SPECI FI CATI ON  AUTOVATI C ZERO PO NT- CORRECTI NG DEVI CE

FOR PRESSURE SENSOR, PRESSURE CONTROLLER AND

PRESSURE- TYPE FLOW RATE CONTROLLER Field of the

I nvention [0001] The present invention is concerned

with a pressure sensor, a pressure control device and

a pressure type flow rate control device to be

enpl oyed mainly in sem conductor manufacturing

facilities, chem cal plants and the lIike, and also

concerned wth an au [ poi nt correction

device for the presggﬁgﬁgggégksNthe pressure contro

device and the pressure type flowrate - contro

devi ce whi ch has made it possible that the occurrence
AlLJIOMAd 4G r 4nBat PRINToCORREOTING EEVIGE KIORTPRESSIIRE SENSOR,
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IS preve
correction in the event that a volunme of the change (a

drift volune) in the output exceeds the prescribed
. .set value at the tine when the output of a pressure -
Field ghtwInventiogpasure f1uid pressure changes over tine.
Background of the Invention [0002] Wth sem conduct or
- [000#,, J%&dlf%ﬁﬂﬁﬁ invention ist ¢ancemed witle aipressupe sdusdrsa pressure
manufacturing facilities, it is required that the flow
contre|t devigedand &spiassursf typawflowy astes conirdb elesicpploi bel emigoyed
.controlled with the high degree of accuracy. To neet
mainly,én semigondycter pasufaghringoacilities whemica plartd addvhe dike,
flow rate control devices and pressure sensors to be
and g0 69ucpraed withesn adoinalis desw epdintecortitioh ageadte fdrlthe
[0003] Figure 13 and Figure 14 illustrate one exanple
presgifret ?%'S%g%@resmm cohipol deviteeand ithe presdard type Ww hate
Fi gur'e 13_Oiilt he US Patent No. 5146941), gas pressure
contiof dgyicg whichgws made é phssible that e ocdurienes Bf ardisurement

differential pressure 6 P between
errors on the pressure and flow rate due over-time to changes of pressure

detection values is prevented by performing an automatic zero point correction
in the event that a volume of the change (a drift volume) in the output exceeds
the prescribed set value at the time when the output of a pressure sensor to

measure fluid pressure changes over time.

Background of the Invention

[0002] With semiconductor manufacturing facilities and chemical products
manufacturing facilities, it is required that the flow rate and pressure of raw
gases to be supplied are controlled with the high degree of accuracy. To meet
the needs, various types of pressure control devices, flow rate control devices

and pressure sensors fo be employed for these devices have been developed.
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the inlet side of the orifice F and the throat part
are inputted to a conputing neans C, and the gas fl ow
rate on the downstreamside fromthe orifice is
controlled to be the set flow rate by the open/close
control of a control valve V through a valve
controller VC based on the flowrate Wj conputed with
the said conputing neans and the set flowrate W.
This is what is known as a so-called differentia
pressure type flow rate control device [0004]
Simlarly, Figure 14 (TOKU KAI-HElI No. 8-338546)

[0003] | Figlitedd BEn@ F 4 HRSHER] endbxdhifle O M3 riveRabnal flow
pressure type flow rate control device. This is what

rate ésSntiHBbliedY witﬁwgglﬁé 13 (HO9S PRe NS 14694 1)058s Frakire!
devi ce to be use under critical conditions
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downstream side fromthe orifice under critical

the A0 Side! SNfhel Gifflc P WnB%thaSthrdat PAR! ale'hiBlifed td & éd?ﬁputlnﬁ

pressure on the upstream side fromthe orific

mearts® O WridNthe ”gﬁs!‘%oﬁ ra@ Gnl R §QRHStRanY %io‘éefrym' the orifice is
control l ed by the open/close control to nake smaller
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af ore-nenti oned conputed flow rate Q, thus the gas

through@WVdId Sortfblieh9C BHAMAY tRa Mo rdfe WF%B e@wﬁﬁ 'tﬁ@séfd

is controlled to be the set val ue.
mmﬁdua& l'héhﬁs Gt iR sEEvibweraad dwt herhis ks »@ﬁatdﬁswmdas a

bove, needed that the gas pressure Pi and the

i s
so-cdubh %lﬁmeﬁtm pmg%%, eeel?ﬁmbﬁea{er&mrbh&ewé& ifice are

detected. ToO he pressure, the pressure sensor

[OOOJ]OfSMNaﬁ)h F@%@ ¢ FORURKARHES NY. 8-:3%95?]@&32)t illM@tra%b§%6Er%r

such as a strain gauge and the lik are used are

exanwnéi of Yhd!lcbhi&ftfdnal PRIGIre typBafow o5 &ﬂﬂWﬂ dbliet, - Mhiths

the afore-nentioned pressure sensor to detect the
whati fid BUBIdY RASWA @sPl prdd38rePHpB Ulow At @B bIcdifcIRPEE GisBd

on the " environnental conditions surrounding the

undeB BRI coh@fioX B & afit6X B8), @erein the gas flow rate on the
downstream side from the orifice under crtical conditions is computed as
Qc=KP1 (where P is the pressure on the upstream side from the orifice) by the
computing means C, and the control valve V is controlied by the open/close
control to make smaliler the difference between the set flow rate Qs and the
afore-mentioned computed flow rate Qc, thus the gas flow rate on the
downstream side from the orifice F is controlled to be the set value.

[0005] With the flow rate control device and the like as described above, it is
needed that the gas pressure P1 and the like on the upstream side from the

orifice are detected. To detect the pressure, the pressure sensor for which

semiconductor pressure sensitive elements such as a strain gauge and the like
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tenperature and the Iike. That is, a pressure sensor
pl aced in the.sane fluid pressure mght have a
di fferent output value due to the changes in fluid

* tenperature. [0007] For exanple, with the
afore-nmentioned strain gauge type pressure sensor,
pressure is converted to voltage, and the relation
that the pressure on the horizontal axis corresponds
with the output voltage on the vertical axis on the

are gsRPHreiwidelgulilitddgshed. And, the output characteristics
that the output voltage reaches zero when the

f0008DS @il REsCHESIE RSO that, “ith The ARskelhEntINER Uﬂreé’ﬁ![ré ARsor to
increases linearly along wWith the increase of the
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known that, with the pressure sensor inr

envifchingdhtal Ostriditions hﬁﬁﬂﬁlﬁdﬁpe{t‘leuﬁiﬁont 2% éég ééy'géudw 8s Yis®

in the event that gas Tenperature chan

tempkratrd BRY tROE, 1A i %aérreg{l.gtb%%h%} plabsS iPthe S fi©

to out put have no direct ionIn a strict sense.

presbGQ0 RligHEORSVES a® iffereMl SBLLAMC VRS SSHE G0 YRR Eifthded inD ﬁléig

pressure sensor 1S zero, the sensor output s cal
temperd@Fg® Poi nt output, while when the zero point
changes with tenperature changes, it is called a

jocoEPeF akdmBidd it 1 JFdte-ri&itBned Odtin gﬁ;@g:typﬁggr ssure

tenperature changes of the sensor out

senétéfr'], pra®RIrY i Borf/cfted Yb Solt e‘ﬁ;ac‘JnHQHqufgtﬁﬁPﬁ]%tl#é Egprgsrsh['éu ?gf

e span output. Adjustnments on era

the tgj’ﬁ;'z]@ﬁtapéxié &ﬁre’s%ﬁdé’@hlﬁ‘fhe%{kﬁﬂtvoﬂgg% éﬁ‘?‘noet \geg{i’gi %&ig?‘ﬁ the

rift of the sSpan output are nee
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O 2 e Pltout Phollelion Hat YO TR vehBhe
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pressure sensor, and that the output voltage of t

incre?”s?fﬁr\&a@ly QlitH e e GNnd EBS&QFECBI‘%E&TQ RS §&difedOf
. 0(x102" kPaA) or the gas pressure of at mis
apPPHoRBVEQ itlHMR BESSRIYWh BRESREN the pressure sensor in reality,
the sensor output changes even under the same gas pressure in the event that
gas temperature changes as described above, and that characteristics of
pressure to output have no direct relation in a strict sense.
[0008] Concretely, when the pressure applied to the pressure sensor is zero,
the sensor output is cafled a zero point output, while when the zero point
changes with temperature changes, it is called a temperature drift of the zero
point output, and temperature changes of the sensor output at the time of
applying pressure is called a temperature drift of the span output.  Adjustments

on both the temperature drift of the zero point output and the temperature drift of

the span output are nesded to obtain an accurate sensor output.
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When the gas tenperature changes under this state, it
is anticipated that the output voltage changes from
20mV. As descri bed above, the change is what is
called the tenmperature drift of the span output. In
fact, because of the tenperature drift of the zero
poi nt out put, what changed with the zero point
vol tage (the zero point output drift) are added to the
tenperature drift of the span output wth any given
[0009] ed-stis assunt) fdl exAmpos thatithe Zeralpoirt volthdeis O(VEwithout the
pressure type flowrate control device and the |ike
tempérahesidrift ofithé ercepsint boput bE theppigsea® Sarder, RirSHdt the
P, and/or the downstream side pressure P2 a.flow rate
outpiut voltager off the predstime [seasorng 200 udlenahe aMsbte PreskiRy 6f
are included errors with the pressure P1, P2 when the
1.00010°(hiaA ) o theagss presslireasttdl at AN uppieRPiol e i Essurs SofkR
to the reason that the tenperature change
Whephtheagdsetenticratare\bhaigear dnder tHETRR4E! #'ie aﬁfié:i{)éteefthhhﬁie
zero point output an the tenperature drift of the
outpapesitage tchahge o I20MVIe sl dbsciBe®HbA, theobHiaige iQtvhhhfﬁ

pressure sensor. [0011] For this reason, inventors of.

calleidh ¢hep terapariatiird V@i iopnthB agrard QugdubPeth f8MSRBuse of the
t echnol ogi es which allow nore accurate fluid pressure

tempepature drift (Df tas Wefo poiid tdu@butaMpat 'cﬁﬂh%e’ﬁ Rith ARG Adro Pbint
automatically correcting the tenperature drift of * the

voltager(thepmirdpointibuitpist i) 6eY addiRl thehd® &inberairdlfiitt br Gk <R

span out put of the pressure sensor caused by the

outpaf witleampegive® padstienper at ure changes with the control
circuits or control software, and made them public in

[0010heAT BXgMbivddabdye, MathaR8 bredBRlfpe bWAAE corfteN B dbE Snd
pertaining to the afore-nenti oned the TOKU GAN

- the IiKe. WREHEwAD WG mBiring thO UpshbamAid® predslRY PYEALbY itRe
elimnate control errors on the pressure, flow rate

dowumrt]rebhEsiﬁé presatitesiPng ibwaateSis GCanBolleRIWRER passtndithirbiigHPhn
oriﬁcfa, fhere are included errors with the pressure P1, P2 when the output
voltage is directly converted to pressure due to the reason that the temperature
change characteristics which are a temperature drift of the zero point output and
the temperature drift of the span output are included in the output voltage of the
pressure sensor.

[0011] For this reason, inventors of the present invention have developed
system technologies which allow more accurate fivid pressure control, pressure
control and flow rate control by automatically correcting the temperature drift of
the zero point output and/or the temperature drift of the span output of the

pressure sensor caused by the afore-mentioned temperature changes with the

control circuits or contro! software, and made them public in the TOKU-GAN
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pressure sensor by enploying a conparatively sinply
constituted device, and achieve excellent, practical
effects. [0013] However, it has been recently |earned
* that there are existed not only the output voltage
changes caused by the afore-nentioned fluid
tenperature but also the output voltage changes over
time with a pressure sensor, particularly wth the
pressure sensor which enploys a sem conductor pressure
No.2oo1s39994@. el enment. The af ore-nenti oned changes of the
out put voltage of the pressure sensor over tine haye
c lids NEdA | QoWiRE isford "y S :
{001|k2‘jE TeBhATRES NpéAMRE! Qo laforbSéftHed ftﬁ’el o‘l‘gﬁ@lg%\l

ow pressure (for éexanple, in a vacuumo

No. Z0U1L 399D 10RRAR it %b@éﬁﬁosi?@sar?ﬁgquﬁ?&emﬁﬁ% Shiftfy febrBM

the orifice F. heref ore, ence has not been

on tRY prdse0ke foWi rkfs dife mgsaiﬁgshg f‘foggsuéﬂ 9%6&91.@? ghﬁ%'f the

devi ce which iIs used tor vices t0 sup

st ki BARGRRYGRE SHEILEERE i,

manuf act uring

achiBld BkaAbRL, pidcREAIGAELG L0 the afore-nentioned output

changes of the pressure sensor over time, it may be
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installation o device to cor t hese

with RREHIESSUPY SenddrBhich eérﬁ#l??% %%ﬁéé%n&@éléregregsure sgnsitive

time-varyl ng output dr Fessure sensor
elemlgni tes a rise in manufacturing costs of a pressure
control device or a flow rate control device. Pat ent

L S T
sensor over time have become more noticeable when it is used in a state of low
pressure (for example, in a vacuum of 10™* ~ 10°° Torr to approx. 100 Torr) on the
secondary side from the orifice F. Therefore, its influence has not been
overlooked with the pressure type flow rate control device which is used for the
devices to supply various gases to the process chamber in semiconductor
manufacturing facilities.

{0014] On the other hand, to eliminate effects due to the afore-mentioned
output changes of the pressure sensor over time, it may be possible to formulate
a measure wherewith characteristics of pressure to output of the pressure

sensor are slid for a prescribed volume by installing an additional control circuit
or a control software. However, it becomes a problem because the additional

instaliation of the device to correct these output changes over time (hereinafter

(5



Patent Literature 3: TOKU KAI-HElI No.10-82707 Public
Bulletin Disclosure of. the Invention Qbject of the
Invention [0015] It is an object of the present
invention to solve the afore-nentioned problens with
t he conventional pressure sensor for which a

sem conductor pressure sensitive elenent is enployed
or the flow rate/pressure control device for which
the pressure sensor is used, nanely, (1) that contro

calle® QUERGWHing MSutpd At 'GHt e PleBSHY §ef’?§b‘i‘ %ens%r

deteriorated due to changes of pres ure SBu put

2
manGiRaHgIdsts dfeSprabsdrl@oRf, ft}?t&!c%no?w rzﬁ% Shnirt rq?aglcg. )

that an additional insta evi ce _
Pate?:@L&@rﬁhréheUSfF‘HtSntws?m time-varying output drift

Invites a rise In nmanu acturlng costs of the pressure

Patefi® Mdiaturél ¥ TORU-RALAEP K063 B8 Bl B%ﬂnge and the

l'ike; and to provide an omati ¢ Z€ro
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control devi ce ressure type te contro
devi ce whi ch makes p033|ble that the tine-varying
zero point drift of the pressure sensor is sinply and

DisclsGrd @'Ré Yavehfidd ected without inviting a substanti al
—rlse_(lﬁh_p'm&m‘rron costs by making effective use of a
ObieLESMAE MvehBoglr | ft correction nmeans of the
_IWsETJT'é'TUT‘put characteristics of the pressure

e contr o
00920 5 OB, 0k, S LRI e
problese WAtA' the OforivBRtidHF aﬁé‘ésugé; | BRESP R \ﬁﬁgﬁt %%ﬁ\ﬁédno uctor

ki nds of tests as ow usin
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a pressure type wrate con

B S S A W
flow rate, pressure and the like are deteriorated due to changes of the
pressure-output characteristics of the pressure sensor over time, (2) that an
additional installation of the device to correct the afore-mentioned time-varying
output drift invites a rise in manufacturing costs of the pressure control device, a
flow rate control device and the like; and to provide an automatic zero point
adjustment device for a pressure sensor, a pressure control device and a
pressure type flow rate control device which makes possible that the
time-varying zero point drift of the pressure sensor is simply and accurately
corrected without inviting a substantial rise in production costs by making

effective use of a temperature drift correction means of the pressure-output

characteristics of the pressure sensor equipped with the flow rate/pressure

control device.
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Wth these test results, it has been | earned that,
Wth the pressure sensor which enploys a
sem conductor pressure sensitive elenent, (1) the zero
poi nt of the pressure sensor changes over tinme, (2)
changes of the zero point over tine shift toward the
m nus side without exception when used under vacuum
(that is, the output value under pressure zero in the
pressure-out put characteristics shifts toward the
Means imAckiede the Qbjgc{ 3) the zero point of the pressure
sensor shifts toward the m nus side, and errors of
[0016} e fraentors ofi the presant imaetion hepdato® Waridus hmdeldf&e%%%
for what shifted toward the mnus side (that is, If
shown belowtysirig natlonty s pidsterel gepBbit et Ry é’p%blﬁﬂe doRWBI dbvi ofg
m nus side under pressure zero, .for exanple, towar
and alpressureitypsifide rage ssHtiordedive Rsthiah fid sdrior B b lBieotﬁB
full scale output voltage, errors of pressure contro
analyzecpreasiyre HoGthubthantdsi T aIe\roRSie\sin8BE ove? tithe2 %0 O the
full scale output voltage). [0017] The present

| nvivith dresbaesh plts) R HRAbEES RhrRdy s, Wﬂ"‘fh@d@%ssure

obtai ned from what |earned as above. The presen
sensonweithiempleys & kainfBoRductor Sledkielsdnsitils %f@ﬁ@ﬂ;@g
sure

constituted that, with a pressure sensor to

pointf dfithd ppessssel Bénsdrfmaﬂgé@ Blev@thtags ciwhﬁ%é BPtHRr £535 Pofht

sensor is outputted to the outsid

over &lfne eshife tdwardethes RIVGY sRia! RithoMObkapfioh SwhdH Wsk§ duﬁo%r
the time-varying zero point drift correctl on neans of

vacutiine(tinateis Sthecoutp@svdlue indef prRBLre kéro"Mdfie ! ReSiRirE LTIE
if the afore-nentioned sensor output vo tage I's la ger_

charddberistic¢ Shiflshtowsed tHal MRuwl $ille) Nhds 8)dtheease! pQHt Bf‘?he
judgnent nmeans of the tinme-varying ‘"zero point dri

pressuee 1Isensaroghifte oveard aRd rhinls e, 4 Qﬁﬁfsaéﬂ ﬁ%s&%dé&n‘trﬂps
of the pressure sensor are Judge Wi th

accurabp skifttewnardane gluspidedfor What SHIfled {oRfard HHEIAIRS sidBat iof
the tine-varying zero point drift correction neans,

if thet betput ivalievehifts M@nT ahe Zofd rﬁolrﬂrtharcPfthé hRinB$ &% URder
sensor is cancelled when it is found

pressure zero, for example, toward the minus side by voltage Av equivalent to
0.2% of the full scale output voltage, errors of pressure control accuracy rise by
voltageAv equivalent to 0.2% of the full scale output voltage).

[0017] The present invention has been created based on the knowledge
qbtained from what learned as above. The present invention as claimed in
Claim 1 is fundamentally so constituted that, with a pressure sensor to measure
fluid pressure, the output voitage from the pressure sensor is outputted to the
outside, the afore-mentioned sensor output voltage is inputted to the

time-varying zero point drift correction means of the pressure sensor, a judgment

is made to determine if the afore-mentioned sensor output voltage is larger than
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that the afore-nentioned sensor output voltage is
| arger than the set value and the operating
conditions of the pressure sensor are under the

* operating conditions previously set. [0018] The
present invention as clainmed in Claim2 according to
Caimlis fundanentally so constituted that a
sem conduct or pressure sensitive elenent is enployed
for a pressure sensor, the output voltage fromthe
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presSisted ‘é_bnéclﬁr aE'@ %'{ﬁié‘ﬁ it e Cé?f;rre-erﬁghﬁﬂhed""ﬂb%%{i}aé  condition

i dentica 0 fore-nenti oned sensor

judgitieht Qﬁ?alﬂs” df Whd .rlirﬁf-v d_89 @fn*n{ Yarift &ﬂcﬁeg%\?g?%,gtpe

the offset termnal o he af bf e- nent I one

tme 23 2610 AR Er{ Tk BRRGul Shasle ool O R foup,

ri

that %af?ﬁééﬁ%ﬁatﬁhg@gén%? loh@)?f Ivlsal?a s qgr{gﬁé B‘%@ tt}u(g) %8? \Z%IF% %lng €
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condﬁtl?ﬁlsgir&?éﬁgl sgontrol device equipped with a control
val v or %reésure control and a pressure sensor to
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sensor output ju I me-vary
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operating conditions of ressure sensor

wnv%ﬂé%rhngﬁ%@ﬁeg% BEipht AP etk 980" (it WDreRBSH, Wil jsUdeRal
to the afore-mentioned sensor output voltage and with reversed polarity, is
inputted to the offset terminal of the afore-mentioned amplifier from the
afore-mentioned time-varying zero point drift correction means through the D/A
converter when the sensor output voltage is larger than the set value and the
pressure sensor is under the set operating conditibns.

[0019] The present invention as ciaimed in Claim 3 is fundamentally so
constituted that, with the pressure control device equipped with a control valve
for pressure control and a pressure sensor to measure fluid pressure, the output

voltage from the pressure sensor is outputted to the outside, the

afore-mentioned sensor output voltage is inputted to the time-varying zera point
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time-varying zero point correction neans, the
time-varying zero point drift of the pressure sensor
is cancelled when it is found that the afore-nentioned
sensor output voltage is larger than the set val ue
and the operating conditions of the pressure sensor
are under the operating conditions previously set.

[ 0020] The present invention as claimed in Claim4
according to daim3 is fundamentally so constituted
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presklf 0F . G WBRhAFR, ol et Be, RREmeniobéH itiror”

outofi it O Jerpsh Hiabb rp et L3 Bt i ety Rineiicty Fpine n
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correc i'on nmeans pressure
converter, and further the output for the zero point correction, which is identical

to the afore-mentioned sensor output voltage and with reversed polarity, is
inputted to the offset terminal of the afore-mentioned amplifier from the
afore-mentioned time-varying zero point drift correction means through the D/A
converter when the sensor output voltage is larger than the set value and the
pressure sensor is under the set operating conditions.

[0021]) The present invention as claimed in Claim § is fundamentally so
constituted that, with the pressure type flow rate control device comprising an
orfice for the flow rate control, a control valve mounted on the upstream side

pipe from the orifice, and an upstream side pressure sensor installed between
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sensor, a judgnment is made to determne if the

af ore-nmenti oned sensor output voltage is |arger than
the set value with the said sensor output judgnent
"means of the tinme-varying zero point drift correction
means, and further the operating conditions of the
pressure sensor are judged with the afore-nentioned
operating condition judgnent nmeans of the
time-varying zero point correction neans, the

the riffle il ﬁegkg)rﬁ%f 93!9? itrlg‘lsie ch Léstpe{%ng ?ﬁteﬁ%rggi% P36 ol

v B0 PRI AR TSR M i) A5G
e A5 RA ARb g 85,H BB Sl B B
fouChth Tl A, 165 S W oo
o8 SR P R, B
sonH i 5 S NS5 B ek
a6 B WY SRS S O L e
of thEIHEoAN Y 21 e ! GREFRUFE eGPt GUfREIRT pPeredis
cond B SR e MEBATT  E led b
con BB b BB RSP 5 Vi EB5 Bl mpg e
s 5 S B R SFERS RSR
e Al TR oGP e b TR A e
e G5D4A] SRANGA TR 1B et B8 r 15, S,

4 j mthe orifice, an upstream side pressure
mndggﬂggf&#@?{%ﬁ%ed bet ween t he

{0022] The present invention as claimed in Claim 6 according to Claim 5 is
fundamentally so constituted that a semicqnductor pressure sensitive element is
employed for a pressure sensor, the output voltage from the pressure sensor is

outputted to the outside through the amplifier and is inputted to the time-varying
zero point drift cormrection means of the pressure sensor through an A/D
converter, and further the output for the zero point correction, which is identical
to the .afore-mentioned sensor output voltage and with revered polarity, is
inputted to the offset terminal of the afore-mentioned amplifier from the
afore-mentioned time-varying zero point drift correction means through the D/A

converter when the sensor output voltage is larger than the set value and the

{10)



orifice and the control valve to detect upstream side
pressure Pi, and a downstream side pressure sensor
nount ed on the downstream side pipe to detect

downst ream si de pressure P2 to control the flow rate
of fluid passing through the orifice by both upstream
side pressure Pi and downstream side pressure P2, the
out put voltage fromthe pressure sensor is outputted
to the flow rate conputing neans, the afore-nentioned

pfes§ ﬁﬁ%&?ﬁ%%ﬁggﬁ%t%g?ﬁéégpb% Hé@?’?sef:? | oLhre}eans of the
to02B, £ FreSAF venflon Lk 8o 7 CRUS) T dn e dimphiBle o
constiffa . i 18 shslls S B0 G REPDE ok Rofoetsing an
LR A gt R AL S ———
oo A SR BB B SO oo AR b
oo P AT S5 e Bt .
con gl kST SRR SR 2B S et
cotel APl 5 eSS T 15 RSB S PN passio
ool BRSO o, SBRa  oolB  SGR B
TR R AT e SN
ot b 85 B L B 250 DS S s
e GRBYBIT oM oG 08 P hosfeeh
o B b BIE B A S 5P Bb lTs
Iame?WéA Meegetf valle tvﬂt% the said sensor output judgment means of the
time-varying zero-point drift correction means, and further the operating
conditions of the pressure sensor are judged with the afore-mentioned operating
condition judgment means, the time-varying

zero point drift of the pressure sensor is canceled when it is found that the
afore-mentioned sensor output voltage is larger than the set value and the
operating conditions of the pressure sensor are under the operating conditions
previously set.

[0024] The present invention as claimed in Claim 8 according to Claim 7 is

fundamentally so constituted that a semiconductor pressure sensitive element is

employed for a pressure sensor, the output voltage from the pressure sensor is

(1D



afore-nentioned tine-varying zero-point drift
correction neans through the DA converter when the
sensor output voltage is larger than the set val ue and
the pressure sensor is under the set operating
conditions [0025] The present invention as clained in
Caim9 according to Cdaim3 or Caim4 is so nade
that the set value as a reference at the sensor output
judgnment neans of the time-varying zero point drift

oo 7 B PRt b A Y EREREE SRR
S AP EHHA, ol Y LI A b
con\}e'Pt\éie gﬂmﬂ f@%lsogltégggg} {P»ﬁ%e% ﬁlgﬂng g? L ?\%@ois X IURS
o R ke ?fegg%ﬁa ardd
61 ws‘é?aém%ﬂae? B TR TR AR P
om0 b b G5B e
o333 Yo i g 0 o
ol S b e o S bl .70 0 ST
toozf] L0 erRRE Foaftb et AovaRATY T Bcaskaring o fiaimader
coty W8 00 8 B o Bl e
o e S0, P38 B il L
sl Bl B bl BT S i ey -
contr%Pch,éJnjaapﬁf iz A scale pressure FS to be detected by the pressure
sensor.

[0026] The present invention ass claimed in Claim 10 according to Claim 3 or
Claim 4 is so made that the set operating conditions as a reference at the
operating condition judgment means of the time-varying zero point drift
correction means of the pressure sensor are made up of three conditions, that is,
whether or not a signal for forced opening to the control valve exists, whether or
not a signal for forced closing to the control valve exists, and the set signal for
the flow rate is zero. |

[0027] The present invention as claimed in Claim 11 according to Claim 5,

Claim 6, Claim 7 or Claim 8 is so made that the set value as a reference at the

sensor output judgment means of the time-varying zero point drift correction

(12)



reference at the operating condition judgnment neans of
the pressure sensor are nmade up of three conditions,
that is, whether or not a signal for forced opening to

* the control valve exists, whether or not a signal for
forced closing to the control valve exists, and the
set value of the flowrate is zero. [0029] The present
invention as clainmed in Caim13 according to Claim4
is so nade that a DA converter, through which

meafa! JfARE pfedsufd 'SorkaF BedthéY th‘éosrehgfélt 66{5 { \ﬁ:ltagﬁteﬂufv!a%ﬂt P

the offset term nal of the arrpl ier rom

lesstthER -CORtrYl AUFRS ok Z{FIII scd PEduRY FEERSe dél%{:ﬁa?!ﬂﬂef the

with the.tenperature rrectlon nmeans o
pres2URS§aHsBr.Sensor nounted on the flow rate conputing
nmeans of the said pressure ‘type flow rate control

[002‘%?3 VT8 preSEhiGhvditionPiE %% §¥ ?}néah'lo 12 %o@#dﬂ{gfog Cidim s,

aim 14 according to

Claifr Sélairﬁ't?egf E:L%% @tsEZdbmﬁﬁgYﬁétttﬁé ’sef g&’}éﬂng ‘943#5’ neqs as &,

VO tage or t zero polint correc n 1s ou

refefeite At ieIpdrat &ﬁ"dn%tjﬁe%ﬁn%égds%f thd @s&ﬁ\% sensgr are

t1me-varyi ng ZEro poin correcti o means

mad?@ﬂht‘%%n&ﬂ@ng PGS %’térﬂ??r gq h{){}é s@ﬁélrfspitokr%a c%%%mg 8

pressure sensor ow ra

the &SRy 9113108 ) %vh%?l} ? nﬁtal?a @{gﬁ%ﬁ?}n Works Jl%%%tnfgldg\ﬁ'lé &b ftrol

control devicée VERET R

van@eSRIBRG 1P VEIRI R BT o ISR 4, a5 claimed in Caim

constit e zero point drift

[002%2 ﬂ g h?ln%xgibn%%ﬁ%d% %Eautn' f&eaéc%rdl@ g‘o)e (F%ﬂﬂ \ Lﬁ ng

ment t he me-var

++ maddthdtla B EGREHEF thrﬂﬁémﬁrhlcfa %ﬁacg{eei%v fid 2o Ip%m? EB&.@E} ial

|nprovenents INn pres etection accu

 outpRfi&S WIS GHREP K neg?&le agqﬁ»m’eﬂ 5891 @8 th Somgezqm poing

I nventi on as

... corrddtih rﬁé%sz ?sr 915?’8& Withhb it mPBiatite A otraMibh nfdAs Q:ﬁ'sthe

over :
pressure sensor mounted on the flow rate computing means of the said pressure

type flow rate control device.

[0030] The present invention as claimed in Claim 14 according to Claim 6 or
Claim 8 is so constituted that a D/A converter, through which voltage for the zero
point correction is outputted to the offset terminal of the ampiifier from the
time-varying zero point drift correction means, is shared with the temperature
drift correction means of the pressure sensor mounted on the flow rate
computing means of the said pressure type flow rate control device.

Effects of the Invention

[0031] According to the present invention as claimed in Claim 1, it is so

constituted that the zero point drift which occurs with changes over-time is

(13)



cancel l ed by inputting voltage, which is identical to
the drift voltage occurred with changes over tine of
the pressure sensor and with reversed polarity, to the
. offset termnal of an anplifier for anplifying output
of the pressure sensor based on the judgnent by the
time-varying zero point drift correction nmeans, thus
resulting in substantial inprovenents in pressure
detection accuracy of the pressure sensor. [0033]

candBEQ RBESPRR R jddBoteh pRi(GE Bile-variinG ore Refih it folction”
meaﬁ%e T, Failfing R suStal IR RS i PUsapOtR datecton
es e_sensor_which functions as the basis of
[5?‘33%3‘5%')'@5%"@0?3"&% flow rate control is enhanced.

et RS AR i B R
R PR i Ty SRS Bl
cancB6E B Infitie \DHage. S aarticalsodha BUA uplidomocsured with
cha"ﬁsaeﬁ?féf%# DiprSesUEY Srrtion Ad A eeharpacbelariite the offset
[ f 0035] Furth
termaE Q1R APITGY R SIRIBAE QUPYNS ¢ BreShureciepatRser carthe m
ud 10 an&@glalm 12, the zero point drift can be o
judaragri.Y e ding-VaNifigeZaio it gt cemgtionmeanadyusimsuttiogine
s ROl bt e e
sl ched BT R e 7 ted S
. state of M near - vacuum . OO
incluike. oG RlAy B prastua Snd R rAle s tearkay sbprpreLseR m
DI.A t t |t
“to thp 3pafir, Tl ofessiits ABtsegh 506 AR o6 1< BLeBRa, PHARO" e

n su nner that it is shared

functwrﬂg s theéﬁ?%ﬁﬂga ﬁal:lrg ca;lnfr ttan ow rate control is enhanced.
[0034] According to the present invention as claimed in Claim 9 and Claim 11,

an automatic zero point correction is conducted based on the sensor output
voltage less than control accuracy of the full scale pressure FS to be detected by
the pressure sensor, for example, that equivalent to 0.13% of the full scale FS,
thus always allowing the flow rate measurement value to be maintained within
the prescribed range of accuracy.

{0035] Furthermore, according to the present invention as claimed in Claim 10
and Claim 12, the zero point drift can be cancelled with the high degree of
accuracy due to the reason that the time-varying zero point drift correction is

automatically performed in the event that the environmental conditions
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correction neans of the pressure sensor, thus allow ng
the constitutions of the <correction neans of the
tenperature drift and the tine-varying drift of the

- pressure sensor for the pressure control device and

the pressure type flow rate control device to be
sinplified. As stated above, the present invention
achi eves excellent, practical effects. Brief
Description of the Drawings [0037] Figure 1 is a
surroﬁﬁEng e BlesdliAVsdiboPbndne ﬁ'@é}ﬂ%é)fro@ tﬁgpd?fﬁ?% }éﬂ? na

pressure sensor (a pressure transducer) used

stateB?ﬁéeﬁEar-i\%EﬁﬁW on. Figure 2 is a cross-sectional view
to Illustrate how the pressure sensor used for the

i R e
DA S BHEE B P RORc S e i SJFecf 95 e BTN o

unaer vacuum ure

an argﬂél?igg %‘Tb%@e Mh:{ H\%nﬂéﬂ; l{hgg ﬁg&ﬁ&d%d With tﬁ&fe‘fﬁ%ﬁa@h&e bARY

. e evacuatl on ges over-tine
consGF20 8B b S el 136 TG0 M A RSBk e

cons Wl B, et AR By SRR it f
s LG8 s oSN S0 O Dy i

I nve on 1s nma
conr§ ks 1o ISR LS it A BB

&Q? flgssure of the pressure sensor is made to
excel@ﬁgﬁaté% a F% cycle of O Torr vacuum-0.1MpaG Figure

7 is a diagramto show changes over-tine of the zero
poi nt o ) '

Brief Description of the Drawings

[0037} Figure 1 is a structural drawing of a semiconductor element type
pressure sensor (a pressure transducer) used fér the present invention.

Figure 2 is a cross-sectional view to illustrate how the pressure sensor
used for the present invention is mounted.

Figure 3 is a curve to show changes over-time of the zero point output
of the pressure sensor used for the present invention while being maintained
under vacuum.

Figure 4 is a diagram to show “the difference by the service history
before the evacuation” of changes over-time of the zero point output of the
pressure sensor used for the present invention while being maintained under
vacuum.

Figure 5 is a diagram to show changes over-time of the zero point
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output in the event that pressure of the pressure
sensor is maintained at 0.1 MpaG Figure 8 is a .block
di agram of the pressure type flow rate control device
used for the enbodi mrent of the present invention.
Figure 9 is,, a block diagramof the zero point out put
correction part in the neans to correct the output
changes of the pressure sensor of the pressure type
flow rate control devi ce by tenperature used for the
ment the re i nventi on. re 10 is an
Outp'étxlaﬁgﬁaetvsn ssyte 61 ?}foquwer SET507 Y5 FoT BerRIBE
he .correction of the i nt output voltage and
'ﬂveftth@ i f1adede shange-as 2 grcis Ao (Prbs vereeedTan 2 gure 11
E bl ock, dliﬁrantof the control circuit of th
pr eSOUFe 6 {FpR diagrem F’a?'éw& SHEPgPs Queh-tae nf e 26, oI
resent i nvention, gure 12 is an operating flow
°Utplé¥| "é&? QRYeRt thalPresse 9&?&% W&S%? §epearis magejtochange at a
correction means of the pressure sensor pertaining to
cycle of O(fre s ¥ASUYMOntMRAG.  Fi gure 13 shows one exanpi e of
a conventional pressure type flowrate contro
devfigare g i§uz diagiamnionshayk shasges R¥gRlirae ¢f the zero point
conventional pressure type flow (16) rate contro
outpeip; the evert; thet pressure Rfcthenpiessyrer sengel inumgintgired at
[0038] Pi Gas pressure on the upstream side fromthe
0.1MpaGf i ce A Pressure sensor B Pipe | Pressure type flow

rate control device .
Figure 8 is a block diagram of the pressure type flow rate control device

used for the embodiment of the present invention.

Figure 9 is:a block diagrani of the zero point output correction part in

- the means to correct the output changes of the pressure sensor of the pressure - = -

- type flow rate control device by temperature used for the embodiment of the
present invention.

Figure 10 is an explanatory drawing to show the relationship between
the correction of the zero point output voitage and the full scale (FS) of the
pressure sensor.

Figure 11 is a block diagram of the control circuit of the pressure type
flow rate control device pertaining to the present invention.

Figure 12 is an operating flow diagram of the time-varying zero-point
drift correction means of the pressure sensor pertaining to the present invention.

Figure 13 shows one example of a conventional pressure type flow rate
control device.

Figure 14 shows another example of a conventional pressure type flow
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2 Oifice 2a Oifice opening 3 Upstream side pressure ‘

sensor

Tenperat ure sensor
conputi ng nmeans
Conpar ati ve neans

4 Upstream side pi pe 5 Downstream si de pi pe

val ve 10 Gas supply source
12,13 Val ves 14 Process chanber
16 Fixed anplification circuit

rate tonttd déaiceabl e anplification circuits
converter

20 CPU 21 Sensor

7 Contr ol

circuit 7a Flowrate
7b Flow rate setting neans 7c
8 Valve driving part 9 Control

11 Pressure regul ator

base

List of Reference Characters and Numerals

15 Vacuum punp (17)
l6a O fset termnal
19 A/D

22 Sensor chip

[0038] P1 Gas pressure on the upstream side from the orifice

A Pressure sensor
B Pipe
1 Pressure type flow rate control device
2  Orifice
2a Orifice opening
3  Upstream side pressure sensor
4  Upstream side pipe

© 5 ' Downstream side pipe

. 6 -+ Temperature sensor
7 Control circuit
7a Flow rate computing means
7b Flow rate setting means
7¢ Comparative means
8 Valve driving part
9 Control valve
10 Gas supply source
11 Pressure regulator
12,13 Valves
14 Process chamber
15 Vacuum pump

Qa7
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23 Di aphragm 24 D aphragm base 25 Silicon oil .26
Seal ing body 27 Lead pin 28 Fixing body 29 Hol ding
nut 30 Bearing 31 Seal ring 40 D/ A converter for

of fsetting 40a,40b D/ A converters 40c, 40d Buffers
40e Buffer for synthesis 41 D/ A converter 42,43,44
AJD converter 7a' Flowrate linearity correction part
in the flowrate conmputing neans 48 Tenperature drift
correction neans of the pressure sensor (18) 49

Ti metdy aFixed g@mptificatpaicirbuidr i ft correction nmeans of the
pressure sensor 49a Sensor output judgnent neans 49b

Operifa Offset eardhiidlon j udgnent neans 50 Pi ezo-step-up
circuit Best Mode to Carry Qut the Invention [0039]

Fi rsi7,18 varatloagmplficatib® cré@®ent i nvention conducted a
survey and then

12 A/D converter
20 CPU
21 Sensorbase
22 Sensor chip
23 Diaphragm
24 Diaphragm base
25 Silicon oil

. 26 Sealing body

-27 Lead pin

; 28 Fixing body
29 Holding nut
30 Bearing
31 Seal ring
40 D/A converter for offsetting
40a,40b D/A converters
40c¢,40d Buffers
40e Buffer for synthesis
41 D/Aconverter
42,43,44 A/D converter
7a’ Flow rate linearity correction part in the flow rate computing means

48 Temperature drift correction means of the pressure sensor
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nmeasur ed changes over-tinme of pressure-output
characteristics of a pressure sensor A by fixing the
pressure sensor A structured as shown in Figure 1 to a
pipe Bin a configuration as shown in Figure 2, and by
the inside of the pipe B being evacuated and

mai ntaining in the prescri bed degree of vacuum by use
of a vacuum punp (not illustrated). Referring to
Figure 1 and Figure 2, 21 designates a sensor base, 22
a  g@nsThimesVarping azere PeHNANIFE cBfrebihe nMYaRs Soff e pressure
sensitive elenent), 23 a diaphragm 24 a di aphragm
base, 25semddrcon oil, 26 a sealing body, 27 a | ead
pin, 28 a fixing body, 29 a holding nut, 30 a
beardoaGensér eutparudgmBet Meshs"i gas pressure. [0040]
Referring to Figure 2, a pressure sensor Ais fixed to
t he 40bX0pegatiRdondRionidgtienteheddse hol di ng nut 29.
However, any fixing mechani sms can be enployed to fix
t he 5pr ePjgzs-stepaiSsifcud For exanple, a flange (not
illustrated) for fixing can be used to fix the
pressure sensor A to the fixing body 28. Though not
illustrated in Figure 1 and Figure 2, a pressure

Bestmtb(é\amp@wmﬁlﬁvéﬂioﬁal led strain gauge fixed to the

I nside surface o he di aphragm 23 and having a

[003S]t I Figdt ihPertBR ofithe BidskROIAvAtitionZankiSctB®@h sUARY dMathdsen
al so used to (19) replace the pressure sensSorA having

meadured 'ohahiés obE0INe id grbdiir@odtput 8R4rhbtcHBicPEES HIESUR:
applied to a diaphragm 23 changes by deconpressing

sensbPA By mlinte tHf pidSurdi RsBr AN CRFEP LS IsROWN iR FRRE S0 a
appli'ed to the sensor chip 22 (or a strain gauge)

- pipe BN 8nfigubdtion’ RS shdwi B FiguehRHIRShy thel iRSIde &F B pipe B
voltage from the sensor chip 22, and changes in gas

beingéRishdied] dlid nSintRhiAg iitthe JREER1EE debfee dINVASSHA %E%B%@r
Aitself is publicly disclosed (the TOKU KAI - HEI

a'VadﬁmrﬁLQ{Jlﬁﬁmﬁ iliisadteehhers), the explanation is omtted
erewmth. [0042] Figure 3 is a diagramto show a state

of RBRAGRStO Figlfee! &Rl Fiduee Nt 29HesiBRates a sensor base, 22 a
sensor chip (a semiconductor type pressure sensitive element), 23 a diaphragm,
24 a diaphragm base, 25 silicon oil, 26 a sealing body, 27 a lead pin, 28 a fixing
‘ body, 29 a holding nut, 30 a bearing, 31 a seal ring and P1gas pressure.
[0040] Referring to Figure 2, a pressute sensor A is fixed to the fixing body 28
by use of the holding nut 29. However, any fixing mechanisms can be
employed to fix the pressure sensor A. For example, a flange {not illustrated)
for fixing can be used to fix the pressure sensor A to the fixing body 28.

Though not illustrated in Figure 1 and Figure 2, a pressure sensor A

having a so-called strain gauge fixed to the inside surface of the diaphragm 23

and having a structure wherein silicon oil 25 is not used has been also used to
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pressure sensor Ain the event that the pressure
sensor Ais fixed as shown in Figure 2, and
mai nt ai ned under vacuum (the degree of vacuum 10"5
-10-6Torr) after leaving it alone for 24 hours under
at nospheric pressure. As apparent fromFigure 3, in
approxi mately one hour imedi ately after the start of
evacuation, zero point changes toward the m nus
direction by 0.2-0.3%S (changes are nade for
replagedhe pasEsure sdrsor Alhavingld stacalire shGwnsdn Figlee 11 0 be 100
Torr), and in approximtely 5 hours later, it changes
{0041ur Ghe prassuer 81 applied o audiaghragmt20changed by dEeGmpeassding
then, without it being stabilized, it keeps changing
the insideofithetpiperBn aad diccerdinghnprebsire upplied & thel semsopthip 22
changes is small. The output of the pressure sensor on
(or atstrain/gauge) ahargess thus resytiiginchanges pthe gt vpltzags fremd
2mV is equivalent to 0.1%S (that is, 0-100 Torr is
the seqeonvetip 22, &nd thangest inwgasvyweiage F3i2idtecfed04 Bbciieuthe
4 shows how pressure - tinme, which the pressure sensor
pressp edenstiCAdtsbi¢ i pablizuadigaibsed (the TOKIGNIHEBIVRG. 1082707
stabilization time of the zero point. That is, a test
and sthes),tha explahatiort is dntittedlhéewith. in a state of the zero
poi nt being stable to sone degree by the vacuum
[0042iui Figeneadisa diagtam iosst@ws Btatd 30¢hamges in heceso poinheMhad
a couple of different pressure, and stabilization tine
pressiire tsBasorzZ& irptheodviint that ¢ien bidauoressahsaP Al it fiked abyshown in
mai ntaining it under vacuumto investigate effects
Figurelh tangrrasistaiseccupderivasa@d (bef degres vhoaAIINON0EXxa0Tedrpn
the stabilization tinme of the zero point thereafter.
. after |e2Rihg) it Menea praddciur underzitgiosphetic prBssuregher pressure
experienced is, the higher the initial value of the
zer As ppparent Bomdiglre [3eindagpredmately bad besr ipwadistelyifdter
m nus side after evacuati on becones |arger. However,
“the statteof evezubtipmezerd RolnB@harigusr fowdrt thet inims diswdtiohoby
nearly the sane value irrespective of pressure
0.2~0.3%FS (changes are made for 0.2~0.3Torr when the full scale FS is made

to be 100 Torr), and in approximately 5 hours later, it changes further toward the
minus direction by 0.1%FS, and then, without it being stabilized, it keeps
changing toward the minus direction although the volume of changes is small.
The output of the pressure sensor on the vertical axis in Figure 3 is
expressed by mV, and 2mV is equivalent to 0.1%FS (that is, 0~100 Torr is
equivalent to the output voltage 0~2V).
[0043] Figure 4 shows how pressure - time, which the pressure sensor
experiences before evacuation, influences over the stabilization time of the zero
point. Thatis, a test specimen, which is found to be in a state of the zero point

being stable to some degree by the vacuum maintenance test, is given
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experienced previously. Then, after that, simlar to
the result of the neasurenent test on stabilization
time of the zero point when left alone in vacuumin.
Figure 3, it is assuned that it keeps decreasing ,at a
certain percentage. Tine shown by an arrow in the
figure is tine elapsed fromthe initial tinme of the
conti nuous nonitoring. [0045] Figure 5 and Figure 6
show the results of measurenment wherein the pressure

expdrine8s A hdlingd &dﬂ@bﬂdrﬁ%ni?re%@ BQ@d ?%—lrﬂirﬁ%ﬁ & of the

vacuum degr ée of ~ approxi ma orr

zero((: g@ln@' i o&rﬁﬂuéﬁﬁf nAShitdred C gnlg;g Hﬂzlbp it AN \réé’u

ti nuously ove hours p gure , c? aI SO

inveét té’ﬁ Scts! it | ré’faxpé]}eﬂ%@d Hefifth qavEP.uaﬁ%yg\ %&eﬁ%ﬂ% fhad

€ vacuum degree of approxi nmate

stabﬂ'géﬁ tﬂnéoﬂ-@{g Erd BGhEthbRia fﬁgp seconds) is changed with

regularity an cont1 nuousl'y over 5 hours per day

[004“; ﬂyrarpgg}enttfm I{/éd}?'t@gmhhﬁigfi&ag %ulen #gﬁ‘rs 5(1_95 the

specti vel er the

hlgh%ﬁﬂ% ﬁﬂ?gfue(gf tﬁéqferoﬁ)g ?§%I[|\H hd F&g &g ?c?gﬂdgs tOR8rd the

over 4 wee

i M SRk LR L AORR, STl B 4550
o 8, 5888 131 o 5 5, e, g par e

expetngﬁ(é%c{e r@'ﬁﬁ%g% 47]r'ﬁ"_E'Jgual‘fé:I *lh sn]ntffﬁls tBO\fWé dess0ff 5 riHé

e changes over -

meabitelldht &8¢ S thbﬁ]%at%ﬁttfmé f{ﬁetféﬁ? ygﬁ{;‘vbetﬁ Eaglé arl&lﬂ-‘?m

pressure sensor I'S COﬂ I huous

VaCUBFTIe%ELﬁIglﬁ'@tQOH R asintdafat | L kt%]ezasf Siéa‘gagingtatcﬁaegfaﬁn ,

ero poi nt occurs wt anges
e A5 B 4 BGH T
initial fA5 4P ihkSontifudu® rhaMfing.
[0045] Figure 5 and Figure 6 show the results of measurement wherein the
pressure range of 0 Torr (held for 15 seconds and with the vacuum degree of
approximately 10°® Torr)~60Torr (held for 30 seconds) is changed with regularity
and continuously over 5 hours per day (Figure 5), and also the pressure range of
0 Torr (held for 15 seconds and with the vacuum degree of approximately 10®
Torr)~0.1-1MPaG (held for 30 seconds) is changed with regularity and
continuously over 5 hours per day (Figure 6), thus finding the changes in the
zero point respectively after the lapse of 5 hours. The measurement of the
changes in the zero point was conducted over 4 weeks at the interval of

approximately one week.

[0046] Apparent from Figure 5, it is found that there occurred some changes in
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- {0049

that there existed the bel owstated events on the
changes over-tine in the zero point output with the
pressure sensor A which enploys a sem conduct or
pressure sensitive elenment (a:transducer). [0049] 1.
Wth the cycle test of vacuum nai ntai ni ng,
vacuumd*60Torr, the zero point keeps changing toward
the mnus direction. 2. Wth vacuum nai nt ai ni ng,
prom nent changes are shown in the initial few hours.
the Zéro pbiotigh0.2 i Peverant ageksf change decreases with the
| apse of tinme, it is found that relatively |large
chawgitistharres@BinFigute BNt id 4158 fohd MAERaMERN tfhe Léro point
returned to atnospheric pressure or it 1s evacuat ec‘1

remaii Withini 0.19%FS tBward theaniplidiRe@®onbei Ng  pressurized to
0.1 MPaG 4. Unevenness is seen in the vacuumd 60Torr

[004T)y CFiguie B tshoWb the PERged bvdrlinh® i the i&étpoﬁmeodfﬁﬁt”iﬁ%@f

changes is larger than that in the test 'of vacuum

event Bl tAE Nir8&ure AbhSdr A e coRMRBUS Iﬂéﬁ? ui’i@&kpre'b%r.lﬂtz%g?ﬁ ypd

that sone are out of 0.2%S. 5.1t IS assune

0.1MPaG S 6 @RHhkS clRindes IVIRC 4B it dREbGE vglgrﬂhe Vo§mé 9F ©

poi nt (22) does not change with this nu

chan§&&Ress tharpd HUF SRIWH@HY figs siih. | S al so under st ood
that there are not big changes when it is in a state

[0048]f FAbrPGRNSS r@sulwmmﬁf@@@io ﬁag.g?taﬁguéivé% iCRIDGSH

over-time in the zero point output préssure

that th&RSEMistéd afe B1GWAEEY B¥énts bR YR ERInYel ove AGmB it &RNT

i nventi on have created a neasure to autonmafica

y
zero POt Sttput MALHOMR! prebélire Cs@ﬁg&eﬁ WIE:UI'{ B@PE%E%% E%Eﬁmﬁ@&or

only of the pressure sensor

- pressRfFESEWIReCABER (aAfafisBfcatd (he pressure type flow

rate control device which enpl oy the pressure sensor

1. With the cycle test of vacuum maintaining, vacuum&60Torr, the zero point
keeps changing toward the minus direction.

2. With vacuum maintaining, prominent changes are shown in the initial few
hours.

3. Though the percentage of change decreases with the iapse of time, it is found
that relatively large changes are seen in the initial stage when it is returned to
atmospheric pressure or it is evacuated after it was put in a state of being
pressurized to 0.1MPaG.

4. Unevenness is seen in the vacuum&60Torr cycle test.  With some, it is found
that the volume of changes is larger than that in the test of vacuum maintaining.
After the lapse of one week, it is found that some are out of 0.2%FS.

5. Itis assumed that from the results of 0.1MPaG maintaining test, the zero point
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[0051] An automatic zero point adjustnent device to
correct changes over-tine in the zero point output of"
the pressure type flow rate control device according
to the present invention is:explained hereafter with
reference to the drawings. [0052] Figure 8 is a block
di agram of the pressure type flow rate control device
by maki ng use of critical conditions according to the
present invention. Wth the pressure type flowrate

does it BhartRy iviith thist Aich! BMS&?&Z%&EE maitsRigd Wit {%e glso

Q=KPi and the nmeasurenent of pressure Is conduc
i ol Rerg B 90 Sl NASTALE 1515 G dlierb,
presk@re. be supplied are under critical conditions, that

is, the flow velocity of fluids flowed out through

. . . _ |
oSt 084 o orghobd ey B TP AREIN Rt Btsblt”
. ; Lo Y . 4
sons £ WA R el oot RO 5 LR o°
mea§58° o BUcAIGTRAGE e o3RS cpnd s i ot
only b@%ér&*@s&:‘é@éﬁgr gdn Bgf‘gl%? of tl?f@b@slshl% clgc?"f{fsog'd'é\lfi‘ézg %nd the

centering arou ronic cCircu

pres&id e RAPHE coRf] By uric SoBlog e PlosSgRPLanaEPA ™"
T e
P Ao 5 gy OB
the prEYERRIM chitsh .is%‘iﬁlgmfa"ﬂeﬁ'@ﬁf%ﬁp Qﬁt{'nterg{e%%rﬁgl tohdd wings.

conparative nea c to co oW ra

0053, GBI b Bt o 0l PEUIEN, S g

- by mBGh§ Uké B%ﬁtﬁaF&&M&ﬁﬁ acé&dﬂggét) gﬁ?&@%@ NEHiBHP Nv{tﬂ the

source, a pressure regu val'ves,

pressUr® BpESiic AT €bnfdl Helite® , YRS HUW BIR expressed with Q=KP
and the measurement of pressure is conducted only by the upstream side
pressure sensor 3 due to the reason that it is based on the prémise that fluids to
be supplied are under critical conditions, that is, the flow velocity of fluids flowed
out through the orifice 2 is that of sound. The pressure type flow rate control
device 1 is equipped with an orifice 2 which forms an orifice 2a, an upstream
side pipe 4, a downstream side pipe 5, an upstream side pressure sensor 3, a
temperature sensor 6, a control circuit 7, a valve driving part 8 and a control
valve 9.

[0053] A control circuit 7, which is constituted centering around an electronic

circuit, a micro-computer and a built-in program, comprises an electronic circuit
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[ 0055] Pressure P2 on the downstream side fromthe
orifice 2 is set considerably smaller than pressure
Pi on the upstream side by evacuation using a vacuum
punp, automatically to hold the critical condition of
P2/ Pi < approximately 0.5 at any tinme.. As a result,
the velocity of the gas to flow out through the
orifice opening becones that of sound, and the fl ow
rate Q passing. through the orifice 2 is expressed as

o Sl g 0 PR 80l ko e
o, T 504 A e SHRUS 7L g
oo il A S B Rt g TS
ot il AT tor 0 ot BT 4 Sd 50e
onel BT 5 Rt b ST 1o S0P

dH‘EaSl’tliled b he tenperature sensor 6 so that the gas
and Meqift 89 @€a9%-out of turbul ence. When both the gas

0sF R e € TR B S S S A T pprossure
roou5, 495 G P k0tsEn Shot b5, LTS € SanSiy Do o
0475 SRS 1 o B sl BRI 2 gt
consihbtl e S Sl Sl b SRR, S Sk bimg
o VSR TR W RHCRY S SR SRS
o BB RS SR koS ee B S
‘ throu%?nsihé %%Hqcesti)geeriing becomes that of sound, and the flow rate Q passing
through the orifice 2 is expressed as Q=KP1.
[0056] Pressure P1on the upstream side is mea;sured by the pressure sensor 3.
For the accurate measurement of pressure, the sensor part of the pressure
sensor 3 is brought' into contact with the gas flow. Furthermore, the sensor part
is designed to be minimal so that the gas flow can stay out of turbulence.
Accordingly, temperature of the sensor part becomes equal to gas temperature
T.

Gas temperature T is measured by the temperature sensor 6.
Temperature in the proximity of the orifice 2 is measured by the temperature
sensor 6 so that the gas flow can stay out of turbulence. When both the gas

and the orifice reach a state of equilibrium, thermaily, their temperature becomes
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The set flow rate @ has been inputted fromthe flow
rate setting neans. 7b and thus, the flowrate AQis
conputed with equation OQ=Qs-Qc by the conparative
means 7c. Conputed flowrate difference OQis
outputted to the valve driving part 8. and .the
degree of opening of the control valve 9 is adjusted
to make tQ zero. Wth the opening adjustnent,
pressure Pi on the upstreamside fromthe orifice is

equaYathﬁa%% te?efturet 8t'the tﬁ‘ﬁ" c{?l & B@Rﬁeé&:%g%@latb%fi trqa

conput e bt al ned w equation
gas. control | ed to be equal to the set flow rate. [0058] As
stat ed above, tenperature of the sensor part of the

[005H" efst%%@resls ’ gnp%ﬁeémds? d %nHGiPﬁ?EPJturteoT %ff‘sthe > dps are

t"enper at ure errpera ure o e sensor

vrowfgﬁgeggﬁ%snﬁ%%% USR5 S S RLM s
oo ARG g RS ot o
meaégqf? %3:?8@&3 ?zttl Lot f:%\oq}] k% S%rgngﬂttggg &V'qﬁa% tgﬁlgg\'ag'rrég
"o 66 BRI ke O, 018 AR PSR,
s M el P PARSH A BES P T LoTocr
oA BT o 5, B G o
7o Y 1 R e B s LB TR b A 056~ 6L 955
%Iﬁ,&[\,% rﬂ?ﬁﬂé?@ed tenperature W|th the pressure type

e control device. Referring to Fi gure 9,

o oinpilfie RWiate fireleiBe AL Yl BR16 fhelapd arying part
oo 58 T B M ST rep e
with tHEPSBdrREY A8ubthfnt ifeéire P+ on the upstream side from the orifice

is variably adjusted, thus the flow rate Qc to be computed and obtained with the

com

)

equation Qc=KP1 being controlled to be equal to the set flow rate.

[0058] As stated above, temperature of the sensor part of the pressure sensor
3 is made to be equal to gas temperature T, and temperature of the sensor part
of the pressure sensor changes as gas temperature changes. And, the
pressure sensor 3 has temperature dependency so that the output voltage of the
- pressure sensor changes as temperature changes. Accordingly, the pressure
type flow rate control device according to the present invention is equipped
with a device to correct changes (drift) of the output voltage caused by

temperature with the pressure sensor 3 as shown in Figure 8.
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t hrough the nediation of the A/D converter 19. Cutput
of the fixed anplification <circuit 16 is outputted to
the other variable anplification circuit 17, and

» output of the -variable anplification circuit 17,
which is output voltage, is displayed on the digital
panel as pressure Pi on the upstream side. [0060]
Assuming that 100 nmV is outputted at the tine.. when
the afore-nentioned pressure sensor 3 perceives

ak.-
G 5 e Pl Slodk o B B ol pBrtfePbrn

mnéﬁlbﬁoﬂe\ﬁcé’ﬁfﬁg%e@lufop% déﬁ'héﬁthf Wg: 1816 S96u St%l Mhét is,

.86 V when pressure PIont upstream
utp® I Y,
© prgggﬁ%éeﬁ’i%%rg%trswe (ﬁ{]ﬁgsﬁﬁ’a?(@% 'ﬁ age 4&‘3%@%&/00?'%&

ey S ST Yol BBl Egc‘%%eif“‘%'?&%ﬁe%f’@hﬁeﬁémfe
with the B resgﬂfgﬁg%éaﬁ(gw,m@ c?:illﬁ'oltl%%?c%f anplification rate has

been real maki ng imes with the

?ngéf%\r/a“ a e anp X?ﬁkg %édeegl %fd@%%r&ﬁlu}%u% rl‘['%%Ttabse

amffed, 08 LODRESHL(BRRTY o8 5 6607 Mo RGPl Y5t e
varidbfe Sﬁiﬂrﬁc%gﬁag:g% ‘Iftn re%%;%%oltta ERPIsAh Mtk s@ tbét({.P@?ﬁ%

out pu an glven pr

thro th8 Iniatiti it he AT BBSRRHY S, d() tof RS ti
n Jed mplifiegtion

or e- ment 1 oned zero- poi outpu tenper
s A W 6 I S S, ol I
the v%‘ﬁéﬁiepéihﬁltffc%i;iﬁrpﬁcﬂrﬁf 'iszlcTHJ% tbtft%tt%\%e IQESB{a@?d on the

converter setti'n

S e AR B B e, o L 17 o
[0068152, ASURE® thfle 188" MPOIN ot at the time: when the
afore-mentioned pressure sensor 3 perceives absolute pressure P1 = 7
atmospheric pressure (that is, 7x10° kPaA), output voltage V of the pressure
sensor 3 becomes output voitage in the range of V = 0~42.86 V when pressure
P1 on the upstream side is controlled in the range of P1= 0~3(x10% kPaA) by the
pressure Sensor.

If the maximum voltage 42.86 mV of output voltage V is amplified to the
full scale of 5V, the amplification rate becomes 117 times. With this
embodiment, a 117-times amplification rate has been realized by making 100
times with the afore-mentioned fixed amplifier 16 and 1.17 times with the

variable amplifiers 17, 18.

f0061] Output voltage of the pressure sensor 3 drifts with temperature changes.
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- converier ¢

drift voltage zero. As a result, changes (drift) in
the zero point output have been corrected as

ef fective input voltage becomes vo+(-vo)=0 even when
output voltage vo is inputted to the fixed anplifier
16 at pressure zero. [0062] The afore-nentioned DA
converter. for offsetting conprises a DDA converter
40a for coarse adjustnent and a buffer 40c, a DA
converter 40b for fine adjustnent and a buffer 40d,

omq@,%gapé’é‘g (i 208t Hiesalfe Bumlied aers orLodgh: ey

an he zer oint output drift Db
dnﬂ-aalpff ulgR changds (el tindes Ry aleropreseyrey Saligd ary pytout
whi ch tgﬁ zero point output drift voltage vo is
temperglre dift- 1o the offset terminal 16a by the circuit
for coarse adjustnent and the circuit for fine
adj Mﬂ’l’e‘mﬁﬂw ¢ geiat ngtegip%ﬁtﬁfea% Er‘?”’&f"@% t?’:’g
to s owthe rel ati onshi p _between the correction of
adjustinghipe 6@?‘?’@'}@ 1Pa efdhe Bixed gypplifier d6t pGengsialy garastion
the setting of _the full scale FS. Pressure Pion the
of thg7ere eaipt evigut drft !§HSﬁlf¥eérPYtth% /A cepygriegforoffselfing. That
out put voltage v _of the pressure sensor 3 and pressure
is, whentiieut\valiage Yeindicatessd icertaifpyalug &yo atgthe dimg, glipregpure
the vertical axis. The pressure range is nmade to be
zZerop; —@ ispnpyttadte &hﬁeofﬁﬁk quliﬁ%ﬂﬁéstﬂ @ake the, gerot ppintoytpyh
3.0(x102 kPaA) . Now, when gas tenperature T is
drift Y@tager?@r%a%% Fesih ﬁhuﬁngm(@fﬁaén e %eﬁ‘é D@@hgw kave heen
40.8 nmV at the zero point drift of vo =-2.0 and the
corregid AgneifRcive (prut M&ee[leﬁmmesm£ Va)'Go?‘feé'dWhPH eoyfput
connectlng vo and vi in Figure 10 shows the _
”-'VOHQQ@rFﬁé? 8Py %dtqqt&faa"%@*é@rru:ﬂfﬁ%rs%af RIAESUSP 88®yr & sensor 3. °
when -vo is ?6) ed to the offset term nal 16a,
/f\héo

) [006% Theoioee-pamiongd nvg(iat ifei offeattiog \comasises 1 D/A
maki ng the correction fromvo to zeroeISan arr ow a@) As
3 (ipr coarge, adivainaent awtapevffw&%@ Ay cqrieriandPiinn
pressure Pim al so becones vo+(-Vvo)
fine adjustment and a buffer 40d, and a buffer 40¢ for synthesis. As explained
herewith, the zero point output drift is corrected by canceling the zero point
output drift by means of applying the zero point cormrection voltage —wvo, for
which the zero point output drift voltage vo is reversed, to the offset terminal 16a
by the circuit for coarse adjustment and the circuit for fine adjustment.
[0063] Figure 10 is an explanatory drawing to show the relationship between
the correction of changes (drift) in the zero point output voltage and the setting of
the full scale FS. Pressure P1on the upstream side is shown on the lateral axis,
and output voltage v of the pressure sensor 3 and pressure voltage V of the

variable amplifier 18 is shown on the vertical axis. The pressure range is made

to be P1=0~P1m, and the maximum pressure is made to be Pim = 3.0(x10? kPaA).
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=40.8+2.0 = 42.8 nmV. Accordingly, the output of the
pressure sensor 3 is corrected to 0-42.8 nvV with the
zero point drift correction. The tenperature
characteristics after the correction is shown by the
dashed line a" [0065] Next, the full scale setting of
the pressure sensor 3 is perfornmed. Wen the out put
of the pressure sensor after the zero point adjustnment
is O-vi + (-vo), that is, 0-43.8 nV, it is set to the

'No%'ep%%%h%mﬁ%aﬁ@?ir 7t hg ;a%?r'rr%ﬁaﬁﬁ%ﬂt&”e&f@hégén%%
[ 1.17. . , 2-S]
vi= W aliRp Jfro Bpn juft Sy Sr AR yband e pragsure

P correction is shown by the arrow 6. [0066]
m-accor di ngly, the maxi num voltage Vm becones

oY s e e Sn R e hebes  ©
tempgE{yi ‘Ghiaslarstivt. ot | BZPSUIBORRIPET oh, NSTE( TURRA 1@ s
- appliegior BA OTRE muTR) D% HebgrasRs DiTM A Bt eaHAtomHen(—
vo)={ oyt s LecFRsTaoton e v ARrOHRR ATMS). A5 (6 Fosult
the SEESALRILBA Yoo A PATRHBU BispS R pelsapePmsEls+ - v
=40§§€2§$ 3%{421 . glArtlzgglz H}glé\tééiq; Sowg;grgfgﬁgggprtgg%}rgtsg%sor 3 is
- comgg i D44 gm¥ et it SorsBgtn 85 farBperature
cnar b RS oS ok kgt et o, L1e
o0obP KA Bt LSSt o s itehe fhnop gt
e S GS St S LA 8 e S
(~vol R b . of Rrst 16 e ol Seat 50" Thafisto Brnpiy 458
mV to 5V, the amplification rate of the variable amplifiers 44, 46 is made to be
1.17. As the result, the 2-step amplification rate is set at M=100x1.17=117.
This correction is shown by the arrow 6.

[0066] Accordingly, the maximum voltage Vm becomes Vm=(v1—wvo), and the
output voltage v of the pressure sensor 3 at any given pressure P+ is amplified to
V=M{v—vo). The solid line C represents the amplified output V. For the critical
condition, V=a({To)P1 is represented by the solid line C. The proportional
constant a{To) shows the proportional constant when gas temperature T is To.

[0067] With the explanation on the afore-shown Figure 9 and Figure 10, it is

known that the zero point output drift of vo=—2.0mV is caused by temperature
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the zero point output drift caused by the changes
over-tinme, the correction neans explained on Figure 9
and Figure 10 previously and its relation with the
setting of the full scale (FS) becone applicable, as
it is, to the correction of the =zero point output
drift cause by. the changes over-tine. That is, it can
be grasped that the straight line a° with the
afore-shown Figure 10 is the tine-varying

ma@é@?‘ﬁsr@*fﬁt Reoindly; Bittuntefhtodd e f@ﬁé 6'9%* ine
reprsdfts W B AEISLORS i’fﬁ{ St Bt ettty dehSor,
and “feai'ftﬁ%&b‘d"ﬂ%ﬁ et i b RIS LR gre atins ptbe Bt v

af ore-shown Figure 3 to Figure 6 inclusive is
Ofths:%"wggr herewith. The Iapse of time and the vol une of

ol 20 LT b o
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mean sXainel ooy il & 3nd e 0 eVt ad 8 etien wihdhe
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coro R bYPLE ot e 2R P e >, 2700 00 1
out Bt df&lc%taé’ee WW@%@%@? 'ﬁlngcazqw%meeﬁiore-ﬁaown
FiQ“%é%% éhég é ' _ (..@ttenst;ﬁr(]:g cgf tﬁg c\ml\lﬂp& v 0? tIulaJ lplresss%?tla ©
sensor, and that the straight line C is the time-varying characteristics of the
output V of the amplifier.
[0069] ODetailed explanation on how to measure the over-time output change
characteristics of the output v of the pressure sensor 3 illustrated in the
afore-shown Figure 3 to Figure 6 inclusive is omitted herewith. The lapse of
time and the volume of changes (drift voltage vo) of the zero point output of the
pressure sensor 3 are measured by making the pressure inside the pipe B,
wherein the pressure sensor 3 is assembled in the shape as shown in Figure 2,
pressure zero {vacuum 10° ~ 10 Torr), that is, P1=:0(x10 kPaA) by use of a

vacuum pump (not illustrated), or the lapse of time and the volume of changes vo
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The line of the PT output O nV shows an i deal
situation having no drift. The curve represents the
zero point output drift actually nmeasured. The drift

*  differs depending on sanples of the pressure sensor.
However, as stated ;above, it will be approximtely
0.2-0.3%S (vo=4-6.nV) after approximately;1l hour; and
approximately 0.4%S (vo=8 nV) after approximately 6
hours, and the zero point output drift voltage vo is

ot 581 o BlFoto sl L 48 e st
v BRI b P B AR i "o
0078, i Mo, A 457G o RaR R o
g B AT e oD po BTG Y e
coar BB bt e . T
s shplifi o B Wt e iynfe volfadkc o0 iR 2o et output an i
shou L GE O 451 TR bbby S e R gore
o0 By TG T 5B R b o oo
e i 5539, LR R B B 5 S
g BRLSRbIE Pl 4 o0 R
core e UEHE5eSie bt b on SEAATTt Sot
ve iR 20 SR P85 i 08 SRR PR
approixﬁ'nétgly%s.tf%F-IS-%oS:Brrrﬁepg’ftetr I%%meimately 6 hours, and the zero point
output drift voltage vo is applied to the offset terminal 16a of the fixed
amplification circuit 16 in the afore-shown Figure 9.
{0071] With the present invention, it is made in such a manner that when the
time-varying zero point output drift vo of the pressure sensor 3 becomes larger
than —0.13%FS (that is, the zero point output drift vo of —2.6mV), an automatic
zero point adjustment of the pressure sensor 3 is performed by applying the zero
point output drift vo to the offset terminal 16a of the fixed amplification circuit 16
shown in Figure 9.

The reasons why the afore-mentioned —0.13%FS is made to be an

adjusting reference point for the time-varying zero point drift are that, after the

result of the basic tests shown in Figure 3 to Figure 6 and others, it has been
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there is no chance that the output voltage v of the
pressure sensor 3 is on the mnus side. Accordingly,
when it is judged that the output voltage v of the
pressure sensor 3 is on the mnus side, it is. known
that the pressure control device is not in use, and
that no gas is running. [0073] When nmai ntai ned under
vacuum it is certain that the tine-varying zero

poi nt out put voltage drift of the pressure sensor 3 is

I e_nj ide. Therefore, it is understood
toarrfb EF 4B 20rdo bl 8l Yo $Bin ool Ebrlowerb e, e Sbacfim
mmefr near - vacuum (of the order of 10-2 - 10-6 Torr) if
he output drift v of the pressure sensor 3 is found
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3 el hetld 6%, boleP Shat bes pressute Bas awavsdqen-arplieddpde
or _not. #;’:’H s And, in case,that it is found that the
pressiire sapsqf 3 Wil agpreppure fopliel device isdpusey c dbigsmeanisthat
val ue, the justment of the zero point drift vo is
there, it shAnG 55P (8 LBl uBtags ¥ of THePBeRor<80E0RAds 8n fhe 1
. i s.judged Hnat t he adtj_us,t nt of the time-varying zero
minus 5idg dqepflnagiy. wRerh it Jraed, 8178 he puteut alagp of of the
_ %1007613 Figure ]t% is a detailed block diagramof the
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. explanation is omitted herewth because a pressure
: dewc?égg‘glrmé'?eaarquwégln%ﬁﬁ [SfUBRINGG, variable anplifiers

[0073J[ 7’W%c§r1 maa?ntf'%gd under vacuum, it is certain that the time-varying zero
point output voltage drift of the pressure sensor 3 is always on the minus side.
Therefore, it is understood that the pressure sensor 3 is maintained under
vacuum or near-vacuum (of the order of 102 ~ 10 Torr) if the output drift v of the
pressure sensor 3 is found on the minus side.

{0074] Accordingly, by judging that the output voltage drift v of the pressure
sensor 3 is on the minus side, the adjustment of the time-varying zero point drift
can be performed anytime because it tells that the pressure type flow rate
control device is in a state of no use, and the pressure inside the pipe is
maintained in near-vacuum.

[0075] Next, a judgment is made to find if the output voltage drift v of the

pressure sensor 3 exceeds the afore-mentioned set value (v=—0.13%FS) or not.
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converter 19, a DI A converter 4 for offsetting, and
the like are the sane as those shown in Figure 9.
[0077] The control circuit of the pressure type flow
rate control device is also nearly the sane as that
in Figure 11. The only difference fromFigure 11 is.
that the gas tenperature part (not illustrated) is
nount ed on the output side of the flowrate linearity
correction part 7a" in the flow rate conputing neans,

And3iR%ab8 that iSRS tHAGKE SLif Hﬁ{ﬂ gg)lf %a*rﬁ%&%g‘ gtglﬂ §or exceeds

tenperature sensor 4 1s Inp
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conveRE; 18RI ForySTEE for FrsRRPRESHE 1k P BRene e ipet”
shomgﬁlﬁgﬁ@fretghe set value (- 0.13%S=-2.6nV) (a sensor

judgment neans 49a), and an operating
toor FEEhe pafted R O s RS2 Rt bV R ce! Govice ix.oe,
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temp‘éfétﬂ% Mc:tio‘cn &8”{3“&% qhe %é}qurla?u?'e sensor 4 is inputted to the

gas temperature correction part.

With Figure 11, 41 designates a D/A converter, 42, 43, 44 A/D
converters, 7 a control circuit, 7a a comparative circuit, 20 a CPU. 7a’ a flow
rate linearity correction part in the flow rate computing means, 48 a temperature
drift correction means of the pressure sensor, 49 a time-varying zero point drift
correction means of the pressure Vsensor. and 50 a piezo-step-up circuit. The
control valve (not illustrated) is controlled for opening and closing with the output
from the said piezo-step-up circuit 50.

[0G78] The time-varying zero point drift correction means 49 of the pressure

sensor is equipped with a means fo judge if the input value v from the A/D
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when it is confirnmed that output v of the pressure
sensor 3 is nore than - 0.13%S by the sensor output
judgnment neans 49a, then voltage for the zero point
adj ustnmrent (vo=2.6 mV), which is equivalent to

+0. 13%S, is automatically inputted to the offset
termnal 16a. of the fixed anplification circuit 16
fromthe D/ A converter, thus performng the automatic
zero point adjustnment by the drift output (-2.6 nV)

conVEfigh Y3, @tbedt tha R R LT OADREST 2y la Retpdrputout
judofyBf fden nop 303 o on Bt toryie B st g 408 o judge
sithef & Shoaet iR At BRGNS REF 8ok R oot
settif phEHL bl e T RES Mriiinel e olpyincr e that s
(1 W0 Btoride OREAGR ey Bk o\ o, T B o
Wﬁ%g[ SRR i%ﬁ%&‘éﬁé&sﬁgm&%ﬁv
Js_o_l : IS made_io. eterm eif,.Vc or Vo
than Sho4PS VEHIRY < aénspr pripbfydibas VRSB o v o
wher, 138 e ot il Ao, of s regsut, sonech rere .o
0.135F5. 8 e, Snsor Gpil Bdgen eans gy Hhed g it 5o
point e n v © P ED B Soval RO WiERS( eutomaticaly
“inpufe P leat st dBa e the Bl Ameltinaten Ereut Ap Jupre tha
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condi ti ons. However. ther
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the phlsbliSsdHeEE BUAS cERPhfce Lo be used under

[0079] Figure 12 is an operating flow diagram of the time-varying zero point
drift correction means 49 of the pressure sensor according to the present .
invention. With the step m+, output voltage v from the pressure sensor 3 is
inputted. With the step mz, the input signal Vc for forced opening, or the input
signal Vo for forced closing, is inputted to the control valve 9.  With the step ma,
a judgment is made to determine if the afore-mentioned v exceeds — (.13%FS
(v=—2.6 mV)ornot. With the step mas, a judgment is made to determine if Vc
or Vo exists, and also if the pressure setting signal V is less than 0.6%FS.

Lastly, with the step ms, when v exceeds —12mV and either one of the

conditions Vc>0 or V>0, or V<O0.6%FS is satisfied (step ms), then output
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conditions or the pressure sensor to be used singly.

. Feasibility of the Industrial Use [0081] The present
invention is mainly used. for -sen conductor
manufacturing .: facilities or chem cal products
manufacturing facilities. The presentinvention is
al so widely used in the fields where the high degree
of accuracy is required to - control the flow rate or
the supply pressure of fluids such as raw gases. (34)
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device for a pressure sensor characterize by being so

amplifigaiibh icitb@iel16 Bk thesfe s, Pr €SSUre sensor to nmeasure
fluid pressure, the output voltage fromthe pressure
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voltage set val ue corresponding to a pressure

condiRAS of B prRbsdte Seheito W UslA cfdly), scal e  pressure

detected by t pressure sensor,” a self-judgnment is
made that the adjustnment of the tine-varying zero
point drift caused by changes over tine is required

Feas‘fﬁ]lﬁﬁofﬂ@lﬁgt%‘t@él (et put  voltage drift is larger than
€ Sset valué W t he said sensor output judgnent
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val ue and the operating conditions of the pressure
sensor are under the operating conditions previously

set.
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[2] An automatic zero point correction device for a
pressure sensor as clainmed in daiml wherewith it is
so constituted that a sem conductor pressure sensitive
el enment is enployed for a pressure sensor, the output
voltage fromthe pressure sensor is outputted to the
out si de through _the lifier and is inputted to the
time-varying zertPpdPHtiYi ft correction neans of the
pressure sensor through an A/ D converter, and further
the output for the zero point correction, which is 35
identical to the afore-nentioned sensor output voltage .
1] An autgmatic zg5 PRInticorreEtieR B8 viseIfar Atnyessue sepadh ehpraciernizerly being
_offset termnal of the afore-nentioned anplifier from
so constityterhthgt uith aRseIsUERNSE] iveneaskie v preswire.dog putpdtvoftage from the
correction means through the D/ A converter when the )
pressure sgas@ P oyipuied to f1e aylsidgr tha afare-meqntigapd tseagot petpybvoitage is
. val ue and the pressure sensor is under the set
inputted tgplbeatimayatyiod drere erint dritjcoppctiontweansi ef ther repugisensor, by
~_correction device for a pressure control device
determining Hhalae coutpid voigge WEft gy osothe gnisus sideed@ iudamentyist adeh ghat an
pressure control device equipped with a control valve
adjustment @f thpr WBeweRYingoAEMPoPOIRh AN isr insmlementsbla s beforep thee asliustment,
fluid pressure, the output voltage fromthe pressure
subsequentligng gudgimenbist pade teddaeterminmeif dhe said sensdreoutput vollage drift is larger
af ore-nmenti oned sensor output voltage drift is
than a voltagp eetivaliiet rresgondingde earrgssuce ees thap aiontroldaciiiracy of the full scale
correction neans of the pressure sensor, by
pressure dglectediynibagpredsate serson it rifijudgrherd ge neide fthati tbe adjustrent of the
m nus side, a judgnent is nmade that an adjustnent of
time-varyinghzere poipt deft pausgd zer diapgenbveltrtinid isi requingal ehem trebdemsor output
before the adjustnent, subsequently, a judgnent is
voltage driftdsidarger et eharisatvalfie with thaisdidsesrsor ootptipjutigwentt mgans of the
drift is larger than a voltage set val ue
time-varyingorare spdm dirifigcdrasctiop rmasanst anti efeghéhthie operhtig comditionacyf the
of the full scale pressure detected by the pressure
pressure sgesyare judged| wWith thd gifeetméestionad @pelmingtdoaditidin isigment mesns of
the tinme-varying zero point drift caused by changes
the time-vapyirey zero point 8rift emuecti@tmabies) tHetitns eArging zonst it drivv of thagressure
drift is larger than the set value with the said
sensor is cascedied whert jiig found Ghaedte dferamsertibnédsensbi StpMtabitadeodrifias tGarger
point drift correction neans, and further the
than the sed palua tihdthecapeeiiting @adiGdNd bfthe PrRS Y Sen8eNSRIuNdELthe operating
judged with the afore-nentioned operating condition
conditions pred@rsBidet. means of the tinme-varying zero point
correction neans, the tinme-varying zero point

{21 An automatic zero point comrection device for a pressure sensor as claimed in Claim 1
wherewith it is so constituted that a semiconductor pressure sensitive element is employed for a
pressure sensor, the output voltage from the pressure sensor is outputted to the outside through

the amplifier and is inputted to the time-varying zero point drift correction means of the pressure

sensor through an A/D converter, and further the output for the zero point comection, which is
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drift of the pressure sensor i-s cancelled when it is
found that the afore-nentioned sensor output voltage
is larger than the set value and the operating
conditions of the pressure sensor are under the

identical t® PRI didreMiknacHadi sehsor SuplLEwitages it aret wilhdievéisedapdlaritatid ipputted to
zero point correction device for a pressure contro

the offsetd@vii® oh SheChfateehntioneClagipified fromhtkeeafareirhentionad time-varying zero
constituted that a sem conductor pressure sensitive

point drift@lof @8t sarsNBlaige dhd OVA donvdfiepees une sertsos oulput keltage drift is
out put voltage fromthe pressure sensor is outputted

larger thah@d 58 vallk Sind éhd pressipd sérizer is anpérithé sst opadtingcdnaitiond. ed
to the tinme-varying zero point drift correction neans
of the pressure sensor through an A/D converter, and
further the output for the zero point correction,

[3] An aulbth&lt kérol gt tdofrattiont @evidaeforfa0pressra tdonidl HevizB seharacterized by
out put voltage drift and with reversed polarity, is

being so IcBRttE tHah, wikH) theOpreSalre (@b Nddvicefeduipped with a control valve for
af ore-nentioned anplifier fromthe afore-nentioned

pressure chbiffol \YhEYd PRsd@E BenBéito Aédsufe M pREEUGNthERARML Ubiage Gom the
the D/ A converter when the sensor output voltage drift

pressure 5éhsbfis WRputbd RthE RRishR, Ve bidPe-ARGIbAGS BERDP Rﬁ@uﬁ oBIERe drift is

I's under the set operating conditions. [5]

inputted W' UATBEhCVAGHE R Hoirf U CESrTeRtord @¥dR§ dfOthe! fressure sensor, by
pressure type flow rate control device characterized

determini?g?/ gpaqitﬂg ovthut Qleg{det i bhate mihid stiBeaNl&sHeltas @R that an

wrate contr device conprising an orifice for

ad;ustmeﬁtgs{ fthngnﬁc@gagyiggnieérelf poift eﬁ@tag oin?p_\{é'hé/rﬁatf@%ﬂf&@ #e bb@stment,

Stream Si p rom-t oritice, and an upstream

subsequetﬁﬂgea @gﬁ@?ﬁ{ i@vriff\n}sﬁrdétégg{ir@ ¥ 4 064 Wedr LipuPUbiayE Q!riﬁgfj larger

eto ect upstream si de pressure

than a vog:?qq?l&gtg'é@% c%;ﬁgs;{?l‘r)\g*/f; &6 r 3ufe| iﬂééjthaﬁ%ﬁﬁmta%mgﬁr%&g& thd RA scale

eam si de pressure P,

pressure g&%&@a T thé E)?(%%%J I%g%#h;&)l’ aﬁ%ﬁ%}%gr{t WL LBE thA'16S SHU&ment of the

ensor 1I's o ot rate conputi ng means,
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drift of the pressure sensor is cancelled when it is found that the afore-mentioned sensor output
voltage is larger than the set value and the operating conditions of the pressure sensor are

under the operating conditions previously set.

[4] An automatic zero point correction device for a pressure control device as claimed in Claim 3

wherein it is so constituted that a semiconductor pressure sensitive element is employed for a
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pressure detected by the pressure sensor, a self
judgnent is nmade that the adjustnent of the
time-varying zero point drift caused by changes over
time is required when the sensor output voltage drift

pressure senspr, theaqutaul ¥oltag Bors dhe prassyEe sanser is pretpuliaddo Yerpiiside through the
out put judgnent neans of the tinme-varying zero point

amplifier and is inpgited edine Bne-warning zerarmgint duft ensrecianemens chtheriessure sensor
conditions of the pressure sensor are judged with the

through asf APecameerteroardifugpertthe oHipution tiet esmppinkiepmeationrwdivh isfidentical
the time-varying zero point correction neans, the

to the afpienpentigngdrgenser outpul veltageidrift aid wite reyerseripeladiznisdnputted to
is 37 cancelled when it is found that the

the offseh fasminaheh theoafetk-mentianed canoplifier fuopt theggiongmdntiones! tirag-garying zero
than the set value and the operating conditions of

point drift chreeclioregeansthewgh the RiAcoovatter whirethesensariontpubwiidge difhis larger
previously set. [6] An automatic zero point correction

than the st valesearidithe aresewrs semser isypderftheget operatingeondibbnsdevi ce as
claimed in Caim5 wherein it is so constituted that a
sem conduct or pressure sensitive elenent is enployed
for a pressure sensor, the output voltage fromthe

[5] An aytomsbalzerospoisiocorrestion pvite dat the frbssure type filmv trdite oxogirol device
the anplifier and inputted to the tine-varying zero

characterized rily Heind tsoc corsétatedothatyesiths thef pretdiee pymes flowerase wentrol device
t hrough an A/ D converter, and further the output for

comprisirighen arfice f@ahe flove cate ecittrada contvbi wlivel rsourdehon thelupsitedninside pipe
af ore-nenti oned sensor output voltage drift and with

from the fosificel sad apol@iresnt, sidd Sresapatseasbrtinstbliedl bétiveat thieconficeadnd the
of the afore-nentioned anplifier fromthe

control vafeOb @letieniipstraach sidd pressias P Rgeanebithp dowtratdraf fitid passing through
correction neans through the D/ A converter when the

the orifice yshie Wistigdin sive lpkagarg Pi itie hfbré-ategtionédantpll) evoftade from the
val ue and the pressure sensor is under the set

pressure GRAEG! is itputea dbtth@Misw el cdnp@ingorBans tEe tfdredmientioned sensor
correction device for a pressure type flowrate

output vat@@d IOinpGiead ©Ethe GRS ARYIRY z&@dpdint; dritedon@ctif reedst oft thé etessure
that, wth the pressure type flow rate control device

sensor, b 88@frhifing Sha thedduib it GaItAdY drifthe oh kiwninat 8ide A judghentis made that
control valve nounted on the upstream side pipe from

an adjusirfight Qifi the Ctne-dyiHE k& PN IdHR BT iIRPRMcR RN Before the adjustment,
installed between the orifice and the control valve

subsequenly, 08 LRI INeHPB M ARMOoSHAGTIMELH MW SaidP sensth Gutputl oG IR larger
si de pressure sensor nounted on the

than a voltage set value corresponding to a pressure less than control accuracy of the {ull scale
pressure detected by the pressure sensor, a selfjudgment is made that the adjustment of the
time-varying zero point drift caused by changes over time is required when the sensor output
voltage drift is larger than the set value with the said sensor oulput judgment means of the
time-varying zero point drift correction means, and further the operating conditions of the pressure

sensor are judged with the afore-mentioned operating condition judgment means of the

time-varying zero point correction means, the time-varying zero point drift of the pressure sensor is
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downstream si de pipe to detect downstream side
pressure P2 to control the flow rate of fluid passing
through the orifice by both upstream side pressure P
and downstream side pressure P2, the output voltage
Canoe"edfwh% it Idoyndethat the aferpgsntipredhsrNsOr PwpMtvelageedril iplgrgesttean the
nmputing nmeans, the afore-nentioned sensor out put
set value @641 thegeparatingriondiiens of dhe Rressurensenssr pravgndes the gnsvating conditions
drift correction neans of the pressure sensor, by
WEWOUQWﬁetern1n|ng that the output voltage drift is on the
m nus side, a judgnent is nmade that an adjustnent of
the tinme-varying zero point drift is inplenentable
before 38 the adjustnent, subsequently, a judgnent is
(6] An aulgenatio zerotmainticoaettiontdeyicedbuia prassune type fluw ratelcoatge device as
drift is larger than a voltage set val ue correspondi ng
claimed in Glaim frwhergingt is seconsitituted dimataotensicandueioy prebsure kensditivelelement
scal e pressure detected by the pressure sensor, a self
i employ¢d figg prassure senske, thé attptheltagelfrosttirepresafre séresor is outputted to the
time-varying zero point drift caused by changes over
outside thrdugh thesampidiier aedlinpbited tbliee timewvayingaetppointuiifttagectidnirhdans of
is larger than the set value with the said sensor
the pressupes sensor thosghent A/Droeavesteq fant iarthier the-ouguy fon thezssio ppiai ddrection,
drift correction neans, and further the operating
which is ideoiitgl it aforeafhettiveee sersstoepaeniage diftandudgRdevktdad P arity,
af ore-nmenti oned operating condition judgnment neans,
is inputtédéo therefisat yemginak od tipe iafdre-thenfidnedfanigifer fro@Belaere-mentioned
sensor is cancelled when it is found that the
time-varyirgf zere poiehdifoceeciomnaeinsotitdqudh tivo Difagenveitérd WhérSthkaledsdr output
than the set value and the operating conditions of
voltage drifthe Ipgestianehs 88t GhlueadUnd Predsifc e@eiontd 068ddrandiset BPerating
previously set. [8] An autonmatic zero point correction
conditionstlevi ce for a pressure type flow rate control device as
claimed in Caim7 wherein it is so constituted that a
sem conductor pressure sensitive elenent is enployed
for a pressure sensor, the output voltage fromthe

[7] An apibessdIzers 96&0boﬂréct@ﬁtdéﬁdeefd)rtaoplfegﬁureotybé ind@ faf QUSRI device
the anplifier and is inputted to the tinme-varying zero

characterizedi hy; irigl o GRhEAREd Mk, ARANBe ?freésht% Bpe M Paté EdBPRGI device
t hrough an Al D converter, and rther the output for

comprising &€ o@TRE Porltfe fdw rAAd® E6ReA, |a%ntrma% rhSurtete b {Héal]psfr@aﬁ '%ﬁie pipe
af ore-nmenti oned sensor output voltage drift and wt

from the ofif¥6ChS Gfstradph SHé hdessind deﬂ@éﬂlﬁﬁglféoobét\%e@fﬁeﬁﬁﬁ‘ ck Sﬁ&ﬂﬂ@(‘:ontrol

of the afore-nenti oned anplifier fromthe
valve to d@tEaNPsh&M 508 BdsdurdTP;, ¥Ad ¥ dBENARER Y idsstfel sfeﬁsor mounted on the

correction means through the DA converter
downstream side pipe to detect downstream side pressure P, to control the flow rate of fluid
passing through the orifice by both upstream side pressure P, and downstream side pressure P,,
the output voltage from the pressure sensor is outputted to the flow rate computing means, the
afore-mentioned sensor oufput voltage is inputted to the time-varying zero point drift correction

means of the pressure sensor, by determining that the output voltage drift is on the minus side, a

judgment is made that an adjustment of the time-varying zero point drift is implementable before
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the sensor output voltage drift is larger than the set
val ue and the pressure sensor is under the set
operating conditions. [9] An automatic zero point
correction device for a pressure control device as

the adjustnedrd,i subsequentt, ai jonient isS3made 4 deteminenhihe siid sehsoraedput voltage
value as a reference at the sensor output judgnent

drift is largefethars ackitadeeset valore coaesponding &6 @ ppesisie ldsd thhn contrad atcuvacy of
nmeans of the pressure sensor becones the sensor output

the full sculel prageire Qlatectidedy tihe prédsti@%s@aisot, e skiffjudgseal 8 made that the
pressure to be detected by the pressure sensor. 39

adjustmentck@e Hine-aayipgaEbicCpoltIdaftRaustd WOofhangds owrr dewiiceqliesd Rhen the
pressure control device as clained in Claim 3 or

sensor outplitavaitade Wit i€ langdrt thass tiso semdtud Wl thd)8aif elensresudpitrigdgment
conditions as a reference at the operating condition

means of thel di@eBAtyiNEARS poiht drffEcdricdBory Meihd) @nd RlirepMletpetiting tonditions
correction nmeans of the pressure sensor are nade up

of the presSifre EBARR akO08ddd WilltSthe lafthé-mchtiorddaiplRiting Eorititfongudiniih@means,

for forced opening to the control valve exists,

the time-vaified R0 SUint Ot &F t16é PrddsufeDserdsBl RechrdefddN@hdrPittid®und that the
control valve exists, and the set signal for the flow

afore-mentiorb@ depsdreb@put] JollagérUisOlBR ek GhAE e B&Y Miué @hl SRk | Perating
nmeans for the pressure type Tlow rate control device

conditions &3he le86UIB derhddr SedindePthe GhartaihcorditiBh F?eﬁiogﬁiy Getai m 9
wherein it is so nade that the set value as’ a
reference at the sensor output judgnent neans of the
time-varying zero point drift correction neans of the

8] An alichbidze Rt GO Eevi '
(sl ° aequi valze%f&?o%g.gﬁs% of K{eﬁgr §?ﬁh?ggg%€h%¥}£éhég@?lgegge %

claimed in @84i9CE Rfleddlh it RSIURRAULA tAS Qémig:c%}ri’d%hop‘ﬁre@éﬂr@ g@r‘is’;itﬁlﬁelement

zero polnt correction neans for e pressure type ow

is employeuflCl e p?(ésb%we(gengc?rﬂhg Ruftiit vditagé s ﬂw@prgs@ggk?ﬁgﬁs?ﬁgﬂugg? to the

aim or dalm erein1t I's sO ma

outside thrORST fd BRplife? 2t i GRS @Jf fef %@—legisr@t zérgj)o%eérﬂtt E&Hection

condi ti on j udgnent ans of the pre re sensor are

means of tﬁ@gl%s%me gé?éop b GudheRFAD &fﬁ%erts&,héﬂd futher HE LFI@LrJt 18f thd 9Ero%oint
signal to forced opening to the control valVe “exrists,
ection, WHEh ek ' i oliShel & i
correcton, $HEh WEfiedlen 1Q nd o delioh LHEE QAR i 1R yih roversed
polarity, is dhsutle 1S e btk Pe“?mi?n‘é{ OSFRHHSE AGEMdtbitd Ca‘?ﬁdﬂinﬁ&t 'Ot the
means for a pressure control device as claimed in
afore-mentichéd Wnél—varying zero point drift comrection means through the D/A converter when
the sensor output voltage drift is larger than the set vaiue and the pressure sensor is under the

set operating conditions.

[9] An automatic zero point correction device for a pressure control device as daimed in Claims 1,
3 or Claim 4 wherein the set value as a reference at the sensor output judgment means of the
time-varying zero point drift correction means of the pressure sensor becomes the sensor output

voltage equivalent to -0.13% of the full scale pressure to be detected by the pressure sensor.
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wherein it is so nade that a D/ A converter, through

whi ch voltage for the zero point correction is
outputted to the offset termnal of the anplifier from
the tinme-varying zero point correction neans, is
shared with the tenperature drift correction neans of
the pressure sensor mounted on the flow rate

[10] An aeABEE 2di@ pBmedsreRfior dkvicedblla Pre8sisrt 'cBntrol Bevitd asvchahéd in Claim
control device. 40 [14] An automatic zero point

3 or Claifio4 k@efdi®t RBRNMabie thathBie e Dpbifating Y BARdilidri@Vad atréference at the
control device as <claimed in CCaim6 or Claim8

operating \&Bﬁduﬁérﬂju Vﬁméﬁt HBartsO6The titleSBnjricderd pbn O RESR means of the
hr ough ich voltage for the zero point correction

pressure béws@ﬂb#éUHaQQ UpQoft AReOEdriiftibng, ahall iBahéthet BEn@®lsighklfor forced
fromthe tine-varying zero point drift correction

opening t&BRSontrbBvaNRas:ek Wnkthet BEndt MRS TN iGcsl Hbding @ the GbihtRi valve
means of the preéssure sensor nounted on the flow rate

exists, an&tﬁEEé‘ttdnd?ﬂl fEPtﬁB%o@fraté ReeRpi d pressure type flowrate
control™ devi ce.

[11] An automatic zero point correction means for the pressure type flow rate control device as

claimed in Claim 5, Claim 6, Claim 8 or Claim 8 wherein it is so made that the set value as a

reference at the sensor output judgment means of the time-varying zero point drift correction

means of the pressure sensor becomes the sensor output voltage equivalent to ~0.13% of the

full scale pressure to be detected by the pressure sensor.

[12] An automatic zero point correction means for the pressure type flow rate control device as
claimed in Claim 6, Claim 6, Claim 8 or Claim @ wherein it is so made that the set operating
conditions as a reference at the operating condition judgment means of the pressure sensor are
made up of three conditions, that is, whether or not a signal to forced opening to the control valve
exists, whether or not a signal to forced closing to the control valve exists, and the set value of the

flow rate is zero.

[13] An automatic zero point correction means for a pressure control device as claimed in Claim 4
wherein it is so made that a D/A converter, through which voltage for the zero point correction is
outputted to the offset terminal of the amplifier from the time-varying zero point correction means,
is shared with the temperature drift correction means of the pressure sensor mounted on the flow

rate computing means of the said pressure type flow rate control device.
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[14] An automatic zero point correction means for the pressure type flow rate control device as
claimed in Claim 6 or Claim 8 wherein it is so constituted that a D/A converter, through which voltage
for the zero point correction is outputted to the offset terminal of the amplifier from the time-varying
zero point drift comection means, is shared with the temperature drift correction means of the
pressure sensor mounted on the flow rate computing means of the said pressure type flow rate

control device.
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