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Invention . [00011 The present invention is conj Imlw
with a pressure sensor, a pressure control device ai3daw.
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facilities, chem cal plants and the |iKke,
concerned with an aut oBREGIFKGADBIQNI nt correction
device for the pressure sensor, the pressure control

device and the pressure type flow rate control device
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prevented by perform ng an autonatic zero point

correction in the event that a volune of the change

(a drift volunme) in the output exceeds the prescribed

Feld of elevaitionhe tine when the output of a pressure
sensor to nmeasure fluid pressure changes over tine.
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rate and pressure of raw gases to be supp
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t he needs, various types of pressure cont
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enpl oyed for these devices have
pressure sensor, the pressure control device and the pressure type flow rate

control device which has made it possible that the occurrence of measurement
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.

Backaround 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 to be employed for these devices have been developed.
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[0003] Figure 13 and Figure 14 illustrate one exanple
of the conventional flow rate control device. Wth

» Figure 13 (the US- Patent No. 5146941), gas pressure
Pi on the upstreamside fromthe orifice F and
differential pressure S P between the inlet side of
the orifice F and the throat part are inputted to a
computing neans C, and the gas flow rate on the
downstream side fromthe orifice is controlled to be
the set flowrate by the open/close control of a
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downstream side from the orifice under critical 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 controlled by the open/close
control to make smaller 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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[0006] It has been known that, with the
af ore-nenti oned pressure sensor to detect the fluid

» pressure Pi, the output val ues change dependi ng on the
envi ronnental conditions surrounding the sensor, for
exanpl e, such as gas tenperature and the Iike. That
is, a pressure sensor placed in the sane fluid
pressure mght have a different output val ue due to
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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 called 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 needed to obtain an accurate sensor output.
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tenperature drift of the zero point output of the
pressure sensor, and that the output voltage of the
» pressure sensor is 20nmV when the absol ute pressure of

1. 0(x102 kPaA) or the gas pressure of | at mis
applied to the pressure sensor. Wen the gas

tenperature changes under this state, it is
antici pated that the output voltage changes from
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u t ,voltage is. directly converted to pressure due
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characteristies which are a tenperature drift of the
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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 fluid 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 control software, and made them public in the TOKU-GAN
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[0012] Techni ques pertaining to the afore-nentioned
the TOKU- GAN No. 2001- 399910 neke it possibl e al nost
sthoroughly to elimnate control errors on the -
pressure, flowrate or the like arising fromsuch a
tenperature drift of the pressure sensor by enpl oying

a conparatively sinply constituted device, and
achi eve excellent, practical effects. [0013] However,
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flow rate control device which is
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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

installation of the device to correct these output changes over time (hereinafter
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manuf acturing costs of a pressure control device or a

flow rate control device. Patent Literature 1: US

+ Patent No. 5146941 Patent Literature 2: TOKU KAl - HE
No. 8- 338546 Public Bulletin Patent Literature 3:
TOKU- KAI - HEI No. 10-82707 Public Bulletin D sclosure of
the Invention Object of the Invention [0015] It is an
obj ect of the present invention to solve the
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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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shown bel ow using not only a pressure sensor but al so
a pressure control device and a pressure type flow

.rate control device for which the sensor is enployed
to analyze pressure -output changes of the pressure
sensor over tinme. Wth these test results, it has been
| earned that, with the pressure sensor which enpl oys
a sem conductor pressure sensitive elenent, (1) the

ero i.nt of the pressure sensor changes over tine,
@%ﬁ&é&g@@&ﬁiﬂ%ﬂzero point over tine shift toward
he, mi nus, _side W thout exception when used under
109361 ipveiaia: Of 6 PrREoR MHRRIOpaIeReRgR deriops Kinis:of tostscas
i n th? ressure-output - characteristics shifts toward
shawn b ‘i’fﬁ ysigg ;e only apressure senspe but i8e apressureneontrol device
essure sensor shifts toward the mnus side, and
a'ﬂ? pressyre type tlaw rate Gontrelfevicgfeuwhish thesensor isemployérkto
|l us side for what shifted toward the mnus side (that
arjalyze pressurR.—oNpyi ghanpges ef thpipressure sensoheverdinee.poi nt
toward the m nus side under pressure zero, for
exanpVéth these testineaults. i bas bgen Hearned ithate Avithethel preissure
to 0.2%of the full scale output voltage, errors of
sepsr s employs & sesisendusior pressura/sensifiveajement, (1) the zero
equi valent to 0.2% of the full scal e output voltage).
pojng @f Hhe nressyesansor changesiayer time, [Rethapges ok thebzare point
t he know edge obtained from what |earned as above.
overh ime; shift fowiard, dhe irainua sside avithout exceplioni when iused under
fundanental ly so constituted that, with a pressure
vagim dthat s, e sutput velugi under dsesauce zerpeinothieppressurbiontpet
fromthe pressure sensor is outputted to the outside,
charpgtegisticscshits towarddthee minis sidepuand, ¢3) thgezem poiptiof doe
to the tine-varying zero point drift correction neans
pregpurengenspe shifts éo‘éléﬁgthe, minysygideseand errorsnatiprassure control
determ ne if the afore-nentioned sensor output voltage
acqusagyshifttowarthiheplys side farayhal ghifted taward theeminiscsideeitisatiis,
.. output judgnment neans of the tinme-varying zero point
if e jquirwtoralie: shifls fremnthe zeva paint: teward ithe oplouaitsidey under

pregsounrg izteifo(? r11‘<§’r g)ﬁarﬁg}ee, toward the minus side by voltageAv equivalent to
0.2% of the full scale output voltage, errors of pressure control accuracy rise by
voltage Av equivalent to 0.2% of the full scale output voltage).

[0017] The present invention has been created based on the knowledge
obtained 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 voltage 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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pressure sensor are judged with the afore-nentioned
operating condition judgnent neans of the
.tinme-varying zero point drift correction neans, the
time-varying zero point drift of the pressure sensor
is cancelled when It is found that the
af ore-nenti oned sensor output voltage is |larger than
the set value and the operating conditions of the
pressure sensor are under the operating conditions
the eeti vale withdhe spisbgensomputppt judgnient meantsioftheatime-varying
claimed in Caim2 according to Claiml is
zergnerint Htith |gogreglion: means,t and: furtheatthe operdtingnebinditions of the
pressure sensitive elenment is enployed for a pressure
PESRUGr senser ara fudgedomithgthef mforenmantioned sepeatingn sondition
.outputted to the outside through the anplifier and is
judament eapans ohdhe itime-vatying repro zmint grift orreelidi means, the
correction nmeans of the pressure sensor through -an
time-maryinghzesotpeint daftdf the preesuresensort i canéaliod Whenaek Jound
poi nt correction, which is identical to the
thaf beaforemeoticngdssensor outpituditage is ggerahsh tie $bt value and
reversed polarity~is inputted to the offset term na
thef opersting moaditions i afnthe prassufe sendoroard hder the operating
af ore-nentioned tine-varying zero point drift

copdition preyiouslysses. t hr ough the D/A converter when the
sensor output voltage is larger than the set val ue and

(00183 Theeprosent ineention assclaineet int Clirme? aogordinitdLClaim 1 is
conditions. [0019] The present invention as clained in

furdamentalyi so canstitutertthat 4 germizondunist pressurd sbheifive albinBnt is
the pressure control device equipped with a control

empinyed fof apressess sersog the bolpubinoltagefrars e Pre8QIre Fenbér is -
nmeasure fluid pressure, the output voltage fromthe

ouipulted to theseutside threughithaudrhglifiet and heinputted @ahe tikR-varying
af ore-nmenti oned sensor output voltage is inputted to
~ zerohpoint rdrifty gorrectipnz ereanp odfnthe Prasistirec @ehsHrt tHPGUGE @RS A
the pressure sensor, a judgnent |Is nade to determ ne
convertet, landdfidher- the ot éat the zery paint ttection,LvAlgieh isSidentical
| arger than the set value with the
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.
[0019] The present invention as claimed 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 zero point
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sai d sensor output judgnent neans of the tine-varying
zero point drift correction neans, and further the
operating conditions of the pressure sensor are judged
with the afore-nentioned operating condition judgnment
means of the tinme-varying zero point correction

nmeans, the tine-varying zero point drift of the
pressure sensor is cancelled when it is found that the
afore-nenti oned sensor output voltage is larger than

drifheorseation maans afithet pressype sensang judgnient is madefto tetrmine if
pressure sensor are under the operating conditions

thprafoieemehtjonedtsenfGi0QdputToitage dés Eangerithare tite sat vakie with the
claimed in Caim4 according to daim3 is

sdid sersor putput judgmenbmebans of thd titrieavarging 2efoquiret deift €drrection
pressure sensitive elenent is enployed for a pressure

meams; and fuitkercthe mperatingtcagditibne of tHecprpsase seascrears qidged
-is outputted to the outside through the anplifier

witindthies aforeernemtibned  toperatinge-coadifiom g judgatent pmeahs dof f the
correction neans of the pressure sensor through an A/D

tinsswaryingezero poiit Eorddtion mdemspthettirhe-Vanyingheera poiat odft of the
correction, which is identical to the afore-nentioned

pressuse sensdriisi canedlibd gehennitl isdouRd rtkatehe afbre-ehatitiohad sehsor
inputted to the offset term nal of the afore-nentioned

output vioftagy isf laegertthen thaf Setevalii bh@ iesl operating 860difishsZ&F the
point drift correction neans through the DA

pressovesérior aleimden theseperatingdetinaitions prévidiRly set! ar ger
than the set value and the pressure sensor i s under

[0020¢ Jbbe mpssratinvemtionrzdi dlaiesl. in[ ORAA]4 dbvording 3€Tlaim 3 is
invention as claimed in Caimb5 is fundanentally so

- furdanwentallytsecconbtitutedthatra $dmiconduton ressupe séisitiveredrient is

control device conprising an orifice for the flow

" empidyeddons prdssure sansbr, the vatputvelRigetfen the prossutd Sehss s

side pipe fromthe orifice, and an upstream side

I outputted to thesutsids throggathbemnpliibrandis(ilputiedeto Ahid. filme&ranyiny
the control valve to detect upstream side pressure P1

zerbopoinhtdrifl cofrétioh! maanatef the blasisdrep8snrdondthidlighuah AlTe
orifice by the upstream side pressure Pi,

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 5 is fundamentally so
constituted that, with the pressure type flow rate control device comprising an
orifice 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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the afore-nenti oned output voltage fromthe pressure
sensor is outputted to the flow rate conputing neans,
the afore-nenti oned sensor output voltage is |Inputted
to the tinme-varying zero point drift correction neans
of the pressure sensor, a judgnent is nmade to
determne if the afore-nentioned sensor output

voltage is Iarger than the set value with the said
sensor out j udgnent neans of the tine-varying zero

therifice @nﬂftge @@ﬂfr@dtal\(ﬁhtorﬁﬁtﬂ@t upstream sidenpressiire P1 to control
operating conditions of the pressure sensor are

thedl@g/eratamftﬂwct passiagdhrough the oiifice by tee upstream side grassure P,
j udgnment nmeans of the time-varying zero point

the @fereanentionad autput voltaget frore thenpreissure sensomis iontputted ta the
of the pressure sensor is cancelled when it is found

flavharatet hempéitinge nmeams| dhe dafersrmentianetipseénsool dupat Vsitage is
| arger than! the set value and the operating -

inpudtedi toi thestimedvatying perespeintedrife comectionemeantke of thee pressure
operating conditions previously set. [00221 The

sepsess arjudgmentris imadeato ddteimine ifi the @feresméntipned rsénsgr éuiput
Caim5is fundanentally so constituted that a

voltage isdargec than the setvalee siththe said sehsorautput judgemerit oyezmhs
for a pressure sensor, the output voltage fromthe

of phee timervaryieg zer paint drift potréctidntmedrise and tfaitickr thé ropediing
the anplifier and is inputted to the tinme-varying

conditiongpafithé prisisiite semsoesrel jodgetbwitisthefaférbenentivhed loperating
sensor through an A/D converter, and further the

cooditipujudgorent eane o thEotime-vagyinice 2éro @oint Wiorrebtiors means, the
identical to the afore-nentioned sensor output

- timeeVarying zarodpaint drift afithe pressateasearisyr isi cancellgduvheait ifouhe

of fset termnal of the afore-nentioned anplifier from

* thatltiee afofenmentiemdd seresdr outped. valtagerig largecthpnithé sdr vdltie and
correction nmeans through the D)A converter when the

thes epsmtingucqnditions! ofadise | pressurg eserisbararé hendeet theabperatingl
the (10) pressure sensor is under the set operating

congditimhstprevigusly 86231 The present invention as clainmed in
Caim7 is fundanentally so

[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 correction 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
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constituted that, with the pressure type flowrate
control device conprising an orifice for the flow

. rate control, a control valve nounted on the upstream
side pipe fromthe orifice, an upstream side pressure
sensor installed between the orifice and the control
val ve to detect upstream side pressure Pl, and a

downst ream si de pressure sensor nounted on the
det ect downstream si de

. downstream si dggphge to ¢ d
PrgpeiLe $eRSqIS HRARrdRe #f ORaRAlng GORAIIgRS of 1 uid passi ng
t hrough the orifice by both upstream side pressure Pi
[09#3 dg%sR'P%%ﬂh igventionyag Glajmedpin Clai §uisplwndamepialy so
fromthe pressure sensor is outputted to the flow
cqnatl@t%mﬁtw'ﬂythﬁeemwr@ Hepex flow datecspntioh daviee gemprising an
output voltage is inputted to the time-varying zero
orilige fer thei flaw Fale (ceptrolon eapirRk valve mauatest en dhe bpsicgany side

.a judgnent |Is made to determiner if the
plp%fr@ﬂbg\WﬁCQHQU upstieam side pigssyrel sanger installed bgbveantha
the set value with the said sensor output judgnent
orifiseandothe teentrel nalve dpytletget dpstrgasm reidel mressusd e @ndoA
means, and further the operating conditions of the
dowinstreameside psegsuse senpsafgaaunied on the dewnsiraasn sidenpige to
operatin condi ti on judgnent neans, the tine-varying
detact slopmstieamr side poessure: Parteswonirel thenfiaw rate ofafiuid|pagsing
when it |s found that the afore-nentioned sensor
through the woifieexy hath jupstjeamt side pressueseP1 wad dovnsireameside
operating conditions of the pressure sensor are under
pressiire)Ba ithe pulgutynitage fronsthemressustisensos istoutpuitspiap theflow
present invention as clainmed in Claim8 according to
- ratglogmputing sleangnihgebereanentiongd sensarioutpus wollags is dnputted to:
sem conduct or pressure sensitive elenent is enployed
the timeavanying Zere poin shiift, cemectiontrpeansyof theyprassuie sensor, a
. pressure sensor is (11) outputted to the outside
Jucgmem immeade ta detarmins: if thedafore-meptieneddsansor hetput voltage is'
time-varying zero point drift correction neans of the
largerethen rthe seh yaluet witho thensaig 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

(11



~converter, and further the output for the zero point
correction, which is identical to the afore-nentioned
sensor output voltage and with reversed polarity, Is -
inputted to the offset term nal of the afore-nentioned
anplifier fromthe afore-nentioned tinme-varying
zero-point drift correction neans through the DA
converter when the sensor output voltage is |arger
than%(Lhe set value and the pressure sensor is under
oytputtacto thgauiaidertireughdhe maplitierabip inpusted te thentime-varying
invention as claimed in Caim9 according to Claim3
zgp painkidpftacoreectian nfgans iehtthe hpressurey agnser dbrawgh an A/D
reference at the sensor output judgnent nmeans of the
canvager, and ifurgher daeomlputior the zeroqmintaoriectionywdich isfideritieal
, pressure sensor becones the sensor output voltage
toclhei afgre=mentienade sensanoutputovaltage and: withcsevefset hpolérity) Is
~scale pressure FS to be detected by the pressure
inpdtesbto thgoofijet Tlesminak Dfnthei afcrenmantionsd arhplifiee dfrom the
Caim 10 according to daim3 or Caim4 is so nmade
- afereamentipneddimeryaryingi zeco-pointidiift cosectionamearisthesugh the D/A
the operating condition judgnment nmeans of the
copverterwien the sansor pufput valtagbtis larger thani the sekaalsedndt the
pressure sensor are made up of three conditions, that
pressure sgnson isrunder thet seh opergting conditidrer ced opening to the
control valve exists, whether or not a signal for
(0028 c e giresent dnventiom as odaimed| invGlbine 9eadcotding tnCl4ime3 or
set signal for the flowrate is zero. [0027] The
Claime4 gatso madatthahthesset! wluedsi o rélepenveldt thecssriton dutput
Caim6, Caim6, CQaim7 or Claim8 is so nade that
. judgment ¢ueans| ofcthestime-varfyingernere @dint tieft comastion. meapsitof the +
judgnent nmeans of the time-varying zero point drift
-prassurecgenson hetonesdhe seosorn batppt weltageceguivalent focloesiban: . -
t he sensor output voltage equivalent to |ess than
‘confrahtaceuragy ofl the: fullgcatenprebsue $3 46 depdetsated Gy Rie tpredsare
~ detected by the
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



pressure sensor. [0028] The present invention as
clainmed in daim112 according to Caimb5, Caim6,
sClaim7 or CCaim8 is so nade that the set operating
conditions as a 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 val ve exists, whether
for forced osing to the contro

' | |
rifang & 1 Gp8elity saftorpRcines Ind semsr ol Melledp acivelent to
68 e, ool gorBed B et S265 Praguo Lo be Setecied by the
converter, through which voltage for the zero point
pr_eggyrpggpﬁ;n is outputted to the -offset -term nal of

lifier fromthe time-varying zero point .
10038} 2F5e pipsRRLIRSTIan S it o |CIaRe 1 cansorling fe Gl 6,
correction means of .the pressure sensor nounted on
O 6 (Al 06 NG S 86 madleribabine: et oparating candiioas as a
} e flow rate contrqgl device. [0030] The present
re %g'é‘?ﬂ ftihe qrerating pendition jadgmantmeans.efithe prpssureciensar &re
or Claim8 is so constituted that a D/A converter,
megg B@Qﬁfh&&ﬁ cqnaignsdat Is.ovhather aratoba sigaptior taseadepaning to
i S outpu[ted_to the offset termnal of the anplifier
the coptreliyaive exigts. whaherr ot @ signahforderced clasingdetthe gontrol
ans, is shared with the tenperature drift
Vag’gr‘?"éﬁ'iaﬁﬁth%ﬁ?fé’a!}ieqfﬁﬁeﬂ@‘ﬁ%taﬂ%Z@Qnsor mount ed on the

conputi ng neans of the said pressure type

w_rate
loﬁgiwfmstpéeie@mrwemiw ¢laimegkrip £daim 13 acageding taGlairod is so

o 0031] According to the present invention as clained
e m‘;% ‘%Pgﬁ RYA converteg ﬂ%reugfwgmmmifqrm zarp poind correctiontis =

g]rélift whi ch occurs with changes over-tine is (13) ]
+ outpyted to the-offsetierainal ot the empkfier frieyn thedime-varyingrasrm goint - -
zerp point drift correction maanf,dr thus resulting in

- CORHIONJAGRNS 1§ s8] Milbrthe tempprature driét eastestien greans of the -

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 amplifier 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



accuracy of the pressure sensor. [0032] According to

the present invention as clained in daim2, it is so

constituted that the zero point drift which occurs
“with changes over tinme is cancelled by inputting

vol tage, which is identical to the drift voltage

occurred with changes over tinme of the pressure

sensor ‘and with reversed polarity, to the offset

term nal of an anplifier for anplifying output of the

caticeRsd! baseHedts the jadgmentoby thHectime-NagitiNzerd polM@rift correction
time-varying zero point drift correction nmeans, thus

megas!| tHuad résultingu rs t Subistantiall ip@Venentss in NprassLAe Uteétection
det ect i on accuracy of the pressure sensor. [0033]

addufdbydf 8 sheBslrb@ehfsr. present; invention as clained in
Caim3 to daim8 inclusive, control accuracy of

[oesﬂSSNé@rdmgl tb! Py prR&ent MvERAT K8 WIdimedPIOCRIMARIEt .is so
the reason -that pressure detection ..accuracy of

canﬁtuEHdeﬁﬁa't”tﬁe SRRS PointtirdthwhicH rt?doh@ﬁwtﬁscﬁa'h@eb avep tifffe is

pressure control and flow rate control is enhanced.

caiIhQQ byfrl]ﬁ @iflg VS, WhiRhis RBANdal tothe dift VBltase Séatin@E With

al and daim1l, an automatic zero point

ctﬁﬁ?é@&&ér‘ﬁ%d SF thé B%Q&@C&ehwd%tﬁ fefer3ed %@farﬁ# tdMb offset

tage less than control accuracy of the full scale

k F
R i b s e o

Ju%ﬁérﬂ Byhe tleu\ﬁarﬁ‘ihp@éﬁ) ﬁélh%ﬂ“&ﬁé&ﬁoﬁ hfé‘éin‘saflﬁs resulting in

ur énent val ue be mai ntai ned within

suBs@REa uhﬁﬁ')véﬁ\@ﬁ% iR préd36H detdetionHeddracy Bf thePréyufe sensor.

according t he present invention as claimed in Caim

: [oééérlczalﬂfb é?lc%'rdmgl?o thb']ﬁee?e?ﬁ PvBRioH adlhifdedGR TIAIRT.3 1o Claim8s

d wth” the high degree of accuracy due to

indIGARE Rolii@lackhacy | bf‘Bre‘éﬁfrlé'aﬂﬂ floR rﬁteQQ réthafkablytimproved due '
correction is automatically perforned In the event

- to thé redJ0R- RAY preaSiRNEAbCtANSbdur Y Sof(the) pressure WeHEBOwhieR
pressure sensor on the upstream'side fromthe orifice
furittiend s the 5dsts 6 prbsdur€ cHRAI| arad FlowThte 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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[ 0036] According to the present invention as clained
in Caiml1l3 and Caim114, a D/ A converter to supply
voltage for the drift correction to the offset
termnal of an anplifier is made In such a manner

that it is shared wwth the tenperature drift
correction neans of the pressure sensor, thus allow ng
the constitutions of the <correction nmeans of the

te ature drift and the tinme-varying drift of the
SUgoUBADAING BrASSHTa AMAOr oh he LBRAAND B T des PORcLAE in a

the pressure t e flowrate control device to be
stale of qfﬁﬁfwm@ tated above, the present Invention
chi eves  excell ent ractjcal effects. Brie
(088 Acsprcing rine REssspBiF SRR ESRISd it GlATa 13 ang Glaim 14
structural drawing of a sem conductor elenent ty
a Bf'“e%@l)’le 95@(\%‘&9{)'}( ‘@'ﬁégéé‘éfdhé drlftzmgegwgo tbg@cﬁsetdprmnel of
present invention. Figure 2 is a cross-sectional view
anamplifier & made iniehiamapner dbatitis sharask withthedemperatyre drift
present invention is mounted. Figure 3 is a curve to
cogpetipncmanne of theepressure sensemthusaaliowing the eanstifytionsoef the
the pressure sensor used for the present invention
coypFtion meang efather tamparatugm deift gud dbentinm-yaryingadift of the
diagramto show "the difference by the service history
pressuts eenspe fanthe peassuie cantrobdeviepand the pressure dype fiew rate
zero point output of the pressure sensor used for the

copfr@ slemice tabe ﬁtmnilﬁem Asstatadaporei the aressat invertion achieves

vacuum Figure 5 is a diagramto show changes
exeallent, pragticalefients. zer o poi nt (15) output in the event
that pressure of the pressure sensor used for the
present invention .is made to change at a‘cycle of 0
(Torr - vacuum - 60Torr Figure 6 is a dlagran1to show
fi St he zero point ST

[0037} Figure 1 is a structural drawing of a semiconductor element type
pressure sensor (a pressure transducer) used for 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

(15)



output in the event that pressure of the pressure
sensor is made to change at a cycle of O(torr -

. vacuun)-0. 1MpaG Figure 7 is a diagramto show changes
over-tinme of the zero point output in the event that
pressure of the pressure sensor is maintained at
0.1MpaG Figure 8 is a block diagramof the pressure
type flow rate control device used for the enbodi nent
of the present invention. Figure 9 is a block diagram

ogiput incthecgvenp thal dressufriof ther pressurersepaon used for lke prasest

.to correct the output changes of the pressure sensor

inyentiands prasieda changs alea eyciaof & {Torcovacusm)didiooe by
tenperature used for the enbodiment of the f present
i nvenfigyre Grisga diagramite shovechangrs over-timeaaf the zerospeint
the rel ationship between the correction of the zero

oytpitin the eyent thatipreasureaaithe meesauire sensar és HBE tatharige at a
pressure sensor. Figure 11 is a block diagram of the

cyclerafi0fTore  vaeUum)od. iMpaGor essure type flow rate
control device pertaining to the present invention.

Fi gur Bigaee i7sis an diagearatto rehoid ohanfjesgovemtiofe dhthe zero point

time-varying zero-point drift correction nmeans of the
oytpussisuthe evertothab erassure 10f the ressyre eseasor isnwmitained at

Fi gure 13 shows one exanple of a conventional pressure
0.tMpeGf| ow rate control device. Figure 14 shows

anot her exanpl e of a conventional pressure type flow

(16) Figure &isablotk diagraocof the presstireRgpefiawm cate Chatral dosice

and Nunerals [0038] Pi Gas pressure on the upstream
used for the embotimant of thegresent invention.

Figure 9. is-a block diagram 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 voltage 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

(16)



APressure sensor BPipe |IPressure type flowrate
control device 2Orifice 2aOrifice opening 3Upstream
"side pressure sensor 4Upstream side pipe SDownstream
si de pi pe 6Tenperature sensor 7Control circuit 7aFl ow
rate conputing nmeans 7bFlow rate setting nmeans
7cConparative neans 8Valve driving part 9Control valve
10Gas supply source 11Pressure regulator 12,13 Val ves

P icehamber 15 Vacuum punp (17) 16 Fixed
rig-lltén'pl P?lgggt%: on circuit 16a Ofset termnal 17,18

Vari able anplification circuits 19 A/D converter

List of Reference Characters and Numerals
[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
* & "» 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

16 Vacuum pump

17)



20 CPU 21 Sensor base 22 Sensor chip 23 D aphragm 24
Di aphragm base 25 Silicon oil .26 Sealing body 27
*Lead pin 28 Fixing body 29 Holding nut 30 Bearing

31 Seal ring 40 DA converter for offsetting 40a, 40b
D/ A converters 40c, 40d Buffers 40e Buffer for
synthesis 41 D/ A converter 42,43,44 Al D converter

7a’ Flowrate linearity correction part in the flow
erature drift correction

rate W?ﬁé&%p@@éﬁ@@ﬁﬁ@ﬁ?u 8) 49 Time-varying zero

‘means of _
oa seBMe BRI G0 ent means dob Cperating
condi t4701y ‘j/éﬁja%'lreegﬁ':plﬁc%[}gn circuits

19 -A/D converter
20 CPU
21 Sensor base
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 Sealring
40 D/A converter for offsetting
40a,40b D/A converters
40c,40d Buffers
40e Buffer for synthesis
41 D/A converter
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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50 Piezo-step-up circuit Best Mbde to Carry Qut the
I nvention [0039] First, inventors of the present

- I nvention conducted a survey and then neasured
changes over-time of pressure-output characteristics
of a pressure sensor A by fixing the pressure sensor
A structured as shown in Figure | toa pipe Bin a
configuration as shown in Figure 2, and by the inside

of . t Lpe B .being evacuated and. mai nt ai ni in the
pr esc??bgb%émgg&&Qmﬁ%W&a@P mga[‘?/é’é[}ﬁ?n%ﬁ?ﬁb"’e
(not illustrated). Referring to Figure | and Figure 2,
21 desi gnaf%@soé sensor base, 22 a sensor chip (a

sem cqpdyct or t pressyre sensitive elenent), 23 a
di aph?‘gﬁ#\ensﬁr@ég&’g‘ﬂﬂwggm%e, 25 silicon oil, 26 a
seal i d 27 a lead pin, 28 a fixing body, 29 a
hol di agbﬁfﬁé"&'@ cé’"g@g?i'qﬁ%meﬂi"?agéal ring and Pi gas
pressyre...[ 00401 Referring to Figure 2, a pressure
sensogbAP'éZQ'f't?Bﬂ‘pthF'ﬁe fixing body 28 by use of the
hol di ng nut 29. However, any fixing nechani sns can be
enpl oyed to fix the pressure sensor A For exanple, a

fl e ot iJlustrated for fixing can be used to
Best 8 h 'g to the fixing body 28.

u not illustrated in Figure 1 and Figure 2, a
wé?ejs %&S& 13yeiese opthepresery inyedtion. sfndiglest guMey;ang then
fixed,to the inside surface of the diaphragm 23 and
megsHrer, cheRges, RY&THEe, AL PESAURIQUIRY ChATRCIRSTES o Piesedre
has en. al sp used to %1%{ repl ace the pressure sensor
SRS/ PN gPinas e RIPSHUES SHERHT A RrSEFRcAs: Stqwibiny igeses to a
.pressure Pi applied to a djaphragm 23 changes b .
Pt B g Boue 96 Shiadn e Fistire Ropd Do tBe M of the pipe B
accordi ngl,y pressure applied tg the sensor chip 22
beme\’écgﬁtggﬁngaﬂgf@jmwaﬁ@%eresgmgd dagrae of YRPUUm nusesels
In the outPut,voIta e from the sensor chip 22, and
2 ECHHGLIME, r@éﬂ'”ﬁ‘i’%@ghre Pi is detected. Because the

Referring to Figure 1 and Figure 2, 21 designates 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 P1 gas pressure.

[0040] Referring to Figure 2, a pressure 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 Aitself is publicly disclosed (the

TOKU- KAl - HEI' No. 10-82707 and others), the explanation
.is omtted herewith. [0042] Figure 3 is a diagramto

show a state of changes in the zero point of the

pressure sensor Ain the event that the pressure

sensor Ais fixed as shown in Figure 2, and

naintained under vacuum (the degree of vacuum

0-6 Torr% one.f I 24 hours

r leaving,ita
3t SPFFSHIRe qr@obi\irég'use St%@“ﬁﬁﬁ&l?‘@ﬂt‘" oY & gure 3,

d@ﬂ gom rratelé ? B . d| atel after the start
(496 1k Gas Rressure Brarplisd o nges H)é REQORressing
di rect ba/ % 8 3%38 changes are nade for
thg, inside 9¥He; inm B ap @cmmqn Youeesure applisfhigdhe sgnepr chi22
Torr), and in approxi mately 5 hours later, it changes
(ar grstiadn gaugel changes, tmﬁsrfggu'@ynq iBahapgesip the oyfput vgltase from
then, without it being stabilized, it keeps. changi n%
thesigaser ¢iie 24 and CB?'FQe‘@t'P &3S a[’lr??ﬁ%@ 1 srdeteeipdimeBegause the
changes is small. The output of the pressure sensor on
PrRRBUIGSenseip itaglf is P\’P'P’Yg‘!lﬁ@o%eq ghe d; %g?légé\é‘é"%)NQﬂp -84
2mV i s equivalent to 0.1%S (that is, 0-100 Torr is
andpihom)dhe explapationis opited kerewiie. 0- 2\) . [0043] Figure

4 shows how pressure time, which the pressure sensor
[0@4(¥ierEIGW@@sISM'%f@n‘é@@Qma glate ofrghapaeiadhe gero paint of the
stabilization tine of the zero point. That is, a test
prepire weRsorhincihe; evenbihal theoprisesyre senserA ds fhred: aeshawmin
point being stable to some degree by the vacuum -
F'%nerﬁ angdriaaintaingd under yacun (the)degresef acsum 1 1T her)
a couple of different pressure, and stabilization tine
-after leawng iGalpae frsi2dthquss ewuaﬁmewey-cmﬁsutﬁ ed by
mai ntaining it under vacuumto investigate effects
_ that P¢apearest feomEiguse dclp appraxinatelenehiqus imewrdiataly ater
the stabilization tinme of the zero point thereafter.
) th? @Sam]ofpeva&yaté% nzer@ rRAWItFERANges stoweard the dniks direstion by
erienced Is, th
0. 2~ 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. That is, 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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hi gher the initial value of the zero point Is, and the
degree of changes toward the mnus side after
evacuati on becones |arger. However, after the |apse of
20-30 hours, it settles down to nearly the sanme val ue
irrespective of pressure experienced previously.
Then, after that, simlar to the result of the
nmeasurenent test on stabilization time of the zero
point when left alone in vacuumin, Figure 3, It is
expasigneas inhaving @ qeupleof gliffarentiregpurestangd:stahilizatiom time of the
percentage. Tinme shown by an -arrow in the figure is
zarp npoigt 49 seamtinyausivt Heonitofed by maintginktg {ith einden tvaguwns to
nmoni toring. [00451 Figure 5 and Figure 6 show the
investigateseftgcts that prasawiet expodencad befere enasusiioreexartagtomthe
O Torr (held for 15 seconds and with the vacuum degree
stabilizatipp timei ofdhezgro poird thereaffers0Torr (hel d for 30
seconds) is changed with regularity and continuously
[0044r As apparenpfromdBigule-idg thee higher pnessalre expériensed dsuthe
range of O Torr (held for 15 seconds and with the
highardberinitialjvalee of thazeropointis snd the 'deyreeTafichan@esltonarhiBe
(held for 30 seconds) is changed with regularity and
mious sideaftas byacuation bedomesslarger. ddgwever,gafiee thd) lapsaaf20~30
finding the changes in the zero point respectively
houfs,eit sdtitesl dpwe tof nBatlpthe. safhe values irespectivenfoft pressure
changes in the zero point was conducted over 4 weeks
expéerierioedi previously. of Thapprafter nthiat| gimilae toedke [aBOUGDf the
Apparent fromFigure 5, it is found that there
mestement tesiop stdtdizgtien time(dt the zdve ppimt whpoileft alofe th 294-S
over 1-2 weeks. Wth the result in Figure 6, it is
vaetigo inobigdre 1Batit ihasgemetinthahdt keeps gecraasingeatian certain .
wthin 0. 1 %S toward the mnus direction. [00471
pefseptage. 7 T akowin dycdraagow iovibe -figureisi time helapsadofrgroi the
output in the event that the pressure sensor Ais
initizd timernfdlues Egntinedidls onodidering: essuri zat i on of

[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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0.1wMPaG It is found that changes in the zero point
occurs with the volume of changes |ess than 0. 1%S
toward the plus side. [0048] Fromthe test results
shown in Figure 3 to Figure7 inclusive, it is found
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

ﬂ\%ﬁ%ﬁosﬂﬁﬁ@e@%‘*ftb Sl "Hetm LSPﬁ?SFﬁ{%g, ool
Yﬂé”“"ﬁﬁ\?ﬁ ot iP5 8. 18 e i o Speiiode 7 thg 2670 poin
rolfei B FHES Gl PR e decr cases wi th the
IOb%ﬁn Srégwgrt"ﬁgwﬁ tha%b%ie”q”s?ﬁv@tr it ndhe 2Rl Roink cutbut in the
ot Hial e t«aﬁ%ssﬁ%ﬂ”gé’% K A B Ftghousty Rg dndst stesastas of
0.BEFE" ldt ToupRi ot es%e% fnx oen AT oris WHE eaest
cHRRGRE 5o g, 61 P wanthe BssR. one woek, .Vf‘c.“imfound
(0] o FFRB B dent sl SOWRAABIGNER AR UG TEWEe, Has fosn

th%rté Lﬂgqsz%qt grbalel e ﬁfﬁ?\%@tswt'w% phetscwaﬁsgsu g&fdm%mdba
that, there ar ot big changes when it is In a state
zegy PAPHBYIpHE H'tg ‘nﬁ REGIRUFS SeNsRshVhish RImplgYs arierairenstor

over-tine in the zero i nt. output of the pressure
pr%séH%‘T’eW&'t‘é@%Qrﬁ?'@daérﬁﬂg&cef)nventors of the preéesent

: [0645 ention have created a

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 lapse 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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measure to automatically correct the over-tinme changes
in the zero point not only of the pressure sensor A
but al so of the pressure control device and the
pressure type flow rate control device which enpl oy
the pressure sensor A [0051] An automatic zero point
adj ustnment device to correct changes over-tine in the
zero point output of the pressure type flowrate
control device according to the present invention
does -ngk pthanged withr this treucivi prassusizetiom ovaintaininghe It is also
-drawi ngs. [0052] Figure 8 is a block diagram of the
undesstood ¢hatytheref arevnot g)igschanges ovhenelt iscin a btaterak atmpspheric
of critical conditions according to the present
priesswrat i on. Wth the pressure type flow rate control
device 1, the flowrate is expressed with @=KP1 and
[005@] rBasedremibetchafges @estime in theperd point dutpoat yf thy préssure
upstream si de pressure sensor 3 due to the reason
sdnsat Al as statdchabadveyrintdmtorprafrthe rédaait ifvemtids Have db@ated a
supplied are under critical conditions, that is, the
méasure \te lautorhgtically fcbrrectsthe | avertimeochartgles duidhe ze® point not
orifice 2 is that of sound. The pressure type flow
onabbthequressure stasorck, buti adsceqUtheperassure lcoatroladevidecandthe
which forns an orifice 2a, an upstream side pipe 4, a
prassune typedlowsiate caritit dévicewhich emiploythel plessure sénsot A.
sensor 3, a tenperature sensor 6, a control circuit
[0051]a Aredutemetic zerogoint atljusStmerd davice td torrect changesDver-time
[0053] A control circuit 7, which is constituted
in thterd point auiputiof the praseaiertgpe flow ¢ate@antrol ddvice according to
m cro-conmputer and a built-in program conprises an
the passentinventionris-explaité® hemafieonitis reférease &nthe drawings.
anplification circuit not illustrated, an A/D
[0@52)v Eigure 8ded Hiduek diagrim, of thd pressurattgpefiow rite kgntel aesice
7a to conpute a flowrate ¢ using the experinental
byfmhaking asecofamitiesliconditions dcrording o the présept imeamtion/ b With the
command the set flowrate @ to flow, and a
pressopatype iflow ratenoentitt device dnthiet fiovk Pate fis expresded with Q=KP1
difference 60 (=@-Q or Q¢-Q) between the flow rate
ancthe ambasurement efl pressure is conducted only by the upstream side

pressure sensor 3 due to the reason that it is based on the premise 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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and the set flowrate Qs. [0054] Referring to Figure

8, 10 designates a gas supply source, |la pressure
regul ator, 12,13 valves, 14 a process chanber and 15 a
vacuum punp. [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 critica
condition of P2/P1 < approximately 0.6 at any tine.
systemasuch @8l dn, amplificatibrocirduit rdt illustra@ds ah @V lcomvertér and the
through the orifice opening becones that. of sound,
likench flow ratd @ompating GheemssTado .conigine woflow Tateo Qicf uslg Zhe
Is expressed as =KP1. [00561 Pressure Pi on the

expresimiantah fiowdate squativhy adidwbiaté Betting eacanse7 s ®Nesiimand the
For the accurate neasurenent of pressure, the sensor

sétdlow Bite QiSloMods aHE & comfpkiativeSmeand 76 t@ bbmbifetths IBvagte

with the gas flow. Furthernore, the sensor part 1is

difiéenesedat gd%e-m: oF (R-Q$) Btwbon fifd ibWeratd QW 16 BB cdhiplted

out of turbulence. Accordingly, tenperature of the

ariFthe Yot AW FatB€ssones equal to gas tenperature T Gas
tenperature T is neasured by the tenperature sensor 6.

[00841P eR@feHing th Figure 8P1PYésThhatedh dabBupply kbGRe211 & pressure
nmeasured by the tenperature sensor 6 so that the gas

rebliatsrCE13{alVes) Ut eprobakishiHapitse? ant18s Rulint plnglas
and the orifice reach a state of equilibrium

[0058)" MPirddsurd TR ont B YoMnstréakie SRBEfrom’ e iifiee - 2 is set
Therefore, tenperature of the orifice can be neasured

conSidbRdly sthalldttharfisressur® 8 6h the _ﬁl_ﬁé?tlfb"a?n Slde ®) evB8uation using
upstream si de and tenperature of the gas are

a RatiiMe Pump, VAltbMafcallNkb Hold afe ! &ritkal Hontkish & PPS<
by the anplification Circuit or the A/D converter.

.. apﬁr&nﬂ?w @b dtidnpainge.arss b estit, @b VSlo&ityeof the\Yakab Flow out

conputi ng

- through the orifice opening 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 desighed 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, thermally, their temperature becomes
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means 7a, and proportional coefficient Kis conputed
fromthe gas tenperature T and-gas properties, and

.the flowrate Q to be conputed by the equati on Q=KPi
by maki ng use of pressure Pi on the upstream side. The
set flowrate @ has been inputted fromthe flowrate
setting neans 7b,and thus, the flowrate LQis
conmputed with equation OQ=Qs-Q by the conparative
nmeans 7c. . Conputed flow rate-difference OQis

equalpuTherdfore, telmpervaturecofdthievorifige peaint be fieasifbdt A tHiR OF We
of opening of the control valve 9 is adjusted to nake

gasx) zero. Wth the opening adjustnent, pressure.Pi on
the upstream side fromthe orifice 1is variably

[0867)1sPressurehBson tiee UpstreanaisikieQand teriferafife Tt 6fthNgas are
obtained wth the equation Qc=KP1 being controlled to

prioeided as voltage, aad turhed toove digital sigriRP$ théanwliféRBdnBReyitor
tenperature of the sensor part of the pressure sensor

ths A/B camvertero [The aligital sighalgasre iIkIRIIADUNE fibw ARIcomputing
tenperature of the sensor part of the pressure sensor

MeHeN B |ndPropatioRINResMEIURK RNcUMgRRed AB/ thé ?Ss thpeTatirE

sensor 3 has tenperature dependency so that the ‘output

T and gag propbried candthe TRW rateS@B $@ bo CHMPURY HYhb BERMIoA UT €
changes. Accordingly, the pressure typeflowrate

QiR malking Qe BLEreESlira®1ion the BpSFéme Bldel Nvention is
equi pped wth a device to correct changes (drift) of

t he OThepsét flowlrafdRs RasbEsh IRPULEEHBIATRS HOW rate %Ettihg fheans
pressure sensor 3 as shown In Figure 9. (25) [00591

7bFagd tusd thesflov RiteA DS ik @8mputeiwith é&wtbndhww&%o%ﬁe

tenperature drift correction device to be used
out put

comphprativepmdangf7ct he zero poi.nt output (that is, _
vol tage under a state of pressure being zero) in the

TS s ton mod AR (W lpalortavialOligoun
8, ricktheulegrde/gfopehiny of ecoidl Vale d @Vadidsted to make AQ.zero.
With the opening adjustment, pressure P1 on the upstream side from the orifice
is variably adjusted, thus the flow rate Qc to be computed and obtained with the
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 éensor 3 as shown in Figure 9.
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Referring to Figure 9, output voltage V of the
pressure sensor 3 is anplified up to pressure voltage
V by the fixed anplification circuit 16 and the
*variable anplification circuit 18. Pressure voltage V

is Inputted to the CPU 20 through the nedi ati on of
the A/D converter 19. CQutput of the fixed
anplification circuit 16 is outputted to the other
variable anplification circuit 17, and output of the

[0G69] atfligurepisi 4 isimplified islocic Uirctultldlagmhh oh thes téthpdtature drift
vol tage, is displayed on the digital panel as

corresticur devite tmbe hisediet aejustraériteof the QeR) pemwmww (iR,
100 nV is outputted at the tine.,,. when 't

cafpot woltage Underda Stats of PPosSANRS BEING M)Cﬁlthéﬁnéﬁﬁé)idib&rect
pressure P1 = 7 atnospheric pressure (that is,

Chategs, (drift) pfibutpat velkyeVeaisedny BeS &foré-fentishss "terﬁ%erature
beconmes output voltage in the range of V = 0-4

with¢iie pressuve itgpe fiiw Rile thstrolfeliceam si de is control | ed
in the range of Pi = 0-3(x102 kPaA) by the pressure

sensReferrl tdwng"mvdlgwut @ {SiBRe’ . SotHaVpRiss@re! i
vol t age \r/nfgl s anplified ?o thg@eful scaP ss Qé“stoﬁe:s 'S

ampiified’ i & predsiratvoltags By thelfixdd %ﬁliﬂCWémc#Ults 6 and the

enbodi nent, a 117-tinmes anplification rate een

driable amgliflestion i 0
vfl xed aﬁ‘plh:lﬁfl er ﬁlg gggd P{éké[ﬁ?lv%idév\ﬂ]@ir?ﬁﬁéﬁva“ agFU%

theoughithe Aiediatién ot the A/DUDhTefdH 1Bt OiRbitH %@ﬁme’d'bﬁ"nphf ication

pressure sensor 3 drifts with tenperature c

‘cifcaR)1 6@bomhus@W@%tlﬁéiwafnhhleaémﬁlﬁbé’ndﬁ&n%ﬁﬁ 19, b bigd sgip'u?sf

a zero point output tenperature drift,

the hangisle antplifiédtibnondeit 1¢“Whﬂh\l§8u [erﬁﬁfé g, i%sdl )Le%dor?{he

out put tenperature drift. The ore nt1on Zero

digitil pénmtswéssnmebmﬁe"@%bmsnaé corrected by, .
adj usting the offset termnal 16a of the fixed

[0660)| | fAssUmidy hHanNCIGD emy. iSOblLgEitt®Nat 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 voltage 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.

[0061] Output voltage of the pressure sensor 3 drifts with temperature changes.
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of the zero point output drift Is realized by the DA
converter for offsetting. That is, when output

voltage V indicates a certain value +v0 at the tinme of
pressure zero, -v0 is inputted to the offset term na
16a, to nmake the zero point output drift voltage

zero. As a -result, changes (drift) in the zero point
out put have been <corrected as effective input voltage
becones vo+(-vo)=0 even when output voltage vo is
ou{pgubha@etswﬁmatfzer@sreemelié téalledbzérb poirt Dethut tehfipetature

0621 The afore-nentioned D A converter for

diift, fRlt butpat EleNYek ARtPURd arfOfiVeNn (pPésstiRAid SdlleBOR S6tput
adj ust msgt and a fa(uffgr 40c, a D/Ab?f)nverter 40b forp

tehipefatefd diit. rent and a buffer 40d, and a buffer 40e for
synthesis. As explained herewith, the zero point

out putrh&lfdré-mentibAEA 26foTsbikoufR tsthpétaturd Briff & Soridicatby
out put drift by neans of applying the zero point

adj®stihg the Effsef f&ﬁrﬁm 164 f theFixed &mpﬁﬁecfﬁsgo%gmg@y,gg{recﬁon

output drift voltage vo |Is reversed,

oo b . Ty i t
ofttls;dfe E@al’ﬁfﬁolr_i’t%tpthfdfrlft Rerealif&d'by thE%/A[Q%gg%ferg?g W i gn&k

circuit for fine adjustnent.

is,gﬁhé‘ri(ebﬁﬂﬁw e FiCites 9 f&?ﬁw Vdife 464 & thetihd BL pressure

t
et ween theaporrectlon 0 anges (drift) 1nt zer

zeR9) Dlyo QinBHited B HRDEHE Ferhlital SIBh! td faRb _ttaé bgrof H:Liot output

scale FS. Pressure Pi on the upstreamside s shown

dritRithge 288! AY ia%esul?,‘%ﬁaﬁb&s%ﬁfé)\iﬁ tHePko0 hoik ?Et?Etehave been

pressure sensor 3 and pressur€ voltage V o

colfBEleBPAS ofRive! Blt Sitdgd BEALsO Do DU0)B by Wnd | dutput

The pressure range is e to be PIm an

" ' j W= | 02 kPaA).
: .vol(i% W’\g}vdbh\ﬁﬁé% fhe fixedBhpiitier )F@at?&rlﬂgsn%’zgﬁ](e e nﬁm)

en gas tenperature

. [062662? PUiheV Q#Jré’h‘ﬂ?erﬁit)nffn@ DR ?«?@f.e{iﬂem&é iﬁgg?tﬁﬁg Gompridbs 1 D/A

o point drift of vo = € maxi mum

7 coRVeHor W08 foPbdarsé YBRMAImdMYhd @b%ﬁtgﬂ:b\%\m’islﬁ‘ﬁgnverter-mb for

connecting vo and vi 1 n Figure 10

fink QERABEASH hACH BIf6 £0d, Hrid %P bferldte 1BF SitHESls. SR8 8 flaiRed
Here, when -vo is

herewith, the zero point output drift is corrected by canceling the zero point
output drift by means of applying the zero point correction 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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~applied to the offset term nal 16a, vo becones 0 nmVv
Wi th the equation vo+(- vo)=0, thus making the
correction fromvo to zero (an arrow a). As the
result, the sensor output voltage at the nmaxi mum
pressure P1m al so becones vo+(-vo) =40.8+2.0 = 42.8
mv. Accordingly, the output of the pressure sensor 3
is corrected to 0-42.8 nV with the zero point drift
correction. The tenperature .characteristics after

Nk@i\gﬁ&i g&‘ﬂﬁrﬁbrs cgﬂ: RV, 1% tﬁé’sﬁTQﬁﬁ&ﬁgut' \)oﬂ &of th8 Q@ﬁs]or is

settl ng o ressure sensor

BN i o Bt

Pls 0-43.8 nV, it is set to the full scale 5V. That
I's, to anplify 42.8 nW to 5V, the anplification rate

oft L PR R, e 9L B o
B T
R AR L 5 D P ST
S5 o o 3R At R
oSSRl e e e St o
= %ﬁsq ?e af %?éuéﬁomﬁ% gu?lg' g‘ aﬁlé&)ﬂ?/\ét Fheé %esgmél 86or Fis
oS08 e B e, oo
e
OB 3505 454978 SR Pt byl SoBEF 8 1 porome
R S AT B W bl 15
(3,54t 18"0~49 VP TUE sbPto! S fEIFEGIE BVt That is, to amplify 42.8
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—wo), and the
output voltage v of the pressure sensor 3 at any given pressure P1 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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correction of the over-tine changes of the output v of
the pressure sensor. Therefore, by defining that the
.zero point output drift vo in the afore-shown Figure

9 and Figure 10 (that is, the output vo of the out put
sensor at pressure zero) is the zero point output
drift caused by the changes over-tine, the correction
nmeans expl ai ned on Figure 9 and Figure 10 previously
and its relation with the setting of the full scale
chagyesefduids (gages).c ahdaerdiagly,iit is undetstoodithatdhe segightdineal’
the zero point output drift cause by. the changes

represents the term)atatum chataoteristice ofthe et v lofithet fréssure sensor,
straight line a° with the afore-shown Figure 10 is

and the straightding iGppodsentscthe temperature tharetesigideLof the litput V
the pressure sensor, and that the straight line C F
of the amplifievar yi ng characteristics of the out put V of
the anplifier. [0069] Detail ed explanation on how to

[0068% uOa thé ethay hand, iwith the brasentingastion, haasseli€ tHesidrs point
of the output v of the pressure sensor 3 illustrated

corredtiba ofather eves-timancliarges cof3theColtp@Uv &f Ghé rrﬁéﬁb‘iiré( %eh§or
omtted herewith. The | apse of tine and the vol une of

Thdrafoye sby(dbfinfng thatlthegero\point oUtpun Erift &4 iA ttwame-%vw Figate
the pressure sensor 3 are neasured by making the

9 pnd $dgure 10nghat ds, tthe opipREvEof thelwrmit sehbst R RESUFE zero) is

sensor 3 is assenbled in the shape as shown in  Figure

thﬁ_ zerp I moistuoatpatedift (Caased! 'b?/lﬁe%hanb@s Q)v'éﬂhhb; thd'@brrbétion
=0(x10-2 kPaA) by use of a vacuum punp (not

meérhswtplahedi bn Figuré 9eandPiglired 0 praWoudRaridits i#i%ﬂé‘i‘iemﬂf the
changes vo (29) of the zero point output of the

. seftingscfithe fllbsealy (FS)amomaa?m@@bw ekt is2 t it @nfektiont BEthe

pressure inside the pipe bei ng held at any given set

- zewapoinat olitPOi/dlift cHuee bl e clidiyes ovbetithe. 3 i s a
characteristic diagramof time-varying output whi ch

| TRt e Bt e SEaBA T, g
Figore mMisntie tindaaryirs eharactBristcs bf the output v of the pressure
sensor; and that the straight line C is the time-varying characteristics of the
output V of the amplifier.

[0069] Detailed 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, P120(x102 kPaA) by use of a

vacuum pump (not illustrated), or the lapse of time and the volume of changes vo

(29)




Is shown on the lateral axis, while voltage vo of the
zero point output drift Is shown on the vertica
axis. The output voltage 2nV of the sensor is
equivalent to 0.1%of the full scale at the tine when
the full scale is made to be 100 Torr. The line of
the PT output O nmV shows an |deal situation having no
drift. The curve represents the zero point output
drift actually nmeasured. The drift differs depending
oftife 3@rdcht cukput lof tHy RBssUTe sBRSIE are, mEKBURAE UndéiSa state of
stated above, it will be approximtely 0.2-0.3%S
thé peessdu inditle #id sipe W@g(haataehuy ?ﬂ/eﬁ gbt valigg)d
approxi mately 0.4%S (vo=8 ter approximately 6
[0070]r STheodfdred-Stovare FijuR® 3Nk a @uérautenstid araﬁmh toAQitneLParying
applied to the offset term nal 16a of the fixed

oudiR I Hitls BlubPates iohe Udxample b tHegera st -dutsiwrddfi By tiee fime

[0071] Wth the present Invention, it is made in such

chang@'orthe!pigésurd 88ndoh 8 whérRvaliaied Gndér vacBamNt TRHE PHE)
drift vo of the pressure sensor 3 becones |arger than

is sﬂeﬂ;ﬁ%&h@t IBfdrall &xis, VARleZ@IRgE Qodf tRAEZBKS pBink fohtﬂ(ﬁ d?fft is

, an automatic zero point adj ust msnt of

shB\Fvﬁ%’ﬁLthé vaRIBaIUxis3 ITheRRAGA "vﬁﬁé{:*é)ﬁmVRﬁ'lﬁé %sbl“% ekﬁﬂ\%lent

point output drift vo to the fset termnal 16a of

to bhe, bF #RAruf bl 4t Qﬁé tite vdrtthktfull 8calé "L"M@dé o ’BbgﬂfoeTo?‘r

The reasons why the afore-nentioned - 3%S i s mad

ThkQinB%faRe FAULHBUL & ShV §ﬁ&k§ﬁﬁ%é§l'sﬂ&atﬁdﬁr hé\hﬁ; no drift. The
time-varying zero point drift are that, after the

cufv@srébﬂesaﬁtsttﬁ’& zErRPdintidtEiut dfift %‘Mbally‘ niiaGiifed, 3The dﬁft%ﬁé?s
6 and others, it has been (30) -learned that the zero

deﬁé’r\d?r‘i% & sarhplé8 of N résaife S8HsYr ! AYEWelet, R statBdabove, it will

direction V\,hen mai nt ai ned under vacuum and al so 't hat

beté@rsﬁmatdsob%oots%ﬁs Ob=4-Bem¥) After %fgprd%nl%e%*% KR =and

I's wthin practical toleranc pressur e

apﬁ%ﬁﬁ%ﬁel? 0.4%P8 (vak8 h%%?éﬁérﬁxmfdtél? b ’hoﬁrd HAG TR Yerb Point

de to see whether or not the output
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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voltage v of the pressure sensor 3 is on the m nus
side. It should be noted that gas pressure has al ways
been applied to the pressure sensor 3 while a

" pressure control device Is in use. This nmeans that
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

ichittld thBetHY e6rdUpENCamt o ban o@@w 6Rly tdwaeRll the"mih@: direflon

that no gas is running. 73] Wheh nmai nt ai ned under

wHeisuum it is certain that the time-varying zero
poi nt output voltage drift of the pressure sensor 3 is

ma nmuécheﬁuér%cmrﬁumanemhat s gbﬁu dhi ofﬁ‘n LHF&'&ro?t ood

e pressure sensor 3 I'S mal ntai ne vacuum

—~Y13%PS (R d;ﬁ%vz.st@mugb&eﬁca@ioué&n@e of the P@%J;%Fé }eﬁsfors

e out put ressure senso

[Otﬁﬂ%]t hSorBréteRy, +s‘€|ea j%@ﬂfefl\} ISAEI?H 6 1 885 Wwhether ot didt 1B B@Iﬁﬁt

out put tage the pressure sensor

vdtltlﬁﬂeootfh‘?e %Qélﬁe%bﬂ?oréu@% . ﬁé Hﬁﬁ WES e.Of the

varying zero pol nt e perforned

anyt i ﬁ%hB? ofeH ﬁ’aﬁ{ éﬁ’s hntéﬂgs t Qfasoélﬁéﬁé‘ rb%eﬁ%?li%ﬂ ﬁ’]‘ﬁhe

rate contr eV|ce e of No use
R i o R AL P
thife i 1 cHeBY tnafthé Bifput bbildge Q'f i ipyde 38H4T B3Pk
. iy Vi 5 s i 0l 1 g
pré’@u?@s?ﬁéﬁ :f‘fg on Q%Wim sfdgehztfﬁﬁoﬁr?' IFét tﬂél&éﬁﬁer% 'oﬁntr?l :

automat| cal e sel t est

.debéeh%‘ﬁ%ﬁﬂy%@a% c{ﬁsm&lg&éfsfram ggf the time-varying zero.

ssure sensor 3 is required.

[Oéf%ﬂzrﬂl)rl)é:dcﬁ‘é!:rﬁmf@% Pﬁ?ﬁe\%%@rh! R Qe B AL Yhnyiddfzero
point output voitage 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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pressure control device. The explanation is omtted
herewith because a pressure sensor 3, a fixed
anplifier 16, variable anplifiers 17,. 18, an A/D
converter 19, a D/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 1:1 is

AR cadd Wabiths fo@PRaethe cutila drift VETithe prodslredeRsor dxgeeds

mounted on the output side of the flow rate:

thb sBEdIid, thé Qﬂfuﬁﬁﬁérﬂ df ﬂ'%r Zerd point Arift Ve isf ALASMARdlly performed
computing neans, and the tenperature detection signal
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tenperature correction part. Wth Figure

pdﬂﬁ%rﬁ%ir?esp@§ﬁrésﬁﬂgdrq fserét?uuf’e%i’ 43, 44 AN D

converters a control cult, 7a a conparative

[067(?]0% are® 91 s & \detafiRd l??éll %qrélﬁt 8f thd'@BhirdlY circuit of the

rection part 1 n the ow rate corrputlng nmeans,

f
pré?é?]?@r H’SP deWcla U Ther bﬁﬂéhéilbn”fsa%?m@%dr Itrié?evﬂ{rﬁ%%%@se a

I me-varylng zero polnt correction
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clrcult contro not trate

coﬁ%ﬁérqlel & %/K%Bn% 4N8r SR §h& .@hé’\fg{?ha Pgﬂge %H"l@ 4§ those

mthé sal d pi ezo-step-up rcwt
shﬁ wégg zer o point drlft correction nmeans 49 of
We pr ssure sensor i s equipped with a neans to judge

o1 T Rl o 1
r negH%g%tslaéir\]é‘gg ﬁga;!nﬁ gjz'lb @{}Fjdlﬁgréﬁeéel {-:Lﬁ?ure 1 isthat
the ng? r{uzéra{ g)sur(gbpﬁh%}?at&g ﬁté’]‘fté@lonvtﬂie ! 'hs‘fdnesﬁlt the
o e 5 bt o s v

tethperdfitfre dbfactibh sighat frofPhe' BRipFhture 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 'sensor. 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.

[0078] The time-varying zero point drift correction means 49 of the pressure

sensor is equipped with a means to judge if the input value v from the A/D
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closing of the control valve 9 is set, or (3) if the
pressure setting signal Vis less than 0.6%S (V=60
nVv - sensor output voltage v=1 2 nV) is confirmed, and
also when it is confirnmed that output v of the
pressure sensor 3 is nore than - 0.13%S by the sensor
out put judgnent neans 49a, then voltage for the zero
poi nt adj ustment (vo=2.6 nV), which is equivalent to
+0. 1 3%S, is automatically inputted to the offset

cohfémar®d ekésedstthe!det vhiuseG- a0MBdFSeatd eVy i(a ehsorléutput
fromthe D/A converter, thus performng the automatic

judgPhéntRRdats 49d), Lé?fd@f’épd@dtlﬁd’ébr@iﬂohtjudgm%m Whedns249b tofdge

equi vaI ent. to the tine-varying zero point drift

eltﬁép if nﬁht fr for‘i;@d’ clRSRYIB LcsitidE 0alvE © I8 Bef 851 BhePressure
herew t 0079] Figure 12 is an operating flow
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rectlon neans 49 of the pressure sensor according
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Ing, or the input 'signal Vo for force osi ng,
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a | udgneht 1Ts made etermne if the afore-nentioned

wh\é{rglg ?{/&gﬁﬂrmeg that Getput ¥ of Jﬁe 6erﬁQuréi’ 'seRSr- 3 W inbrb rlﬁan -

_ udgnent "i's nma determne 1 f Vc Vo
t !
o FE4E Ty 8Bl 20 0 ity o v

o i 4L s GO0 199 W oy
-“inthlh‘l’t(%H Llé ftl(zé)’%)’fséi%ﬁﬁ'iﬂﬁl a. &t/tho-fikel Mllflbétld?luélmdﬁtt@frbﬁl the

set termnal 16a of the fixed anplification
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tot present 1 nvention

output ribr@’;n"w ehﬂlvalteh?toqﬁ@ rtﬁ'néﬁéﬁ?ﬂﬁ %EBJf)&nﬂ dﬁfP(-EO.ng%F§)Jof

'nclusive, ‘the present inve expl al ned based

théj@’gﬁ%ﬁ%@ﬁwﬁ‘é JdRefcd@Mere@its. contr oI device to be
[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 m1, 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 ms,
a judgment is made to determine if the afore-mentioned v exceeds — 0.13%FS
(v=—2.6 mV)or not. With the step ms, 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 Ve>0 or Vo>0, or V<0.6%FS is satisfied (step ms), then output
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critical conditions. However, there is no need to say
that the present invention can be applied to the
pressure control device to be used under non-critica
conditions or the pressure sensor to be used singly.
Feasibility of the Industrial Use [0081] The present
invention is mainly used. for sem conductor
manufacturing facilities or chem cal products
manufacturing facilities. The present invention is
valthg® ofi tid+2.6usW) is routpretted tee thiss offeetr termimal Hi6g hofdther fied
of accuracy l& required to control the flow rate or
ampiificatignpdiscuji éxitivtbe stegf inei ds such as raw gases. (34)
Scope of Claim|[1l] An automatic zero point correction
[0080]i OHith dhe ambodinsant aceertdiny to theaprasérndrinventioy ilestratedsin
constituted that, with a pressure sensor to neasure
thé | aford-ghoemis Figare tihto Bigupeit11vinciusiye, thieoprdsent investion evas
sensor is outputted to the outside, the
explained-asetiomthd pressars typotflow rateotortat device tpbé ueed Under
the tinme-varying zero point drift correction neans of
critiet conditions. e HmveseF, there) is gmead to isay td ¢hd predehkinvention
if the afore-nentioned sensor output voltage is |arger
cahltsen appliet] &ethes pressurs tointid) alevitiedtos be used auriden tnon-critical
judgnent neans of the tinme-varying zero point drift
coR@itioREor the pressire seisdr fdbé Dsdd sihdlg. operating
conditions of the pressure sensor are. judged wth
the. afore-nentioned operating ;:condition judgnent
nmeans of the tine-varying zero point drift

FeaSibllinCéfithe idbetial Usde time-varying zero point drift
of the pressure sensor is cancelled when it is found

[00813t ThEredemt inventidn RNREinheassl fob sepicondgdtoaganifacturing -
| arger than the set value and the operating conditions

facilitiet lof chemizalprodeets anufdcturingdacilitidse  Theprdsentinvention is
conditions previously set. [2] An autonatic zero point
alsoaxitelytuset inlehe fields Whebe [Hechigh ldegRRNGfaaccamcy lisireqibted to

control the flow rate or the supply pressure of fluids such as raw gases.
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in CQaiml wherewith it is so constituted that a

sem conduct or pressure sensitive elenment is enployed
for a pressure sensor, the output voltage fromthe
pressure sensor is outputted to the outside through
the anplifier and is inputted to the tine-varying
zero point drift correction neans of the pressure
sensor through an AID converter, and further the
output for the zero point correction, which is
identical to the afore-nentioned sensor output voltage
and with reversed polarity, 1is inputted to the offset
termnal of the aforsgopeotCrirad amplifier fromthe
(35) afore-nentioned tinme-varying zero point drift
[1$0 ARC ldinadtRaRerd ot RofrE&tion Meviean¥st aeipre¥sare tdemsor

Sensor output voltage is larger than the set val ue and

chesc éelﬁ’ieew %Flﬁs%%eﬁsﬂt@teﬂ' MRS withea pRIssGRESEsbN % measure

condai tions automati c zero point correction

ﬂ@&bké“s%uifeo th& oBfR® YERALeCHREh 'the p?&éb?@seﬁdﬁﬁ@@&@bﬁé&% ke
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a pressure sensor nmeaSure fluid
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zero point t correction neans of he pressure
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me-varying zero -point drift
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pressur ensor are judge

-;u@rﬂé&r AR3hs %@@leoma%byi}sg SRR inbir®yrifi dewedERh-ABaRS, Bk
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e tine-varying zero t correction neans, the

tirﬁé—UEZ?ﬁg r%éir@ go@g bRt Bf’{h'é;p ?ééufré s8hsdr h@cﬁo‘éﬂéﬂvﬁeﬁ /NS fdund

en it ound that the
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he se conditions of th

th®" Sperilify SBAGHbNETdt HhBdBFeshiife S8R b0 under the operatmg
conditions previously set.

[2] An automatic zero point correction 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 vbltage 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 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 ampilifier from the
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conditions previously set. [4] An automatic zero point
correction device for a pressure control device as
clainmed in Caim3 wherein it is so constituted that a
sem conductor pressure sensitive elenent is enployed
for a pressure sensor, the output voltage fromthe
pressure sensor is outputted to the outside through
the anplifier and is inputted to the time-varying
zero point drift correction nmeans of the pressure
afererraentianedo ULijne-varyingZese poiat duift corssrdion means through the D/A
output for the zero point correction, (36) which is

- conventeri when the sensonpuiput Nelfadeoisdaraes thasy theused yalueaandathe

3

+
kY

and with reversed pol aritiy, is inputted to the offset
pressune sansasfs under fiesel-operating eenditiahs| i fi er from t he
afore-nentioned tine-varying zero point drift
[3]c oAn extdtdroaticreenaspoinh canmrgtion hdevityeafar on peassuere oprirol tdewice
sensor output voltage is larger than the set value
charadtarized pbye beingescs easstituted thatiewitht the peassuigecentiohglevice
conditions. [6] An automatic zero point correction '
eqdipped ewitroa ¢dndrop valye foe ptessard contral ind a poedsucd sersarde
characterized by being so constituted that, with the
measassfluid pregsare, tHd awtputaioliage fromathe gheassure semspr is Outpyttad
orifice for the flowrate control, a control valve
to rives ouésiden nthe haforepmenticmed ssahsop iquiput roltagd dés inpukted dp the
and an upstream side pressure sensor installed
timeetamiag zeloepainti driftoerrectibrt imeanoof the presalressensor afjudgment
upstream side- pressure Pi to control the flow rate of
is mbde tb detesming if the afiyb-rhérdioned isBhswr dugput eltagesis laggen than
side pressure P1, the afore-nentioned output voltage
the setnvaline withdhe said sensepouipsit judgment etbane dftike timewarying
conputi ng neans, the afore-nentioned sensor output

- zeroopoiat) drift Tormeptidrt awkans, aimek furthes-theroperalingecandjlionstof the .

drift correction neans of the pressure sensor, a
prgssdmpnsehsors anmjadded svithethe raforefmentivned f apearating tcoodition

sensor output voltage is larger than the set val ue
judgirteint t ineans aofd tbe ntme-vaniimgt zgrad goinht coremtion omeahs, the

time-varying zero point drift correction
time-varying zero point 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 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 correction,
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means, and further the operating conditions of the
pressure sensor are judged wth the afore-nentioned
operating condition judgment neans of the
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
which isniflenticaletoo tha aferegmentiomiedi sensoprautputuyditageeand | with
An automatic zero point correction device for a
rqyeesedupelatitypds finpstiedatoe thies pffselo tarminal dafvihee atose-manitiored
in Claim5 wherein it is so constituted that a
amplifies fomuibe@forpmesntioned imesvarying zetogpaintidriftcomeptian/means
for a pressure sensor, the output voltage fromthe
thpoughstbe ©/4 enpverter whent the tsepsbrtautputvotiagesisdargehthandghe set
the anplifier and inputted to the tinme-varying zero
vahee and the pressure sendar dsumdsmitise sét opelating rceaditioss.sensor
through an A/ D converter, and further the output for
[51 hAnzaestomatioezerd maintr eotection dehice Hoit thei pressiire aypd Gowhate
af ore-nmenti oned sensor output voltage and with
cantrobdavich characterized bysbeing so tenistituted ltteat olvitts tHe pressura #ype
of the afore-nentioned anplifier fromthe
flowf tate contndlidenied compeisingran arficedfoothediow rate icbhtrol, a control
correction neans through the D/ A converter whey the
vabenmounted bp dhe updtieapeside pigesfr@mnthd bidficet amd apupsteéars side
and the pressure sensor is under the set operating
pressutié tsensor. inftalled\betwdennthiei arificer andpthientortrl valvei tondetect
device for a pressure type flowrate. control device
-upstreamcdide” pmsduie)P1 toetomtrob thecfiovs rate Wf didid pedsingrihrdughhibe
pressure type flow rate control device conprising an
orifice bycthefupstredra dilepressum Peoheciforesmentivried! outpal. veitage
nount ed on the upstream side pipe fromthe orifice, an
fronp the peasseiedsenspr &s eulpatted s thie flowtrate esmptingermeahé)ethe
orifice and the control valve to detect upstream side
afqreenentionedsenson dutput golteger is dnputied do fivectimenvaryireyzero point
nount ed on
drift correction means of the pressure sensor, a judgment is made to determine if

the afore-mentioned sensor output voltage is larger than the set value with 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 of the
time-varying zero point correction means, the time-varying zero point drift of the
pressure sensor is cancelled when it is found that the afore-mentioned sensor
output voltage is larger than the set value anq the operating conditions of the
pressure sensor are under the operating conditions previously set.

[6] An automatic zero point correction device for a pressure type flow rate
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the downstream si de pipe to detect downstream side
pressure P2 to control the flowrate of fluid passing
.through the orifice by both upstream side pressure P,
and downstream si de pressure P2, the output voltage
fromthe pressure sensor is outputted to the flow
rate conputing neans, the afore-nentioned sensor
out put voltage is inputted to the tine-varying zero
point drift correction neans of the pressure sensor,
enfroligevine ass claimedtin Glaimr i wherein tithés abocenstuted dhatd a
sensor output voltage is larger than the set val ue
spmi¢pnduetos pressyren sensitivet glamenB B) empldyed: for apeersuns sérzer,
time-varying zero point drift correction nmeans, and
thaioutput valtagedtom the pressuneciensomis cutputied tpities sutskie through
sensor are judged with the afore-nentioned operating
theramiplifies ang infutted tto thesstinae-vatying zeme puint giift gorzédtion rednatof
drift of the pressure sensor is cancelled when it is
theopnessura aensdréhratigh an D icoovertbr,smisorthearthe vlitpuefor 8@czero
is larger than the set value and the operating
poinhdorréatios, which ieidenticat to thessformentichedséhBoit Hdtput voltage
operating condition previously set. [8] An automatic
anér withoiremersant r paladitgn ideviputted Oto ather &sfser etekniingl fdfothe
rate control device as clainmed in Qaim?7 wherein it
afose-gentiomst ampiified fliohathecaforeanbRtiuhdd Ginf-vatyRELere point drift
sensitive elenment is enployed for a pressure sensor,
cerrestion ruaens\thidugh ehé DiACcoheertur agmBe SBASON output voltage is
outputted to the outside .through the anplifier an
largerithanu thee dett valué laedt thetpressuyé Bensairie unden thelséf bperating
correction neans of the pressure sensor through an
conditionsnverter, and further: the output for -the. zero.
poi nt correction, which is identical to the
[7af Ancautemafiored peins eorrectioRUdeviotd fdrad PréssdraVitidd flow rate
reversed polarity, is inputted to the offset term nal
cantrot deviceadharactenized mynkpaing 5P cofstituted k) wiktethe pressure type
af ore-nentioned tine-varying zero point drift
floyorate contoot deviae contprisinghart trifice/fér therfiow iate cohtes!, & lkentrol

sensor output voltage is
valve mounted on the upstream side pipe from the orifice, an upstream side

pressure sensor instalied between the orifice and the control valve to detect
upstream side pressure P41, and a downstream side pressure sensor mounted on
the downstream side 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 from the pressure sensor
is outputted to the flow rate computing means, 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 the set value with the said sensor output
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| arger than the set value and the pressure sensor is
under the set operating conditions. [9] An automatic
« zero point correction device for a pressure contro
device as clainmed in daim3 or Caim4 wherein the
set value as a reference at the sensor output
judgnent nmeans of the time-varying zero point drift
correction nmeans of the pressure sensor becones the
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rein

af?f@awepﬂ@@epp%rsﬁnf'%_t@ﬁaﬁ% Egéﬂ‘lmggn@%@.at%Pewaﬁ-erﬁglﬁvgatzero
Pty I %zé%%ﬂrép%%ﬁ?o 2 ”ef@hf«‘?e Fhont b dpuncythatrthe

ressu sensor ar three conditions, that
afpis” @9%& “Gronde Sl Nclags o Garopt iriegu g soh velus archibe
control v sts mhether or not a signal for
OReEsRINgICN nﬁg) tt {PFRSSHESONSOT @ Yadercthpqperatingqcqndition
set signal for the flowrate is zero. [11] An
mﬁﬂ?%ﬂﬁg?% zero point correction nmeans for the pressure
e flowrate control device as clained in Caimb5,
[8b B rAutomalica zerospeint eprEecioy davisecton a prassurestypRelinw rate
that the set value as a reference at_ the sensor output
contialy feMee i rtaimed iphelaimnd-whergimd iscse prnstituted that a
correction neans of the pressure sensor becones the
M#cfeutpﬁﬁsuceoﬁ?raﬂe'eeﬂamem Eamplayedfor 3 peassurengenser,
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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.

[9]1 An automatic zero point correction device for a pressure control device as
claimed in Claim 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 preésure sensor becomes the sensor output voltage equivalent to less than

control accuracy of the full scale pressure to be detected by the pressure sensor.
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control device as claimed in Claim 5, Claim 6, Claim 8 or Claim 9 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 less than control: accuracy 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 5, Claim 6, Claim 8 or Claim 9 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
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temperature drift correction means of the pressure sensor mounted on the flow
_rate computing means of the said pressure type flow rate control device.
[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 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.

41



