to be understood.that. .t resent.
ventfon (BUBPSUEE GRITI et dn gl PRstit R SaBRlrE RN gof Gi-al Suid o
t echnigal %ﬁ?ﬂﬁed WuiphoVtis HRIRAtddI Byahé (HER dNd IRl Uhder@FitisA@RAdiAbNS, MRs Bigsent
invention. Effects of the Invention The invention of claim1 provides a
pressure sépkdling indicates Y aedhnBr eihy penrastienab censtant a (Fy) renresentsi ayyoportional
temperat ure ggtjn{ttwkfegrtﬁggatsitgrg JRAPsS l‘i)yT(}Nhi ch the tenperature drift 30 of the
out put of {Re pressure ensor. can —Be cancel | ed. The invention of claim?2
provi des a press@ ¢ oranrexblaaptay dirgiamhafd methad pf essuriag slensaputaindt ef a
control valve, which gﬁ{é controI'Hpr Ssur.e W th Br.eci si on, V\hi@ accurately
18 det ect i MGEPHE SHHEESUPPTCHY R Oﬁg SURIPIRIALH A2 ISTW LW AW I8 neans
that gan NeYaLE a_tpﬁ]ﬁrahﬁ,”ﬂ@%&nh&rd‘%n grcbfﬁtaxﬁfterhﬁéi"aﬂﬁfé?@a'iﬁl 5€¢ &SRR Aithp Bip- andie
invention of claim3 has a nenory neans for storing a relation between the
“fl ui d t enpecfatance peessiire genceatopi dispased outfida thegyestaptiempemture bathd0,arand a
tenperature drift, 5 correction geans Whifrhl cal cul at es .t he anpbunt of the
out put dri FOPHEIGHR g RressIre:vRe W Jpteconia aé’@ﬁ@g‘f’s Y %fPdata in the menory
nmeans when the frhdipdess@@RAIRM tHehifdid MeRISat zadAvaduuan] ise. Phe ot 1IWAKPEA), by of
t he upstream side sensor with the cal cul ated anount of output drift,
t her eby corth@¥acunig nus PBngnsrthe gere-peint foutpundrify vpbiage vo of ghecresspregsepsasdur e

hawi. R . .
oresi o pit fehlied STREIAME S ICLRRLE FRhERGS tiASHoEbOPRE GRALINEE
char act er i siréssereiPy of ke refenancy prasauns gendistof bDiv seadta spacifit pessafrerandvehile

controlled accurately.in pressure-type flow fate control agpparatuses where
@ = KP1 | sheemperture inchonacy i UPHMOIREE Y SHRICRHIROIGOd MEPRIEH 4 has
menory nmeans for kd i Ul g -lﬂm t he
output drifts ofFI?h%gpés}%rég{g@?ls@;gqgrgﬁggyﬁgghﬁ glﬁe E)S\l}\lnglésglra g%ﬁgtgé%fg sénsor,
and a t enpaugiutddfidZERIO DRIFBadfiapyesse@sensoni Hie abatisal axisaspiebentagasunt s  of
the oyt put drift of_ the upstream side sensor _and the do ream si de.sensor
from fota (tHREHFS TruaHE ORI IS TSP i e PtV UR gLt RGOS | ves
the out put fipt dsifiQblthSevl IhE R EbEd e 0SPIdRAMs dRMREL liRANHBdH |rikENSOr
with the cal cul ated output drift anmounts. As a result, even if a pressure
sensor haviwjlsathe thiasplid.apaliygengHinedadisates an agualsmeasuepd zerrepoiot eippetrdsdin si de
pressure P . i . : I

St oring t helToanAR) BFAFLaR0Rn 210 o §52 SHiThfilite PEICHTS: e ito
..menory mearthe zéle+point outpuadiift @sBageon tayidh epfliedvio tiat sboeenientibneaiyfiseatenninaher e
Q@ = KP21/2 (pl - p2)1/2 or @ = KP2m P1 - P2)n is used, the flow rate can
be acédr at e‘P;?- controlled. According to the invention of claimb5, since the
relation at zer : Tk L r ANB

et o poi nt ot pur e el agiclis didfri bF IR URARIPANSRIFT)
means, the dfrmpredsuefsendve. Plerabsqissaraxisoapresentsihe gos wapetature dl, ewhilsttthe of dirate

data in the penyr ans, .even if the fluid tenperature changes to a

lovel  wher®yngickies BRGSBETT A8k Fuor Py et PR DipES Ea EeNBRBisESEan iSe
negat ed on §afutRER wasthedsBRAGRITEE AFRRNZHeSuRR N5, 20! PUYx 967 fia HMBUE was
therebé correcting the tenperature drift 30 According to the invention of

cl ai 3@, sifoged thabaytbe grasone ohanges, shgoupwidrifighangesesbighihe Adatlowdemperature,ui d

tenperature_and. the span out i ftopf. the  pr r sor ks stored in
e’ menory oot SR ds At Biher i dosCh e i RIBHY e RERRGGe ilpRisic e
from dat a itk ighered®rBriesticiBansh@¥e bd mhdeudingihd abeapedas Wssusihgilg shd 0 any

| evel under any . )
output drift is constant at all arbitrary pressures



19 arbitrary pressure, such that the span output drift of the pressure
sensor can be automatically negated with the cal cul ated span output drift
anount, thereby correcting the tenperature drift. According to the
~invention of claim7, even if the tenpergature of the flow ng gaseous fluid
under goes any changes, the gas pressure can be detected accurately, thus

making it possible to inprove the ¢ ntr . efficiency of the gaseous fluid
in seni conduct of! (Sra ailefl ighqmeatic legkelagram st cap ?Jr%rutt,ﬂr BRArGSIUSTEPe et .

20 dai ms ARwARRARAEa ;T erattYsO‘TB fesdiPe E&W@Tﬁ%f xﬂf)!éfér 420(ra1*rh%?e érH;[;l lers
pressure sensor for uring pressure of atf sal d appar a

conpri si ng 44, 4€em¢9r®nmrear§6ndfﬁetDMcmu§rr #hgretatighe sampeasahogean &Gt heanﬂl ui d,
a nmenory ne or st or rel ati on between the fluid tenperature and an
out put dri f“f‘ ‘h@‘pﬁﬂ" esdgfgpg 'sensor, and a tenperature drift correcting

means § or cal CU|T%E'gﬂQtehﬁb@ra@lﬂ@léﬂipuﬂﬁleﬁsm@eWﬁh@&etﬂ;ﬁdritbrégenid?34ﬁ§ 25PN YNSOr
fromdata in the mem)ayb nmeans when the fluid tenperature changes, and

negati ng s&ghtegwpefature yrtthe dixed pmplifiersin and is inputied to the CPAI 4l waleo uy/BY ed
amount of 1 h&‘\{egt‘& ?é’tSaE’J s tembé}ﬁtu %3 sdl?lé%t?&ftloqgterttnﬁgraﬁxgg?ﬁ éhléc% g“ fohs 6§UCH

C
t hat even iP errper ure anges sure can be

measur ed aeﬁ&la@h@iemp%raﬁﬂeaaﬂwtﬂlguﬁeahgsscorrect| ng tenperature drift for use
in a pressure caontrol E&rat us conprising a control valve for pressure
control and a prd sistsmeee eérlﬂrcerrerreamnﬁéo@ﬂ@pmeéeszer%p@m C&rrercmrume%rrre

appargf us f69ra IR el 42 HREL Gha! rr@Et‘iJnthé?{S‘Ws' ¥ AefbiPh¥a Fhef OF
t he UI

storing a relation between tenperature an an out’put rrft ®of the
"15 pressur dolkerieg dataamjstareﬁeﬂhpeclaﬂwraud ki(T) ofttbe rzerotpormg awtaun drififas shown in

| cul at t f f dat
"B the nendld redndh vt ik DR but i ARG g G & Negat i ves < he.
output drift of whe the gastenPe@ite Iis Mpukted RLthe %é@gioﬂ{t earreamﬁ%ea% 62 Nge

sSucC

output drift, thereby correcting the tenperature that even if
the fluid tcerrpmoadlmgeelemmrges datatke *predatingrte thefzefe-poigt patpatcdrift, as eltgined

contrpl |l ed. An a S at ur.e dr ein

a pressure- ﬁi pg]e TEwY a eean %hl a],ng%e Icegaé{vggéf oqggfr}parngg ‘ﬁé‘%srﬁt‘gﬁ f %laflgﬁﬁaf | ow
rate contr Mromahle ealtulgled valhtiee fatie ki (I§dhé fera-poinpeutpit dift wpBigean i3 ddtetenindd,t he
orifice, and_an upstream side, pressure sensor provided between said ori fice

and the corfd &e ipygried volagerey e@mphgd @ﬁheeﬁﬁqté%rmuﬁl déa giraugh the ofiset YAch t hat
the flow r%%)ﬁvqﬁ]]{ergg thé‘k?r gj% uE B8R Y9l E\gofﬁa {] G&ofidlef® controlled on
(6] am SI

t he basis e pressure e apparatus for correcting

tenperature dri merthexrrwhres theqeaa témppstust Tiisdnmatedao tlfempamremeutmngqe‘ahe%

terrperature of the fluid, a rmr maans fo storrn%Ej {lela g_tweenthe
’r v 3@ T

t enpettat ur dhg¢orfeseonding f&laawa rﬂrrﬁtpft © §ran OoHtp 88 agre& PR s ur e
sensor, angydnd:$HRanaky ra%dq!re rfeiatﬁ/@ F5tRCA (T)at ¥R &hiG R mlcsnumareesm@@pan

amount of the oltput drif he upstream Side sensor fromdata In
menory rreamytmménﬁtlheetamnn@hqmnaﬁlarcelcolfateﬂlrglauqurwngﬁe@) Byeubsfacting ﬁletsml

"output drift, of .t upstream si d ssure ;sens with the cal cul

amount of - PR ER R P la TG TRNT AR ekt S PSR such
that even iupsiréden sieepREQireIPLis@btdinedi d fl uct uat es, the flowrate of f I uid
can be_ accur at eIPy control | ed.

25 urthermore, when the gas temperature T is inputted to the gas temperature
correcting means 68, an accurate proportional constant K is determined on the basis of
inputted physical data, and from said proportional constant K and said upstream side
pressure Py, a calculated flow rate Qc is obtained from Qc = KP;. Said calculated flow rate
Qc is outputted via a D/A converter 72 and a fixed amplifier 74, and is displayed on an

30 exterior display device (not shown).

Said set flow rate Qs inputted from the flow rate setting means 18 as the flow rate

of fluid to be supplied is inputted to the comparison means 19 via a fixed amplifier 76 and

an A/D converter 78. On the other hand, the calculated flow rate Qc is inputted to the



21 4. An apparatus for correcting tenperature drift for use in a
pressure-type flow rate control apparatus conprising an orifice for flow
rate control, a control valve provided in a pipe on an upstream side of the
-orifice, an upstream side pressure sensofg provi ded between the orifice and
the control valve for detecting an upstream side pressure Pl1, and a

- downstream si de, pressure §enstgr provided in a pipe on a_downstgeam side of
the orifi cSOMPRrisgBMERANS hY) lramybgsat W@‘Qﬁ{aélifaéorﬁ?cé%d?“é‘nﬁﬂé&s@gﬁhq QY itfe fl ow

rate of a j i é@{gh 1eAOT el e basis
of the ups?lrfgégnwgi%glsgrq lecggltijre P%ngthdgagg\%ﬁ@tu trtgcgtr%qglgtdlgelg%?ggesﬁgtei 2, the
appar at us for cGSedeatverdyiveampeOatutrels dhed dpenogrfthestangrobvdleap2 s@sstodbrmgnsor

for neasurinng,the t er at,ure of e fluid,, a menory nmean or storing 10 a
el at on bURAR i AREHTD AL E.Pie- B st epraRGE SLERACRTR| T B thehe
upstr gam siyf@rdafesided prosshfd B Ok caitfbIRAVAS b T@aM) thi EEntRI RERENS iS AREMAticallfd a
tenperature drift correcting neans which cal cul ates the anmpbunts of the

out put dri fesplasgd soHbatMQ beetmgsseroangrtbe salgwated flowrraterde eanaltte dhaset flow
pressure sq:%gqs fromdata in the nenory neans when the fluid tenperature
changes, and offsets the output drifts of the upstream side pressure sensor
15 and downstr e&Gs8 e fluvedigramn 6£ths @peratibhof the zeml pointabaectivnt hedns d21 f t
anounts, thereby correcting the tepperature drifts, such that even if the
“fluid tenpéferding i themgsent lpreation o ek Bl egputeaPREMULE duis ARG M ol | ed.

5. Amy@ppar r I iINg {of dari ' ' | . 2,
3 or 4 Anerb iR Akefftie 60 kD) MR | deri9ed FoR eI Tt

"t enper at ur e thedneanarg mead§ 64 cAtrstepomB jthe zehoifointeutpub drifivelsger e is ealedatedt zero
pressure, and the. tenperatur rift correcti means cal cul at gs t he anount
B T he. zer SORLITAING GERUK CENAMAA NS PSR RURES L PEe SRPBTS SeRsET AReliotes e
negatives k@ vaRAS RQs Mveet, RHE atiiéd 50k, 'isf%pﬂé@ﬁﬁééi@oﬁ@ﬂ%idﬁl i3y ting

cal cul ated anmount™ of the zero-point output drift, thereby correcting the

t enper at ur @emprpoint is thgs gorrgotedappar at us for correcting tenperature drift as
cl ai in clai a2 or. 4. wherein the nory means.stores relation
betwebh the. t empiad (e diktent DO oRmatih SER A ORTe Peayoh rgoring
pressure senfRiprakeaEihvéiionaAPitky AT ¥hdERSeMperatuddd i$ MPuREH WdhtedlpotdiRosdRN
output drift is calculated fromthe nmenory neans when the tenperature of
flui d changesep ahdhe pepetaicktagay meagied by therpresserespager 0 ipubjegtadite zpro- added
to or subtr 4 f sensor, thereby
correcting p?ﬁ‘tégﬁtgpr{)ggr}%egﬁ?%%r]?lpét?éa;as%rprg%gﬁeﬁéotﬂagy?gr correcting tenperature
drift as cl ai nedtistepanythefrelativs ragio \ (10 ob dfifirat gssaemperatuga s is dgpinyinsd/si the

wherein a gas is flowed a fluid, and the pressure or flowrate of the
gas i 40 conPass phie rel\a{\gve raﬁo %ata in the memory meang 62 Xt step n4, a temperature-corrected
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FOd09%65& ()-! md0% r& ()-! nd0o%me’ F -13%4.0% 28 () -
394.0% r & ( )ané gerfopnstrearn side pmmm/a?&lsmnit@ntmmemm Yowngitead 99K’ () -

SRR A o
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: lgoo/f;& (% ) Tydl}gsi{%&&} %{%ﬁ r(%gﬁgh (tg e BownsteafiGide ptisiire P, is measured by the

downstream side pressure sensor 12, and the measured value is inputted to the control

circuit 16. The same electronic circuit system and software system as those that are

connected to the upstream side pressure sensor 10 are provided in parallel for this purpose.
FIG. 11 is a detailed schematic block diagram of the control circuit of FIG 10.

15 The electronic circuit system that is connected to the downstream side pressure sensor 12
includes a fixed amplifier (AMP), a variable amplifier (VAMP), a variable amplifier for
display (VAMP), an A/D converter, and an offset D/A converter. This electronic circuit
system is mounted in the input system of said CPU 41.

In addition, the software system for the upstream side pressure sensor 10 is used

20 commonly That is, said software system comprehends said memory means 64 for storing
data relating to the zero-point output drift and span output drift of the downstream side
pressure sensor 12, said zero point correction means 62 for correcting the zero-point output
drift, and said span correction means 66 for correcting said span output drift, both using
these data. The software systems are installed in the CPU 41.

25 By providing such electronic circuit and software systems, and installing the flow
rate calculating means 17 for calculating Qc = KP,"2 (P, - Pz)l'l2 in the control circuit 16,
and at same time by providing the comparison means 19 for calculating the flow rate
difference AQ = Qs - Qc, the flow rate is controlled to obtain a target flow rate. The
operation and effects of the other components are the same as those in FIG 1 and will not

30 be explained further

FIG. 12 is a schematic diagram of flow rate control according to the present
invention using an improved pressure-type flow rate control apparatus which operates

under non-critical conditions. In said pressure-type flow rate control apparatus 2, it is a
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"10ZZH [ [ M \n\adsftoikgHactd4) ZIomOrkOkao (he-flow rate formula The values obtained were m = 0.47152,
n = 0.59492. Using these values, actual flow rates can be calculated with great precision.
In this embodiment, the flow rate calculation means 17 is provided using the
improved flow rate formula. Except in this respect, this embodiment is wholly the same as
15 the embodiment shown in FIG 10. That is, the systems for correcting the temperature
drifts of the upstream side pressure sensor 10 and the downstream side pressure sensor 12
are the same as those in FIG 11, and will not be explained further.
The present invention has just been described with regard to pressure-type flow rate
control apparatus, but it can also be used for the correction of temperature drift (zero-point
20 output drift and span output drift) of the pressure sensor itself. Furthermore, the present
invention can be used to correct the temperature drift of a pressure control apparatus with a
built-in pressure sensor.
Needless to say, the present invention is not restricted to the above-mentioned
embodiments. It is to be understood that the present invention covers a variety of examples
25 and design changes within its technical scope, without departing from the spirit or scope of
the present invention.
Effects of the Invention
The invention of claim 1 provides a pressure sensor that can accurately detect
pressure by providing a temperature drift correcting means by which the temperature drift
30 of the output of the pressure sensor can be cancelled.
The invention of claim 2 provides a pressure control apparatus having a pressure

sensor and a control valve, which can control pressure with precision, whilst accurately
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drift, thereby correcting the temperature drift. As a result, even if a pressure sensor having
any temperature characteristics is used, the upstream side pressure P; can be accurately

10 detected merely by storing the temperature characteristics in the memory means. The flow
rate can therefore be controlled accurately in pressure-type flow rate control apparatuses
where Qc = KP) is used as the flow rate formula.

The invention of claim 4 has a memory means for storing a relation between the

fluid temperature and the output drifis of an upstream side sensor and a downstream side

15 sensor, and a temperature drift correcting means which calculates the amounts of the
output drift of the upstream side sensor and the downstream side sensor from data in
memory means when the fluid temperature changes, and negatives the output drifis of the
upstream side sensor and downstream side sensor with the calculated output drift amounts.
As a result, even if a pressure sensor having any temperature characteristics is used, the

20 upstream side pressure P; and downstream side P; can be accurately detected merely by
storing the temperature characteristics of the pressure sensors in the memory means. Hence,
in a pressure-type flow rate control apparatus where Qc = KP,'"2 (P - P2)"*or Qc =
KP,"(P; - P2)"is used, the flow rate can be accurately controlled.

According to the invention of claim 5, since the relation at zero pressure between

25 the fluid temperature and the zero-point output drift of the pressure sensor is stored in the
memory means, the amount of the zero-point output drift can be calculated from data in the
memory means, even if the fluid temperature changes to any level, whereby the zero-point
output drift of the pressure sensor can be negated on the basis of the calculated zero-point
output drift amount, thereby correcting the temperature drift

30 According to the invention of claim 6, since the relation under any arbitrary
pressure between the fluid temperature and the span output drift of the pressure sensor is
stored in the memory means, the amount of the span output drift can be calculated from

data in the memory means even if the fluid temperature changes to any level under any
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5 fluid temperature and an output drift of the pressure sensor, and a temperature drift

correcting means for calculating the amount of the output drift of the pressure sensor from
data in the memory means when the fluid temperature changes, and negating said output
drift of the pressure sensor with said calculated amount of the output drift, thereby
correcting the temperature drift, such that even if the temperature of fluid changes, the

10 fluid pressure can be measured accurately
2 An apparatus for correcting temperature drift for use in a pressure control apparatus
comprising a control valve for pressure control and a pressure sensor for measuring the
pressure of a fluid, the apparatus for correcting temperature drift comprising a memory
means for storing a relation between the fluid temperature and an output drift of the

15 pressure sensor, and a temperature drift correcting means which calculates the amount of
the output drift of the pressure sensor from data in the memory means when the fluid
temperature changes, and negatives the output drift of the pressure sensor with the
calculated amount of the output drift, thereby correcting the temperature drift, such that
even if the fluid temperature changes, the pressure of fluid is accurately controlled.

20 3. An apparatus for correcting temperature drift for use in a pressure-type flow rate
control apparatus comprising an orifice for flow rate control, a control valve provided in a
pipe on an upstream side of the orifice, and an upstream side pressure sensor provided
between said orifice and the control valve for detecting an upstream side pressure P, such
that the flow rate of a fluid passing through the orifice can be controlled on the basis of the

25 upstream side pressure P;, the apparatus for correcting temperature drift comprising a
temperature sensor for measuring the temperature of the fluid, a memory means for storing
a relation between the temperature of the fluid and an output drift of the upstream side
pressure sensor, and a temperature drift correcting means which calculates the amount of
the output drift of the upstream side sensor from data in the memory means when the

30 temperature of fluid changes, and offsets the output drift of the upstream side pressure
sensor with the calculated amount of the output drift, thereby correcting the temperature
drift, such that even if the temperature of fluid fluctuates, the flow rate of fluid can be

accurately controlled.
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temperature sensor for measuring the temperature of the fluid, a memory means for storing

10 a relation between the temperature of the fluid and output drifts of the upstream side
pressure sensor and downstream side pressure sensor, and a temperature drift correcting
means which calculates the amounts of the output drifts of the upstream side pressure
sensor and downstream side pressure sensor from data in the memory means when the
fluid temperature changes, and offsets the output drifts of the upstream side pressure sensor

15 and downstream side pressure sensor with the calculated output drift amounts, thereby
correcting the temperature drifts, such that even if the fluid temperature changes, the flow
rate of fluid is accurately controlled.

5. An apparatus for correcting temperature drift as claimed in claim 1, 2, 3 or 4,
wherein said memory means stores a relation between the fluid temperature and a zero-

20 point output drift of the pressure sensor at zero pressure, and the temperature drift
correcting means calculates the amount of the zero-point output drift when the fluid
temperature changes and negatives the zero-point output drift of the pressure sensor with
the calculated amount of the zero-point output drift, thereby correcting the temperature

- drift.

25 6. An apparatus for correcting temperature drift as claimed in claim 1, 2, 3 or 4,
wherein the memory means stores a relation between the temperature of the fluid and a
span output drift of the pressure sensor under any arbitrary pressure, and the amount of the
span output drift is calculated from the memory means when the temperature of fluid
changes, and the calculated amount of the span output drift is added to or subtracted from

30 the output of the pressure sensor, thereby correcting the temperature drift.

7 An apparatus for correcting temperature drift as claimed in any of claims 1 to 6 for
use in a gas supply system, wherein a gas is flowed as a fluid, and the pressure or flow rate

of the gas is controlled.



