SPECI FI CATI ON AUTOVATI C ZERO PO NT- CORRECTI NG DEVI CE
FOR PRESSURE SENSOR, PRESSURE CONTROLLER AND
PRESSURE- TYPE FLOW RATE CONTROLLER Field of the
Invention . [0001] The present invention is concerned
with a pressure sensor, a pressure control device and
a pressure type flow rate control device to be

enpl oyed mainly in sem conductor manufacturing
facilities, chem cal plants and the lIike, and also
concerned wth an automatic zero point correction
device for the press@rP&@lEﬂm@Aﬂ'!Oﬁhe pressure control
device and the pressure type flow rate control device
whi ch has nmade it possible that the occurrence of
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ressure_ _detection val ue

over-time to changes of
P&%%%HB&CS%NB%QLEEH A@iﬁ&ﬁﬁ%ﬁrtﬁgr%—@& HATE CONTROLLER
correction in the event that a volune of the change
(a drift volume) in the output exceeds the prescribed
set value at the tinme when the output of a pressure
Fisidrof dire Ingentiomasure fl uid pressure changes over tine.
Background of the Invention [0002] Wth sem conduct or
- {OB@tjuf Bt presery ifanitibh tis esncantbdCWRITagRbsUre dBREST, a pressure
manufacturing facilities, it is required that the flow
contibledevick andss pressofe typy flg@safe tontht deviedl ioBe Elﬂ!rﬁ’ployed
controlled with the high degree of accuracy. To neet
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flow rate control devices and pressure sensors to be

andnglso yerhicémied t Wittt &ind ulobRAichadte  RAst coleactibR PdsVicd ﬁr the
[0003] Figure 13 and Figure 14 illustrate one exanple

prexsute) sensonVviet presdre fdodtol d&lics aAAthe lprédre Bpefidvd rate
Figure 13 (the US Patent No. 5146941), gas pressure

coftrolaevickavhits has Aade itl podsiientidieh® btédrfehch dfMeasurement
differential pressure S P between

errors on the pressure and flow rate due over-time to changes of pressure

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

measure fluid pressure changes over time.

Background of the invention

f0002] 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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the inlet side of the orifice F and the throat part
are inputted to a conputing neans C, and the gas fl ow
rate on the downstreamside fromthe orifice is
controlled to be the set flow rate by the open/close
control of a control valve V through a valve
controller VC based on the flowrate Wj conputed with
the said conputing neans and the set flowrate W.
This is what is known as a so-called differenti al
pressure type flow rate control device [0004]
Simlarly, Figure 14 (TOKU KAI-HElI No. 8-338546)
u 3
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undif &ifibal bREIEXAFYS: < 8453850 Wherein the gas flow rate on the

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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tenperature and the Iike. That is, a pressure sensor
pl aced in the sane fluid pressure m ght have a

di fferent output value due to the changes in fluid
tenperature. [0007] For exanple, with the
afore-nmentioned strain gauge type pressure sensor,
pressure is converted to voltage, and the relation
that the pressure on the horizontal axis corresponds
with the output voltage on the vertical axis on the

ar@ﬂ?ﬁ‘an‘e%&é&%ﬁl‘deﬁhed And, the output characteristics

at the output voltage reaches zero when the
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appl i—l%%e(rgr, ﬁtr]'?aspﬁge%sﬁjioﬁwns ﬁﬂﬁ,%i‘th the pressure sensor in reality,
the sensor output changes even under the same gas pressure in the event that
gas temperature changes as described above, and that characteristics of
pressure to output have no direct relation in a strict sense.
[0008] Concretely, when the pressure applied to the pressure sensor is zero,
the sensor output is 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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When the gas tenperature changes under this state, it
is anticipated that the output voltage changes from
20mV. As descri bed above, the change is what is

called the tenperature drift of the span output. In
fact, because of the tenperature drift of the zero
poi nt out put, what changed with the zero point

vol tage (the zero point output drift) are added to the
tenperature drift of the span output with any given
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orifice, there are included errors with the pressure P1, P2 when the output
voltage is directly converted to pressure due to the reason that the temperature
change characteristics which are a temperature drift of the zero point output and
the temperature drift of the span output are included in the output voltage of the
pressure sensor.

[0011] For this reason, inventors of the present invention have developed
system technologies which allow more accurate 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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pressure sensor by enploying a conparatively sinply
constituted device, and achieve excellent, practica
effects. [0013] However, it has been recently |earned
» that there are existed not only the output voltage
changes caused by the afore-nentioned fluid
tenperature but also the output voltage changes over
time with a pressure sensor, particularly wth the
pressure sensor which enploys a sem conductor pressure
NoSOFi-80d9@ 0. € ement. The afore-nentioned changes of the
out put voltage of the pressure sensor over tine have
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14694 Pat
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sensor over time have become more noticeable when it is used in a state of low
pressure (for example, in a vacuum of 10 ~ 10 Torr to approx. 100 Torr) on the
sgcondary 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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Patent Literature 3: TOKU KAI-HElI No.10-82707 Public
Bulletin Disclosure of the Invention bject of the
Invention [0015] It is an object of the present
invention to solve the afore-nentioned problens with
t he conventional pressure sensor for which a

sem conductor pressure sensitive elenent is enployed
or the flow rate/pressure control device for which

t he pressure sensor is used, nanely, (1) that contro
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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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Wth these test results, it has been |earned that,
Wth the pressure sensor which enploys a .

sem conduct or pressure sensitive elenment, (1) the zero
poi nt of the pressure sensor changes over tinme, (2)
changes of the zero point over tine shift toward the
m nus side without exception when used under vacuum
(that is, the output value under pressure zero in the
pressure-out put characteristics shifts toward the

MéE'n%%A%'h%@% thé‘@ﬂie@?’) the zero point of the pressure
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pressure zero, for example, toward the minus side by voltage Av equivalent to
0.2% of the full scale output voltage, errors of pressure control accuracy rise by
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 leamed as above. The present invention as claimed in
Claim 1 is fundamentally so constituted that, with a pressure sensor to measure
fluid pressure, the output voitage from the pressure sensor is outputted to the
outside, the afore-mentioned sensor output voltage is inputted to the

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

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

- operating conditions previously set. [0018] The
present invention as clainmed in Claim2 according to
Claiml is fundanentally so constituted that a
sem conduct or pressure sensitive elenent is enployed
for a pressure sensor, the output voltage fromthe
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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 fo the time-varying zero point
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time-varying zero point correction neans, the
time-varying zero point drift .of the pressure sensor
is cancelled when it is found that the afore-nentioned
. sensor output voltage is larger than the set val ue
and the operating conditions of the pressure sensor
are under the operating conditions previously set.
[ 00201 The present invention as claimed in Claim4
according to aim3 is fundanentally so constituted
L hat 3a.sem con tor pressure sensitiye el nt is., .
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_output voltage and with reversed polarity, is
with ) tif ¢ @ "%'H‘Gt%r‘fl@" f QRerating neopditiory judgmefty reearsht 9fofbe
canplifier fromthe afore-mentioned tine-varying zero
imeyaRing £8r0; PR GosectiThmeansdhe HMso(atyipg gety point drift of the
converter when the sensqr aqutput voltage is |arger
prespue 3805 [t canselled wheR e fowid et e S mentianath sensor
the set gperating conditions. (0021] The present
outpyt, ¥oltags s darger thanethe; set vplierand the enaratingeprnditiops f the
constituted that, with the pressure type flowrate
Pregsiiesensefe Medenthsaperaiiposendiéipns prexiously sehe f 1 ow
rate_control, a control valve nounted on the upstream
[0020L1eThe)Pprsent dnventien asiglaimed inffaigh 4 arsordingrie Clgim 3 is
) ressure sensor installed between (9) the orifice and
- fungapepisily so constityted that ajamiconduetaor prgssyresensitive elgraentiis
to control the flowrate of fluid passing through the

- employed QI pressie fREEPT A Qutpwt ynitage fiem the pregguge sensor is

- af ore-nmenti oned out put vol tage fromthe pressure .
-+ outgutiedtio the %Eﬂqeﬁtjﬂ%@e‘t'ge mpiinen ang isdnrutied ip the-Higervaning
t he .af ore-nenti oned sensqor output voltage is inputted
zerp oPqipke dfift rear(ection nBeses Of Hhenpregsure; sensor dbrush AR AL
of the gressure . . L .
converter, and further the output for the zero point correction, which is identical
to the afore-mentioned sensor output voitage and with reversed polarity, is
inputted to the offset terminal of the afore-mentioned amplifier from the
afore-mentioned time-varying zero point drift correction means through the D/A
converter when the sensor output voltage is larger than the set value and the
pressure sensor is under the set operating conditions.
[0021] The present invention as claimed in Claim § is fundamentally so
constituted that, with the pressure type flow rate control device comprising an

orifica for the flow rate control, a control valve mounted on the upstream side

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

af ore-nenti oned sensor output voltage is larger than
the set value with t'he said sensor output judgnent
nmeans of the tine-varying zero point drift correction
means, and further the operating conditions of the
pressure sensor are judged with the afore-nentioned
operating condition judgnent nmeans of the
time-varying zero point correction neans, the
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outputted to the outside through the anplifier and is
sengohLA fusigment ismadp a detgrpningif the afore-diettioaed sensor output
correction neans of the pressure sensor through an A/D
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correction, which is identical to the afore-nentioned
of thertirae-vabyinsuzerodiaint gisifiagniragtion meansy aad fyythesthe pperating
inputted to the offset termnal of the afore-nentioned
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point drift correction nmeans through the D/A
condifigreiudgmenh@maans ef fertiae-vatyinguzerg Gloind gerrestioraingans, the
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[0022] The present invention as claimed in Claim 6 according to Claim 5 is
fundamentally so constituted that a semicqnductor pressure sensitive element is
emploved 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 voitage 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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orifice and the control valve to detect upstream side
pressure Pi, and a downstream side pressure sensor
nount ed on the downstream side pipe to detect
downstream si de pressure P2 to control the flow rate
of fluid passing through the orifice by both upstream
side pressure Pi and downstream side pressure P2, the
out put voltage fromthe pressure sensor is outputted
to the flow rate conputing nmeans, the afore-nentioned
- __sensor_out ut voh.I ¢ Jdnputted to~ the
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larger than the set value W|th the said sensor output judgment means of the

time-varying zero-point drift correction means, and further the operating
conditions of the pressure sensor are judged with the afore-mentioned operating
condition judgment means, the time-varying

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

[0024) The present invention as claimed in Claim 8 according to Claim 7 is
fundamentally so constituted that a semiconductor pressure sensitive element is

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

(1D



afore-nentioned tine-varying zero-point drift
. correction neans through the D)A converter when the
sensor output voltage is larger than the set val ue and

- the pressure sensor is under the set operating

conditions [0025] The present invention as clained in
Caim9 according to Cdaim3 or Caim4 is so nade
that the set value as a reference at the sensor output
judgnment neans of:the tine-varying zero point drift

oufef 4 o5 G Blgh o a4 6 88 o RS RS i
zegoe{bgi@e«aﬁr@#&%@fﬁ@éﬁﬁe&@g@@ssﬁr i o
cob{?é/ it ér?#l{uil%s 2 Lﬂﬁ%&bf H'%?t gqr{qn @%ggt%%%%r@folc{{,] %ﬂbc% is lgentlcal

ndi.ti ons as referen at the t|n condi ti on
to; %g%fﬁfmﬁ'é%@ oFSTISHE QUL YPA*PQF@CQ g\’?ﬁ dgpelagty, Is
r s of t essure sensor are nmade up of
'"Rtﬁﬂes %Jﬁ%ifﬁesaﬂs‘m'ﬁ % ?-mantigned, Ampjitier gfﬁ%m the
for f rcg& open n to the caérol val ve exists
t‘"%o\'ar&' .Z&FPaPO% rift gprrection lagw.!ﬁgtwgmtbe D/A
vaéhve exi sts the et signal for the f]ow

I
°°P‘éﬁff$r ?@% 8 59["69"29‘]' % ﬁgsgas rgphmtherﬁeayawpaa%@e

toCIalm Claim6, Cdaim?7 or

aim 11l accordi
r@sg{e,ﬁegspgaswdﬁﬁﬁ@ ﬁqgQPe’laHEQ%"t‘ ensue as a reference
[0@% t?.s sens out rrent neans of th
e 108 RFE i'é‘feé‘" 'a.aﬁtc eﬂt'nc@am&amrq'ne)to (Flaims 3gr

the4pressurag ﬁ g@ beco s the sensor out put volta%
3é'?.i'u Vi ¥nfadg thalie sefaya %msrmref@e@meaetj ther sengor rqutput
FS to be detected ressure

cal ress by th
o%frsﬁ?‘&r‘ﬂaeﬂ?mzemnwm F'é*ﬁ cgregtio megnsof the

12 di to C 5, . 70
..pr@gé%@qoz%@gawggsng oot BBkt VGhaenP YRR lasan ©

'cor%rol accuracy of the full scale pressure FS to be detected by the pressure

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

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

5 s 550 b5 5 Sy B At &

e
o BB GAM TS, 008 BRSSP e W5
fl t
aigHopen =01, Tounted on e 1 o rat e compu

088 S A, TR S A i
C’@@\“ﬂ%’é‘*@ Jor (Bim3 4 %ﬁﬁﬁﬁ%ﬁbs@e?r°“%Bn%a9wf«mafa
refpidic8 o8 6t oneatfid nRion idTerseM cagarsiar i Phrsse sensor are
mf?’%e S&éﬁ”s&?g‘*ﬁﬁéﬁ TR Wheths o prka SBhATPLic8sed Srening to

e ST i FRRES '%e#@?eg%ﬁ } & oS R rend Roskiedt the ontrol
valf 668, Bq e 4ol el MR o 35%%”92?0%2! ot o

I00g8L n@ it PhorRora B Rad B (Encrbri gl Clat s <o

- maflh EOI S50 oG kB e WS B BB

oo B T e P Pt B B PR g

corgé\;:gibn :rﬁﬁaenzs? isostpa%@ Kvit?lrth];tater%e% urgcacr#troorre |gn %nl%%?] o% 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
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cancel l ed by inputting voltage, which is identical to
the drift voltage occurred with changes over tine of
the pressure sensor and with reversed polarity, to the
. offset termnal of an anplifier for anplifying output
of the pressure sensor based on the judgnent by the
time-varying zero point drift correction nmeans, thus
resulting in substantial inprovenents in pressure
detection accuracy of the pressure sensor. [0033]
ccording to the present invention as clainmed in
Ca@eilﬁm%% opy tgﬁ dydgment by the dimasvaryipgrzegr paist drifh cpmeetion
‘pressure and flowrate is remarkably inproved due to
meaRs. (thus Jesyiing 19 substprtial cimproyeiRents c L Psessume defection
ressure sensor which functions as the basis of
@'@%Hr@emﬁ SH®"fl ow rate control is enhanced.
0034] According to the present invention as, clained
[0035] cAscardingafry g present qumoam% ptaimed Ze,GajgpiZtit is so
correction is conducted based on the sensor output
congiitytad dhatethe zergnpeinhdrith whieh @cadrp with henges over time is
pressure FS to be detected by the pressure sensor,
camQﬂ"eéJamnuétmam!tﬁgemh%lseﬂ@nttcgl to.the dsits voltage dagurred with
scale FS, thus always allowing the flowrate
changesavertime of the ressire senser and witbdeversed polarityeto the offset
prescri bed range of accuracy. [0035] Furthernore,
ter@mb phiamamplifi ecr%@r ginpifidng oy the pressurs sensetibasedanthen
10 and Caim112, the zero point drift can be
judgenest by the tmetvanting mrgrpqmg#@ecmcﬁmmawhua eesuitingtie
reason that the tine-varying zero point drift
subsbantiat impsaversents in preasyre dietactipe peerraeyiof the prassureegansor.
t hat the environnmental conditions surrounding the

(0088 sAlsecrcsemingrtodhe presentinverdiomasicrimed im{Ciaing: &iﬂlGlalﬂb8 A

are in a state of the near-vacuum [0036] According
inclugiveheoriiob gesragyrefdiessoire and Bowirateds femackablyimproyed due’
Claim14, a DIA converter to supply voltage for the
to e reasethatcirpesiire sletertion facsutacy &Xf thé aressure gansor which -
anplifier is made in such a manner that it is shared
fungfiens asfaetbasisax fressurespqntrol and flow rate control is enhanced.

[0034] According to the present invention as claimed in Claim 9 and Claim 11,
an automatic zero point correction is conducted based on the sensor output
voltage less than control accuracy of the full scale pressure FS to be detected by
the pressure sensor, for example, that equivalent to 0.13% of the full scaie 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 fo the reason that the time-varying zero point drift correction is

automatically performed in the event that the environmental conditions
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correction neans of the pressure sensor, thus allow ng
the constitutions of the <correction neans of the
tenperature drift and the tine-varying drift of the
pressure sensor for the pressure control device and
the pressure type flow rate control device to be
sinplified. As stated above, the present invention
achi eves excellent, practical effects. Brief
.Description of the Drawi ngs [0037] Figure | is a
structural draw ng of a sem conduct.or .el epent e .
sufpureing @ rrEie dindordh FERERRSiRR rpm Beprflgh Hradn @
tfref-stﬁnt invention. Figure 2 is a cross-sectional view
St e NERTYAYYAbW t he pressure sensor used for the

e G R L N
o RGBSR i P R PSH g o

diagramto show "the differenge the service histor,
an BT HIPCRVA g A wannsy Thei it s0aay St oraperahe or
zero point output of the pressure sensor used for the
corsaiion rﬁ‘f‘eﬁfﬁ*v%frﬁ‘g FRERMIS ée'b'iﬂf-n‘guﬁﬁ"ﬂ‘f"&gﬁ% cgnzfitions of the
vacuum Figure 5 is a diagramto, show changes .,
COMERAHIPD ¢ MREND of tthe t?H}PSr%Bfi%Fnﬁqﬁ)d g Se-yatyipg cdiift, of (the
t hat pressfure of the pressure, sensor used for the
pregsuresienson foy te pressyre coptiel deyicaanyiberegsurg dyre figw mte
I.éforr . vacuum) -60Torr. Figure 6 is a diagramto show
co ’Péﬂ%‘@%ems' Pillecht Asiat @@QO}S%ith? presghbnyentipniachieves
event that pressure of the pressure sensor is nmade to
excelleptgrragtical effedls) ¢ of O(Torr vacuum-0.1 MpaG Figure
7 is a diagramto show changes over-tinme of the zero

~ 'poi nt :

Brief Description of the Drawings

[0037] Figure 1 is a structural drawing of a semiconductor element type
pressure sensor (a pressure transducer) used f6r the present invention.

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

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

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

Figure 5 is a diagram to show changes over-time of the zero point
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output in the event that pressure of the pressure
sensor is maintained at 0.1 MpaG Figure 8 is a bl ock
di agram of the pressure type flow rate control device
used for the enbodi mrent of the present invention.
Figure 9 is_:a block diagramof the zero point output
correction part in the neans to correct the output
changes of the pressure sensor of the pressure type
flow rate control device by tenperature used for the
enbodi ment of the present invention. Figure 10 is an
outpud iy g syt dhalpregsure of 1 pressure sepsasrusied Job thenpresent
_the correction of the zero point output voltage and
invention igimade tg changept aicyelpef Odiens s yaeuwsh$6TomFi gure 11
is a block diagramof the control circuit of the
pr esdigwet § ik a dingmm e shewnehanged eavec-timeeot thenzerg paint
the present invention. Figure 12 is an operating flow
outpuh iy theeyent thet pressureaf e gressure- gamisok is roadd fo change at a
correction nmeans of the pressure sensor pertaining to
cydle of Ylegervacuumdr. iMpaG. Fi gure 13 shows one exanpl e of
a conventional pressure type flowrate contro
devi &igurgi fig @ diagranvis showt ¢fenges avpt-timefofathe zero point
conventional pressure type flow (16) rate contro
oulpet/ i dhe |event dhatRefessiwecef thenpsesseres sansbrNisnmaintained at
38038] Pi Gas pressure on the upstream side fromthe
0.1MnaG.ce A Pressure sensor B Pipe | Pressure type flow

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

used for the embodiment of the present invention.

Figure 9 is:a block 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 controt circuit of the pressure type
flow rate control device pertaining to the present invention.

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

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

Figure 14 shows another example of a conventional pressure type flow
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2 Oifice 2a Oifice opening 3 Upstream side pressure
sensor 4 Upstream side pipe 5 Downstream si de pipe
Tenperature sensor 7 Control circuit 7a Flow rate

conmputing neans 7b Flow rate setting neans

Conparative nmeans 8 Valve driving part 9 Control
val ve 10 Gas supply source 11 Pressure regul ator
12,13 Val ves 14 Process chanber 15 Vacuum punp (17)
16 Fixed anmplification circuit 16a Ofset term nal

7cC

raté conffol\@tivicabl e anplification circuits 19 A/D

converter 20 CPU 21 Sensor base 22 Sensor

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
- & r Downstream side pipe -
6 - Temperature sensor
7 Control circuit
7a Flow rate computing means
7b Flow rate setting means
7c Comparative means
8 Valve driving part
9  Control valve
10 Gas supply source
11 Pressure regulator
12,13 Valves
14 Process chamber

15 Vacuum pump

17

chip

6



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

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

Ti ”E"V@rFmaﬁﬁlﬁizggﬂrmircﬁﬁi” correction neans of the

pressure sensor Sensor out put judgnment neans 49b
Qper ajgBrestambihan ] udgnment nmeans 50 Piezo-step-u p
Yo

circuit Best e to Carry Qut the Invention [0039]
Fi r5t17W!@ﬁ%ﬂé%nﬁliﬁ&aﬁm%rﬁﬁﬂ‘t i nvention conducted a
’ t hen

survey an

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

. 26 - Sealing body

~27. Lead pin

- 28 Fixing body
29 Holding nut
30 Bearing
31 Sealring
40 D/A converter for offsetfing
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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measur ed changes over-time of pressure-out put
characteristics of a pressure sensor A by fixing the
pressure sensor A structured as shown in Figure | to a
pipe Bin a configuration as shown in Figure 2, and by
the inside of. the pipe B being evacuated and

mai ntaining in the prescri bed degree of vacuum by use
of a vacuum punp (not illustrated). Referring to
Figure | and Figure 2, 21 designates a sensor base, 22
a  SeEpoTintdivirylng 26181 SERCHAR Torle¥ish M&EMSUSCthe pressure
sensitive elenent), 23 a diaphragm 24 a di aphragm
base, 25 geh&gon oil, 26 a sealing body, 27 a | ead
pin, 28 a fixing body, 29 a holding nut, 30 a

bear i%’sgribo?oéﬁﬂ{juﬁgﬁﬂn%ﬂa% gas pressure. [0040]
Referring to Figure 2, a pressure sensor Ais fixed to

e 1406/ OforaifcchbincutReimbdits Mol ding nut 29

th
However, any f1xing nmechani sns can be enployed to fix
t he goesp;égg,sfe;ﬁjt;ﬁ)?i@ﬁ For exanple, a flange (not

or

illustrated) I XxIng can be used to fix the
pressure sensorA to the fixing body 28. Though not
illustrated in Figure | and Figure 2, a pressure

Be%ﬁ%t&a@ﬂ@%@ln@é’ﬁt@' l ed strain gauge fixed to the
nsrde su . ne draphragm 23 and having a
[003b] Uit mv&nﬁﬁggtn? glﬁs%ﬂf‘in?ﬁlltio%%dnﬁu&% sk i BABA T

used to ace € pressure senso avil ng

me@sﬁﬁeﬁ%ﬁ%@sa %&Qi’lﬁnbrbfr?r%ﬁfzﬁéhltggg Q:ééilaé:@éti& 6Fa Fé]rgsﬁire

appl i I'aphrag econpr ess

L ed . oo
sergs%g IA B fidRig Ye phfssBid’SerRor grﬁﬁ;r?& dsGlonhh gﬁ@gé)el to a

led to the sensor chip a strain

. pip€ r?l?ﬂ§%o¥nﬁé(}hn‘]§lic{rﬁ§é‘5ﬁém ir ﬁ!ﬁ??‘ggﬁ?ﬂafﬁg tt’(i:eﬂﬁ‘\sﬂgt&%e 8!%5 B

vol tage from e sensor c anges in
beif BFauefod ind P RAIOTH e ER MR RO R R AL Y
PP o i & 5 [ o"a dlagram to show a state

of CR@RGRRg 1 Figife 78h8 ARIrS2, 9% deBfgnates 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

(19)



pressure sensor Ain the event that the pressure
sensor Ais fixed as shown in Figure 2, and
mai nt ai ned under vacuum (the degree of vacuum 105
-10'6 Torr) after leaving it alone for 24 hours under
at nospheric pressure. As apparent fromFigure 3, in
approxi mately one hour imedi ately after the start of
evacuation, zero point changes toward the m nus
direction by 0.2-0.3%S (changes are nade for

reflade the. prdssure wbrsbridtRaving 4 steétl shownSinFiglee 1t 0 be 100

Torr), and in approximtely 5 hours later, it changes

{00441 t ksefs proveurd Py Egplldﬂ toubdidph@ghi %‘cﬁwndés%coﬁi%ssmg

then, without it being stabilized, it kKeeps changing
thé mwecbfmli@ pi’;‘.?erBJ Sarfdl ARGl PI’ésQQHQébﬁhB& 1o/ e §8hsof chip 22

changes is small. The outpu the pressure sensor

(ortéﬂ@tréiﬁ ghlsa) cr@sgés 'tﬁuﬁéumﬁ%?h HifangR% i 86l oifé(ge ﬁBﬁ'n

i s equivalent to O that” is, 0-100 Torr

theegéhs\b%ﬁ% 24, anihaRgbP i gasobﬁega?req:%yhetW%eEaaéa fhe

4 shows Ow pressure tirne, whi ch the pressure sensor

predSORY sEHGRA MRdfas epu%lfélf RlcloRBd (i T@RU%&I HEPNo%eazmr

stabilization time of the zero polnt 'S

anaaﬁférggemed%ylaqﬁubﬁ.wﬂm@dmr%ﬁt Hn a st ate of Che zero

poi nt ~ being stable to sone egree by the vacuum

[00%2] NFRY ws%%aggmmsoehaﬁa s&a%gbeH@fddsqﬁ drB pBRY bfe

a coup erent pressure, tabili'zation tinme

prédbufe§ensEAdn Rvd E@er‘ltsthglotﬂé rg?é’ééﬂl?é ¥ofEh A @rfﬁc@d%%& shown in

mal ntalning 1t under vacuu |nvest|gate e

F@UP@Q aﬁ@@éw gn@&%ﬁ&éﬁ%@.ﬁn@gﬁ@a& %R YakiRn 1@5@11%@%?{)

the sta zation tinme of ro pol nt thereafter.

aftdid84vihg MaIGHRABF f@hoér‘s%a Q&H& Aerid Fl%s%'urgher pressure

experienced is, hi gher th I ni val ue of the

Z€er 0 AROidNardni fmﬂf‘ﬁlghﬂae?} G Sﬁ&%xﬁat&lg %PG Fouf Wiﬁé(ﬂafe@%ﬂer

mnus side after evacuation becone ar ger

o Bonhlen, St ol ABALRE bl bR MGk
0.2~0.3%FS (changes are made for 0.2~0.3Torr when the full scale FS is made
to be 100 Torr), and in approximately 5 hours later, it changes further toward the
minus direction by 0.1%FS, and then, without it being stabilized, it keeps
changing toward the minus direction although the volume of changes is small.

The output of the pressure sensor on the vertical axis in Figure 3 is
expressed by mV, and 2mV is equivalent to 0.1%FS (that is, 0~100 Torr is
equivalent to the output voltage 0~2V).

[0043] Figure 4 shows how pressure * time, which the pressure sensor
experiences before evacuation, influences over the stabilization time of the zero

point. 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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experienced previously. Then, after that, simlar to
the result of the neasurenent test on stabilization
time of the zero point when left alone in vacuumin:
Figure 3, it is assuned that it keeps decreasing at a
-certain percentage. Tinme shown by an arrow in the
figure is tine elapsed fromthe initial tinme of the
conti nuous nonitoring. [00451 Figure 5 and Figure 6
show the results of measurenment wherein the pressure

hel d,f 1 d i th th
A i A
b, BB aBERTE o9 bl 2t i
oo e A R ST
1 NG (he) d..f 0 d h d th
stab MG i Ok e 2ac AR sTRaRE P over & ﬁéu'ri oo oy
(O ey apcet o, et HechOHBE BraseuEy tﬁgﬁﬁrgencgrﬁés the
R TRFOB oS 2T At B B B e
i b e L
t of 0.29%S 1-2 ek Wth th
b Rl ool s G it e
zerolpolnt regari n Wit hin %S toward the m nus
ex;?ﬁr}e@g?g of VPGG'X?] ‘E{br after stHBKNSS'FHIQ" clRatesrasyl, ot i the
in the zero 80 nt. out in the event that the

megputsginrt et arabmzago-ﬁwne !ommw PRIBE WhER Jeft alone in

ressur zat i Is found that changes in

vaqUiyin Ja oy 30 1ot SPSMBY Hheh ' Gestinbereoson gL crials
l.us side. [00481 From t he

Pefpse?ﬁgﬁesﬁ & Sy a0 ATg i S iguis (s, 76e SleRSeALTYS the
initta‘ time of 813 continuous moenitoring.

[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°
Torry~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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that there existed the bel owstated events on the
changes over-tine in the zero point output with the
pressure sensor A which enploys a sem conduct or
pressure sensitive element (a.lransducer). [0049] 1.
Wth the cycle test of vacuum nai ntai ni ng,
vacuunk46C) Torr , the zero point keeps changing
toward the mnus direction. 2. Wth vacuum

mai nt ai ni ng, prom nent changes are shown in the

thd Zerbipaint bf D298 boer B2 wbaRslgh the percentage of change
decreases Wth the |apse of tine, it is found that

rel atwitR the feBlIDM MGABEL ] iP&ISo FRMA that dhaﬁgwmtthébeﬁmﬂ%
when it is returned to atnospheric presSure or It 1s

rerfiAGHEMIEO, 1%stowdrd %Smm% dirBcorst at e of bei ng
pressurized to O. PaG 4. Unevenness |s seen in

[0047F  Vjtive! THsHRANECIHE cg-ﬁ:ﬁgés b@érttirpwlﬁ thed 28/ p @ Pﬁpmnme

that the vol unme of ges Is larger than t he

evérﬁsthalofheVﬁ&‘é%ﬁFb'@ngﬁlaA% REntinddiuk rhé!@?ngépﬁﬁggﬂgﬂ?n of

found that sone are ut 0

0.1MPRS SUTR%oliR@indt ﬁ:ﬂﬁhéé}.‘%nﬁﬁé %Itospcfziétz%cgré\@ﬂlﬁ e v%lume of

mal ntal ni ng test, € zero polnt oes no

chaMdel 144Y thafiCHy PS Swatk itiéh me@.dga' ntaining. It is also

understood that there are not big changes when it is

[00148 aFﬁirﬁir’?e 2t AlsURS BhGWH FRLRSS Y Pigu ﬁ%sﬁﬁg find

th e changes over-tinme in thé zero p SRt out pu

thaP{t 296 biiSted 3R BElow” ta@d%vaﬁ@%nghexeﬁandaé&w R iRfthd Ne

present I nvention have create
|
TSt o 6 S o
pre@&tﬁ‘@s%fﬁsﬁlpéeféﬁ?e?ﬁ ﬁéﬁg&éﬁl device and the pressure

type ow rate co evice which enpl oy the
" [oORGESSUr e sensor 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 {o 0.1MPaG.

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

5. Itis assumed that from the results of 0.1MPaG maintaining test, the zero point
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[0051] An automatic zero point adjustnent device to
correct changes over-tine in the zero point output of
“the pressure type flow rate control device according
to the present invention.is explained hereafter with
reference to -the drawi ngs. [0052] Figure 8 is a
bl ock di agram of the pressure type flow rate contro
device by meking use of critical conditions according
to the present invention. Wth the pressure type flow

cobBt” HRIgH I PshrBresp il l@bﬁm’@wfﬁ"n@w@ﬁéiﬁt sasisd
unfiltoolbind(ReHEBH 618 ciEngf RASH K5I i it afivpptheri

be supplied are under critical conditions, that
prqsguret he fl ow velocity of fluids flowed out through
of .. sou The e flo

ogsff  Baéd P%Fhe iapions oYSTTE I 2580 oD DR e resairs
o B, R s GRA Wi B
me%%u%"{?aw@n@pﬁrp@orbegrwea%g%zu%ae Cnas M b aorsoi o
o 38 PRt . B s e A 1S e
oo P e o e AR L s A"

10033F,, % gt 2eimboint adlistent dyiceiomoinsabeianggs pesirime
o fe gt @g@aﬂf% b Re 4 Bk b s oo
th Comnfﬂvtﬁ{?@ Vé['{?arte B fﬁ%?@etrqeotw%fi@wmgs

[oogg{ %j@%"@sbae&%@ﬁé’%@an SE R byme oW TR o) devite
by &agw‘p‘lvsé*eﬁﬁét‘bca“ﬁwﬁnoaﬁ%géfmﬁwg G PReaR mEnign Bitpdee

pressure ty%eo gv? Sralt(e:hcamg'olrdewce 1’L the ﬂ\é\?vcr% els exgpessed with Q=KP1

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

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

circuit, a micro-computer and a built-in program, comprises an electronic circuit
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[ 0055] Pressure P2 on the downstream side fromthe
orifice 2 is set considerably smaller than pressure
Pi on the upstream side by evacuation using a vacuum
punp, automatically to hold the critical condition of
P2/ Pi < approximately 0.5 at any tinme. - As a result,
the velocity of the gas to flow out through the
orifice opening becones that of sound, and the flow
rate Q passing. through the orifice 2 is expressed as
ﬁ%&Pl . [0056] Pressure Pion the upstreamside is
swb@san @'ﬁ'@l'fiﬁaé@% Gireuit aptdiistrated, parA/Prronyeder andsthe
measur enment of pressure, the sensor part of the
likg; 12 Jlowr eate wompuUting maans dagiat compwe cd fiewcratei @, using the
gas flow. Furthernore, the sensor part is designed to
exnﬁlnnemalrmw ge quatiom @ few ratesettinghmeany 7bde command the
turbul ence. Accordingly, tenperature of the sensor
setflow raje Esmiosllavygand a sogasrativemaans vicetoTtogyyite the flow rate
tenperature T is neasured by the tenperature sensor 6.
diffeeanser &CL(=2s n Qcrar Qr-olishbetyesn thé fowratei Qe tcebé scomputed
neasured by the tenperature sensor 6 so that the gas
and thevset AowgateyQeut of turbul ence. Wien both the gas
and the orifice reach a state of equilibrium
[006AE r Referyng torfdguret & fPalesignatesizegamsupply2sures; ddla pressure
Therefore, tenperature of the orifice can be neasured
regulatom 42, 13valviee, 148 prodess shiamperarklii &a Racuum pueip.
upstream si de and tenperature T of the gas are
[00pBbviRredsute Polamdbe dominsteanedide fiom dibgi pefices izl set
by the anplification circuit or the A/ D converter.
coneiderabhly smallersthgn grassareePi onpthetupstreamtside Hy evaquatien using
conmputing neans 7a, and proportional coefficient Kis

a vaswio euunip,oautcmatigally ttenbeldathe eritidalandndjion of P/P1 < -

properties, and the flowrate Cc to be conputed by the
. approinnatein 0.5et-amy time. mAkiantesulicthefvelocity ofitke gas tn floweut
upstream si de.

~ 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 meésured by the pressure sensor 3.
For the accurate measurement of pressure, the sensor part of the pressure
sensor 3 is brought' into contact with the gas flow. Furthermore, the sensor part
is designed to be minimal so that the gas flow can stay out of turbuience.
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 ocrifice 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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The set flow rate @ has been inputted fromthe flow
rate setting neans 7b and thus, the flowrate L Qis

conputed with equation LQ=Qs-Q by the conparative
means 7c. Conputed flow rate difference LQis
outputted to the valve driving part 8, and. the
degree of opening of the control valve 9 is adjusted
to make LQ zero. Wth the opening adjustnent,
pressure Pi on the upstreamside fromthe orifice is

ri justed. . thus.the flowrate to be
ool , ettt WihRelnke o the Srfice” et b measuspeias: thab o e
gagontrol led to be equal to the set flow rate. [0058] As

tated above, tenperature of the sensor part of the

S e sensor .3 is made to be equal to gas
I0G7F ERSTE P On g ynsiyBEmLsite gk (eratures 37 ofdhergasopre
h ressure sensor changes as, gas . tenperature
pmé’#g“ﬁ’og%ss .‘ﬁtﬂﬂa', sd{imeghto e ligitel sigdels by g mplifigatien ciseuit or
d ndency sa_t hgt.the output voltage of the pressure
the, BT SonvAKer e divitel siondlt dre INPHARG da thexiewraleneamputing
the _pressure .type flow rate control device according
meags ¢/ %e%‘?@'?@ﬁf"om Gt Kdis campylrdfromithagas tesnesature
T& rrect CQﬁQ%es &ﬂrift) of the output voltage caused
5 o8 pReTlies, ABC G oW Fale A bhm eorauied Py $hasaustionn | n
Figure 9. (25 0059] Figure 9 is a sinplified block
Qcﬁk?& E?V f"ad‘i"éidfg‘?réfcﬂ" eggvee Pepp dheupgtieant side. correcti on
devi to, pe used for adjustnment of the zero point
out p S(SPHE?W fate %Sd?ﬁspbﬁewmqf@&efr%nh&@rﬂoav kAt selting means

pressure being zero) .in the neans to correct changes
7 (RS s 106 ToNBie AVt SoEpeeasuth agpatin AQ=s—Qg by the

af ore-nmentioged tenperature wth the pressure type
co'??%'ﬂﬁYeaW@aE%ﬂ?-rol devi ce. ‘Referring to Figure 9, -

~outpyt voltage V of the pressure sensor 3 is .

anpl | tefhfiqworate diflerpnce, H1Q isqutrutied te the yalvedriving part

8. V8 Heeia Apening of he coniror abens s Sebistero ake, AQ zero.

Jnputted to the CPU 20
With Qr?e 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 fiow 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 voitage caused by

temperature with the pressure éensor 3 as shown in Figure 9.
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t hrough the nediation of the A/D converter 19. Cutput
of the fixed anplification <circuit 16 is outputted to
the other variable anplification circuit 17, and

- output of thevadable anplification circuit 17, which
is output voltage, is displayed on the digital panel
as pressure Pi on the upstream side. [0060] Assum ng

that 100 nV is outputted at the tinme.. when the
af or e- nentioned pressure sensor 3 perceives absol ute

ORI 0% % i = smPUTER 5k chrll SRR he splrbprablre o

OFRERIT BoBe P bel ek kBt B %’%O.V@Tretg o o i
ougn 18feb DAfircn sate gt ditia bents2a) Rt el 6 conect
ol R of Ty oy 3%@%%% t 'r?k%rsécrﬁ‘feﬁw%ﬁ 5tempterature
wii0 B0l e A BB B B, T The' of o o et | onec

eI, 4 ¥R o E"S@feﬁﬁé&%%”'%‘é‘t%%@%@%ur% foneor § s
@9@?%%@?%%%%8@% o By ithe Se g fralied sor 45 ant e
vy siehfiion 2ol ha: “BRgsGeiatons Mieonites ShF Eruazo
TS R e R Fonere 8. 7000 3@8% @ggqi;mzp%c%m
oG8 b8 Qi Fet s E%%W@?f?qaﬁan ol 15 eraptout o
thefBriabierdthilieain Sl 17’ A e s 8305558 S e

t the tinme of pressure

d'ghé]:})aﬁgfaeopr%gglﬁﬁgﬂtof’et glflﬁsetﬁ%g set terminal 16a, to
[OOE@]ke }\qurﬁ?.rotr?a? quOUt lS outputted at the time: when the -

afore-mentioned pressure sensor 3 perceives absolute pressure P1 = 7
atmospheric pressure (that is, 7x10% kPaA), output voltage V of the pressure
sensor 3 becomes output voltage in the range of V = 0~42.86 V when pressure
P1 on the upstream side is controlied 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 ampiification 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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drift voltage zero. Asa result, changes (drift) in the
zero point output have been corrected as effective
i nput vol tage becones vo+(-vo)=0 even when out put
voltage vo is inputted lo the fixed anplifier 16 at
pressure zero. [0062] The afore-nentioned DA
converter. for offsetting conprises a DDA 1 converter
40a for coarse adjustnent and a buffer 40c, a
D/ Aconverter 40b for fine adjustnent and a buffer
40d, .and a, puffer 40e for synthesis. As expl ai ned
Ol&%ﬂé‘«kﬂﬁﬂ?s S ghzego wﬁwreo@tcgheg arZerq peigt eWpytdemparatyre
.cancel i the zero point output drift by means of
drifty 2 iOHE)%{ WgaEQﬁ%?%?rﬂ“débﬁf%&\f‘?@np’@éﬁlﬂfﬁg‘é caled angputput
whi ch tge zero point output drift voltage vo is
terpperaiwedifty o the offset terminal 16a by the circuit
for coarse adjustnent and the circuit for fine
adj ustheeafere-mgotirnedrzese paint outpyt tempexaivredifides woaeetad by
to show the rel ati onship between the correction of
adiypling,tbe offset tefminaly1 Gaef tg@ﬁ’éﬁ"{ﬁfﬂﬁkﬁeﬁdﬁp uEoneseteli eomention
the setting of thefullscaleFS_ Pressure Pion the
of the zerepaintpetpul drifsis saplized byitke DA epaverigk far offsefting. That
. output voltage v of the pressure sensor 3 and pressure
is, Wheh [Pyl vieltage ¥ indicatesin eerdain valuectvola the tineoolipressure
the vertical axis. The pressure range is nade to be
zerp) =ovors ippudied toHbe effse nebd6arte makertheezaro pgint Riutput
3. 0(xlI 02 kPaA). (27) Now, when gas tenperature T is
drifiryoltageezerm x | Al aTesiitpthanges (drifd invthetzero peaintatputdhave been
40.8 nmV at the zero point drift of vo =-2.0 nV and the
corppiednam ffestve irput piafiege [tegemes Tvers - val=@ ofviep dwhem eutput
connecting vo and vi in Figure 10 shows the
* voltagghya jssinpyttedsiodhe fixed paplifier 16fat pressyreczerar e -sensor 3.
.. Here, when -v is applie dto the offset term na
[0062L, The afetamestionad, Dift sonverere frraeffastting compisgs-@, D/A .
t hus nmaking the correction fromvo to zero (an arrow

" - conyprtendOa fr gogssg adjustmeant and mslyffes 40sua B/8iconvertest40btier

maxi mum pressure Pim al so becones vo+(-vo)
fine adjustment and a buffer 40d, and a buffer 40e for synthesis. As explained

herewith, the zero point output drift is corrected by canceling the zero point
output drift by means of applying the zero point correction voltage —vo, 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 P10on 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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1= 40.8+2.0 = 42.8 nmV. 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 thworrection is shown by the
dashed line a" [0065] Next, the full scale setting of
the pressure sensor 3 is perfornmed. Wen the out put
of the pressure sensor after the zero point adjustnment
is Ovi + (-vo), that is, 0-43.8 nV, it is set to the
full scale 5V. That_is, to anplify 42.8 nV to 5V, the

Noyrwhen gasitemperatire Tds Toibe maximumeoutpuivokags of the seapr is
is made to be 1.17. As the result, the 2-step

vi 540.8 M\Eat therzerapeint §rif of var— 2@ md0and the-raximunt prassure
correction is shown by the arrow 6. (0066]

Pwccordingly, the maxi mum vol tage Vm becomes Vime( vl
-vo), and the output voltage v of the pressure sensor

[00643t Thws, aydetiad lineca’s gprneriting yo angbVvi ini Rigured 0 shoMs\the o) .
The solid line Crepresents the anplified output V. F

teroperatire | ehasadteristion dift thenpregsureTedmior i3  ridenec svherned-ayis
the solid Iine C. The proportional constant a(To)

- appliasiito theeoffset perminalritia, sohetames GHral witts thee eqpaatinuvoe (F
is TD. [0067] Wth the explanation on the afore-shown

vo)FDgtihue roakingl the gorrectivd fran vo $o zémvofan drtuwt a). heAsw theoresult,
poi nt output drift of vo = -2.OnV is caused by

the sanser autputval@gl at thenmasimuim pressde Rgadsshecomes vo+{ —vo)
Accordingly, it is understood that the straight |ineal

= 4@p+20ent42.8 mV.t Axoerdingly, ethe hautputt efr thet presswre sdnsor 3 is
output v of the pressure sensor, and the straight

- colrgeted @ (0=pR Ssmit with ithe zenppoiat dnife coinestimat eThe ttempeture
the output V of the anplifier. [0068] On the other

chérapigristivst after the gorestion is shoemt hyothe dasbed bsua” i.s the -
zero point correction of the over-time changes of the

[0066] piNext; the fullescaleessiting ofetheopressiieesarfsor & isoyperformed.
defining that the zero point output drift vo in the

Wheindhe outpahaf e guessuresaensor Bftenthe z&® gaimtatdjustmentie 0~v1 +
out put vo of the output sensor at pressure zero) is

(—vo), that is, 0~43.8 mV, it is set to the full scale 5V. 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—vo}, and the
output voltage v of the pressure sensor 3 at any given pressure P+ is amplified to
V=M(v—vo). The solid line C represents the amplified output V. For the critical
condition, V=a(To)P1 is represented by the solid line C. The proportional
constant a(To) shows the proportional constant when gas temperature T is To.
[0067] With the explanation on the afore-shown Figure 9 and Figure 10, it is

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

af or e- shown Figure 10 is the tine varying

SIS AU 30" ALl B e i

R R %@ﬁft@%&&m"“t i aipssyre Qeenso,,
anfiifs HicBioh (e Pespo e it Btrsraledsscla sics ettreaian v
fhl t he.. af ore-shown Figure 3 to Figure 6 inclusive is

°6'?ﬁ??’8!5f%rewth The |l apse of time and the vol une of

dr t of .the zero poi nt output of
[0@#3 qﬁ?l&é’s‘ﬂb U&ﬁ e prescatiaNantian. Hhe pf%&uwfgthprzgro point
ssur |nS|de t he  pi wherein the pressure
°°88 E“?es 3‘%’5‘@%@@"5%8 Pﬁéh%wgﬂ%ﬂaé%mﬁaﬁressum §epgor.
Thperoly 57 Pt iaf e 74 Bt output i inh e afbiershown Figire
il]ustra the | apse of tinme and the vol ume of
9 %Jaﬁ'&l:!? 5@?%5555 the utpibel the, pHiPUb SeRSAF %prqasgm zero) is
ressure,se are rre sured under a state o t he
thep 7% BRIt eq@edr?hsalﬁeae £l chgnos evariinm, 1 seredion
val ue. PEJ_?O?A fore-shown Figure 3 is
means explaingdse E*garea @R FJgure; %DR?é{Wﬁ’Mg?“dd@tfﬁlﬁﬂowwtfhthe
S one of the zerq point output drift
- setiyn 0F e fll o8BS BebuTe Areliables g belor e eon Baiamot the
mai nt.ai n der vac Ti me Hr is shown on the
' Ze@ﬁoéqté?“t%ﬂdgﬂ CAMTe @ﬂmf@gee% %fft')"ﬁ‘he zero poi nt °
outpyt ,drift i s shown on the vertjcal is. The

out p t\FbI'ttCé'Gé’ezﬂWsB?d fhiat theplegiaht ‘g‘ee@quwalt%ﬁfm@'@hwn
Flguge rjrgf |§ttF|§ t&ﬁé—&@%&%loapgrtactenstlcs gtE th\ghgt?tplt.lths offutlhla psrggsl,u?e
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 voitage o) of the zero point output of the
pressure sensor 3 are measured by making the pressure inside the pipe B,
wherein the pressure sensor 3 is assembled in the shape as shown in Figure 2,
pressure zero (vacuum 10° ~ 10" Torr), that is, P1=0(x102 kPaA) by use of a

vacuum pump (not illustrated), or the lapse of time and the volume of changes vo
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The line of the PT output O nV shows an i deal
situation having no drift. The <curve represents the
zero point output drift actually measured. The drift
differs depending on sanples of the pressure sensor.
However, as stated -above, it will be approximtely
0.2-0.3%S (vo=4-6 nV) after approximately: 1 hour,
and approximtely 0.4%S (vo=8 nV) after
approximately 6 hours, and the zero point output

rift voltage vo,is applied to the offset term nal 16a
of e 2er P QH{PULRE e Presaure sensOr Buare massred wader a state of

afore-shovg] {;i gure_9. [0071) Wth the present
the; RIG&RHTe Hiside theiipe,B deingrheld akany givemest velue: when t he

Lve-varying zero_point output drift vo of the
WO%PE‘SEEG? rargrsbgrnFigaieods 2 ehasasteristicadiagam igimervaning
is, the zero point output drift vo of -2.6nV), an
output whishi ilusteates, onp iexamale) efstheszero epint lestqut sisifiethe time
sensor 3 is perforned by applying the zero point
changep @f he prassye sansend vdrengsaintained wader Meguem. t Fiene (Hr)
. fixed anplification circuit 16 shown in Figure 9. The
is shoydgvag qﬁmyatpm!e axfso whilerpvielingm ad of dhe Zesespoist putput didftHe
an adjusting reference point for the tine-varying
showay @n Hie Yﬂm@ﬁ% aKis. aff be pHiput veltager2ro¥ of thessamisor isfequivalent
basic tests shown in Figure 3 to Figure 6 and others,
to §.1 %neisthp duths¢ale pt thedtime whendhe fulkscale is paieto Heit0D Tom
can occur _only toward the m nus direction when
Theineg phtheeBT sduit O/myushewsaanl idgat situdtion havingzro drifioi Tibe
drift of the order of -0/1 3%S (vo= 2.6nmMV ) is
Curye represeitsithe zeip poist eutput drifb actuplly meeswrede Thedoft difers
[0072] Concretely, first, a judgnent is nade to see
deppRdingan samples ofttKe pragspig sengol. t- dtpweyen Bs statehabavay tavill
sensor 3 is on the mnus side. It should be noted that
be gaprosineatslyr @2n8S%ISviyes4ne enVhgfiet edproximately: brhoss uane
sensor 3 while aiyressure control device is in use.
approyiatebafd Y%iFisivo=8 mV) after approximately 6 hours, and the zero point

output drift voltage vo is applied to the offset terminal 16a of the fixed
amplification circuit 16 in the afore-shown Figure 9.
[0071] With the present invention, it is made in such a manner that when the
time-varying zero point output drift vo of the pressure sensor 3 becomes larger
than —0.13%FS {(that is, the zero point output drift vo of —2.6mV), an automatic
zero point adjustment of the pressure sensor 3 is performed by applying the zero
point output drift vo to the offset terminal 16a of the fixed amplification circuit 16
shown in Figure 9.

The reasons why the afore-mentioned —0.13%FS is made to be an
adjusting reference point for the time-varying zero point drift are that, after the

result of the basic tests shown in Figure 3 to Figure 6 and others, it has been
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there is no chance that the output voltage v of the
pressure sensor 3 is an the mnus side. Accordingly,
when it is judged that the output voltage v of the
pressure sensor 3 is on the mnus side, it is known
that the pressure control device is not in use, and
that no gas is running. [0073] When nmai ntai ned under
vacuum it is certain that the tine-varying zero
poi nt output voltage drift of the pressure sensor 3. is
al ways on the mnus side. Therefore, it is understood
leamgg that dhe zeea; ppiat Sl g cad pacupeniyt towasd the dainus disection
or near-vacuum (of the order of 10-2 - 10-6 Torr) if
WheRe output drift v of the pressure sensor 3 is found
on the mnus side. [0074] Accordingly, by Ludging t hat
maintaingd upder Yasuuay and aisorthat the Z@Wepcpm%imﬁfé e geleso6f 3
is on the minus side, the adjustnent of the
— /1 3%Fediveinge-8ena ipwithin piactical toleganaecof S prasawe sensor 3.
anytime because Rtells that the pressure type flow
m‘raf e Copeiietaly firste @i jadgment; in mads ter seeowhelber ok notihe auteut
ressure inside the pipe is mnmaintained in
voliagigrv §f4b6 prasspcDSE1soNg i8 on themimyasite. i s nade to find
if the output voltage drift v of the pressure sensor
3 exdie%lwltf he notend thatmasi wassure das \alvays been epplipure the
or not. (31) And, in case that it is found that the
presguneusenger Btwhileod pressure eantiof dewesinin usesedids menns dhat
val ue, the adjustnent of the zero point drift vo is
thezeiisonmchande thapthef eutpuiovoltage v afitke prasisurecsensah drision the
is judged that the adjustnent of the time-varying
minusy sidepofegordinglyt whentihds jsdged dhat thensufpuBvoltage v of the
required. [0076] Figure 11 is a detailed block diagram
- pregsurengensen 8riglorcthecminusddide, Hbis. knavas that the pressure control
device. The explanation is omtted herewith because a
. deyieeispt in uss, eod tit ne gasieturming. i fi er 16, variable
anplifiers 17, 18, an A/D converter 19, a DA
IOOZgﬁv\éfrhearmaintaineddm@éwacw, hisccertain thekbedine-varyingaaeso -
as those
point output voltage drift of the pressure sensor 3 is always on the minus side.

Therefore, it is understood that the pressure sensor 3 is maintained under
vacuum or near-vacuum (of the order of 107 ~ 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.

[C075] 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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shown in Figure 9. [0077] The control circuit of the
pressure type flowrate control device is also nearly
the sane as that in Figure.1l. The only difference
fromFigure 11 is..that the gas tenperature part (not
illustrated) is nounted on the output side of the
flowrate linearity correction part 7a' in the flow
rate conputing neans, and the tenperature detection
signal fromthe tenperature sensor 4 is inputted to

Anﬂﬁ&%?é@%"%‘?@a@*h LR Gl Fnr‘?z@?ir@prewaéﬁ‘ra?eﬂé‘&%xceéds

B

i S SEART o s S ed i OB B e S

POSWEQ?{@OBW@?H{%SSH%"S@?O& dafRbfitedand 50 a pl ezo- ot QSCLL"”
val ve (not ilJustrated)

1o7gh; Fisiret i % Befalesy Hiog alasiamotfhen coml iy of the

fromth d t t .50, [00781 Th
presSHE @aﬁkyq?lﬁ'se\é& o 56 neRATaNEn cor pettiech HomRBHIRS begause 2

th e nsor i s e ed th a_nmeans to d
prqsrsﬁ-zqﬁ’égr?%%[a a e em'parr i E\quyv& smplas, 4 by A5

excee?a B set val u 0. 13%S=- ia sensor
3 Z‘bﬁ@?ﬂe%ﬁ %sstmgaa@#ﬁwltksm hengpme as those

shézondl l]_;l on ludgnent neans 49b to judge either if the
WHIR Fige or ced closing to a control valve 9 | s set
1003 7ol ConBH ik of e BiehPR dou Tela somiich devics is also
neér&@eﬁan%%énh%?{nré&r%?ﬁf CRE R v fomtione A K
theCai{smRgralura Bar (ot stestyia maunies ay the SulRsb AT Ie
o e Bty enseclin it 1 bt vyl simedinssomns and e
temperature getectlon signal from the temperature 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. 72’ 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
comrection 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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0. 13%S by the sensor output judgnment neans 49a, then
voltage for the zero point adjustnent (vo=2.6 nV),
which is equivalent to +0.1 3%S, is automatically
inputted to the offset term nal 16a.of the fixed
anplification circuit 16 fromthe D A converter, thus
performng the automatic zero point adjustnent by the
drift output (-:2.6 nV) equivalent to the
time-varying zero point drift (-0. 1 3%S) of the

k{357 o8 e SR PSP Ao
e B G Tt

fromthe

e ste t vaolta
e't'ﬂfr‘re' 'ngfefﬁé &?@ plosing ﬁﬁ@t %J'Y?] S éegP'éﬁ thep prasgure
ut signal V¢ for forcedoenln r the in .
seling signaly 1 (5e AL %FiSy s VWen oae 3%@6@'@&'%05%8 that is,

control valve 9. Wththeste nment i s mad
(HChebifor e ORENBEH ErerGATL Nakve P '§>§@ge(a)s  inpyt T fprsed
nv)ornot. Wth the ste ment i s_made
c‘oﬁﬂi‘gdgtt%? genfeolivaived is et,\ap (B E\@"eﬁﬂﬂe SeHipgisignah ¥ is less
pressure setting signal Vis |less than 0.6%S. Lastl
thay Q-B%FS(VH8 Y5 sepfrroutpub yeltaags=121nYJs grafiraeds apd @?%@
of the conditions Vc>0 or' VaA or V<0.6%S is
wheRtil is P@'&ff("ﬁﬂébahes"‘PUE M tBetRFeEsU S SPNed) 3 4y &ase than —
+/( 6 nV) is outputted to the offset termnal 16a
0.13f ﬁ%byﬂh%ensq;rﬁsmtftumw neeans49a, Ileewwmerf@r thepgero
M6. 10080] Wth the enbodi nent accordin
pmm e@eﬁmqrﬁ\&\@n?ﬁdn\f) Iwhich is autyalent ta H 13 ‘?o&ﬁe w\mat*caﬂy
gure | to Figure 11 inclusive, the present invention
"mpuaed te thy affsatdemiaaldianof the fixed ampliicationecirquif] 6 e the
control device to be used under «critical conditions
DiAsarvester. this perforning theeayfomatis zera peint adjustment @Htthe drift
I nvention can be applied to the pressure contro
outgt{ cé.& 'BVBGQH%@&"U%CFB@ timeriarying zew poiplgiit ¢+ Bﬁé“%ﬁs) of

the pressure sensor to be used singly.
the pressure sensor being canceled therewith.

[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 ma,
a judgment is made to determine if the afore-mentioned v exceeds — 0.13%FS
(v=—2.6 mV)ornot. With the step m4, 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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Feasibility of the Industrial Use [0081] The present
invention is mainly used for.sem conducto
‘manufacturing facilities or chenical products
manufacturing facilities. The present ~ invention is
also wdely used in the fields where the high degree

of accuracy is. required to control the flowrate or
the supply pressure of fluids such as raw gases. (34)
Scope of Claim[1l] An automatic zero point correction
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af ore-nmenti oned sensor output voltage is larger than

the set value and the operating conditions of the
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control the flow rate or the supply pressure of fiuids such as raw gases.
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time-varying zero point drift correction nmeans 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 wth reversed polarity, 1is inputted to the offset
termnal of the afore-nentioned anplifier fromthe
(35) afore-nentioned tinme-varying zero point drift
correction nmeans through the D) A converter when the
sensor output voltage is larger than the set val ue and
the pressure sensor is under the set operating
conditions. [3] An §utp%2$ft¢'lc. zero point correction
device for a pressu t+'8M devi ce characterized by

beinhg sq copstituted that, with .the pressure control
(Mot ARTaNG RO WPPRE oxtaelip) 6dFe Hof of prPesyg: sensor
control .and a pressure. sepnsor _&o neasure fluid
chypgtetiae by bejng 5 eanstittnd Q’@é Wi & RIRESYIP SEBEPtosmIgEsHIre
1s outputted to the outside, the afore-nentioned
fiuid By %?lﬁeuﬂ"&ﬁu"l?'&l Yoitgge ifom HisLpressuresanger is;quteutied tp the
zero point drift correction nmeans of the pressure
oulsicies ofhe AforegyRatinned; $epsRle QUiPWevaltagendsi fopufied to the
. af ore-nentioned sensor output voltage is |arger .than
timeriardag z¢r paintdriftcopgetionyngareoldthe PRFSHR SqNSaEG Advdament
. hmeans of the tinme-varying, zero point drift correction
is made to defsrming it the aferaanestiopgd SRS ShEput veltageds larger than
pressure sensor are judged with the afore-nentioned .
theoi@r‘ﬁ“f%@"tﬁ dhey isﬁldo$P"SP[| QBWHﬁiUdﬂmﬁﬁ‘S msangf the time-varying
ti me-varying zero point correction neans, the_ .
zerp; prIot, diifl icqfrestian, Meansi any furthesithe ppemtingseanditioas f the
is cancelled when it is found that the . "
Pregifice SARSAT AFf:dudgsasds b‘f'thothep lﬁform?ra@@eﬂ sopespting “qoRgon
. the set value and the operating conditions of the
judgmegt fpeanse AE dhe dime-vanyibg 7ole epyat fift gprrestioniimeanss the
. previously set. [4] An automatic zero point correction
timg/aryRg zefo @"ﬁrqer%%cmt@e PESEHES sansor Bcanselied whend I found

Claim3 wherein it is so constituted that a
thal tha aigrrrentienest sansgr gutput voltage is larger than the set value and

the operating conditions of the pressure sensor are under the operating

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 ampiifier from the
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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 time-varying zero point drift
correction neans of the pressure sensor through an
A/ D converter, and further the output for the zero
poi nt correction, (36) which is identical to the

af ore-nenti oned sensor output voltage and with
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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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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
previously set. [61 An automatic zero point correction
device for a pressure type flowrate (37) contro
device as clainmed in Caim5 wherein it is so
constituted that a sem conductor pressure sensitive
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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 and 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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is outputted to the flow rate conputing neans, the

af ore-nenti oned sensor output voltage is inputted to
the tine-varying zero point drift correction neans of
the pressure sensor, a judgment is made to determ ne
if the afore-nentioned sensor output voltage is

| arger than the set value with the said sensor output
(38) judgnent nmeans of the tinme-varying zero point
drift correction nmeans, and further the operating
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correcti on means through the D/ A converter when the

ISP S lrd BBt G5 0 oSl e
oo e Brgblg R LB Gt Bebbo o SUER oo
flow rate control device comprising an orifice for the flow rate control, a control
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 P1, 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 P1
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 farger than the set value with the sald sensor output
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claimed in Cdaim3 or Claim4 wherein the set value as
a reference at the sensor output judgnent neans of
the tine-varying zero point drift correction neans of
the pressure sensor becones the sensor output voltage
equi valent to less than control accuracy of the ful
scal e pressure to be detected by the pressure sensor.
(39) [10] An automatic zero point correction device
for a pressure control device as clainmed in Caim3
judgméttameans wiethei imé-vafyings 2ergBgaint it édtfoctiBh means, and
operating conditions as a reference at the operating
furttuerditiel operatisty cenditioRaof e préidurd sBRsor3dns l8gé® Wit the
point drift correction neans of the pressure Sensor
afereementibted Upperhtind) cORifEN fidgnfeht . mbaiy. théatilﬁ\@ﬁ%% %ro
not a signal for forced opening to the contro vﬁ've

pointi aiif of wihet prissire BOhiscr iB1 BdelEd Wil Gk W&Qhétothe
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the control valve exists, and the set sign

afdreamertivhed i sengér Butphd Vbt & 1RGE! t’tﬁnzﬁ%osét%iﬁe and the
correction neans for the pressure type flowrate
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or Claim9 wherei nﬁit is so nade t artﬁ:ltaﬁi se%ngva ugbﬁ

préddodly sfter ence at the sensor output judgment means of
the tine-varying zero point drift correction neans of
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[12] An autonmmtic zero point correction neans

SerRicORBUEtSr bitRSurk! SUNSHRE Blerf@Mitis Imdis)d Wb
Claimb5, % aim6, dai me8 or IO@Q m 9‘%&%2‘?’%?‘{ [ Snggr,

themdput! Vothgé Aenthb BSd Ls@l%cﬁ@i‘g;@rlghﬁé@ t@ﬁne%t{t&{lﬁfgﬁﬂﬁ&h

at the operating condition judgnent neans o

thepirapiiier 8nd RYTRPULEY © t@ﬂﬁe%{;@@% E%fpzoirg%ﬂ'cto}@ﬁ‘ﬁon %Bﬁés

is, whether or not a signa ed opening to t

of eTsshrs S o o UBI Aot A2 b 1 Qi
zers glointaddirecidn, L Wikich fid RkntigdI%o! the Z#6r8-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 2zero 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] An automatic zero point correction device for a pressure control device as
claimed in Claim 3 or Ciaim 4 wherein the set value as a reference at the sensor
output judgment means of the time-varying zero point drift correction means of

the pressure sensor becomes the sensor output voltage equivalent to less than

control accuracy of the full scale pressure to be detected by the pressure sensor.
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13] An automatic zero point correction neans for a
Lre]ssure control device as clainmed in Caim4 wherein
it is so made that a D/ A converter, through which
voltage for the zero point correction is outputted to

the offset termnal of the anplifier fromthe
ti me-varying zero point correction neans, is shared

with the (40) tenperature drift correction neans of
the pressure sensor mounted on the flow rate
[1elofvp autamptivezers point icorectivndddvicsfon =epre¥ffe [oRlbr @vice as
control device. [14] An autonmatic zero point

clamedeiot Claim ri:an<CiinT 4tverBineR 581D MABE tﬁgcf)mer §%teoperating
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exists, and the set signal for the flow rate is zero.
[11] An automatic zero point correction means for the pressure type flow rate
control device as claimed in Claim 5, Claim 6, Claim 8 or Claim 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
contro! device as claimed in Claim 5, Claim 6, Claim 8 or Claim 9 wherein itis 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 & signal to forced closing to the control valve exists, and the set value of the
flow rate is zero.
[13] An automatic zerc 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 Ciaim 8 wherein it is so constituted that 3
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.
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