3 June, 2006 1 Apparatus for the correction of tenperature drift for a
pressure sensor, a pressure control apparatus, and a pres3whme, 2006 | oy
rate control apparatus Background of the invention 5 Field of the invention
The present invention relates to a pressure sensor, a pressure control
apparatus and a pressure-type flow rate cbhntrol apparatus for use mainly

I n sem conductor manufacturing facilities, chemcal plants, etc. Mire
parti cul ar | yAppiertyy fosdhé comeeinn afitempacduresdrififor apuessiife fensor; apresurag

tenperature drift - for use.in a pressurg sensor, a,pressure control
appar at us, w@appmwwef ugriyos fovk Epie saptih Bp - whi ch
accurately detects the pressure of a fluid by automatically negating or
correcting a tenperature drift, thus controlling the pressure and flow
rate of fl uiBackgneynd ehheduvensionof a pressure sensor for measuring the
pressur$ of the fluid drifts as a result of a tenperature change. 15
Description of the prior art In sem conductor manufacturing facilities,
chem cal pl ameRl of@dh&inveatiphural ity of gases as materials are comonly

supplied at specific flow rates, and are reacted in a reaction vessel to

produce an obj ectlhgrPresgpbwvenfion relaiesde p prosyuse sQSOr. BPTEHWCFARER) appagiseadar o
not suppli g ' ' - .and
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of the gasesdhagrBuslppé ﬂ@ﬂ-rat@icbﬁl%lta?parhﬂg ol s@ufiel9desg @k PraytrdeRn
controlled through the use of the 25 follow ng arrangenents: an orifice is
mount ed in dlyid pe autamatiedlyencigatang o1 eoweetinga fempatateredsift, tass senteallingithe can
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cal cul at ed yséssgretoiche Muid\driftataea r@unof 8 terhperatie dhoye.r ate formul a that has

been used hithertq, the fluid is assuned to be inconpressible, and the
flow rkt e QPeseription eftheprierarfo ¢ = KP2la dpi - P2) /2 where P, is the

pressure on an URSLLERBhAIHS Rinutdieue fhiififies, chemical plants, etc., a plurality of gases
as materials are commonly supplied at specific flow rates, and are reacted in a reaction
vessel to produce an object or target gas. In this process, if the material gases are not
supplied accurately, then the chemical reaction proceeds unevenly, and it can occur that
20 material gases remain unreacted in the produced object gas. Especially, where the material
gases are flammable, there is a danger of gas explosions. In order for the material gases to
react in a well-balanced manner, it is necessary to control accurately the flow rates of the
gases to be supplied.
Hitherto, the flow rates of gases have been controlled through the use of the
235 following arrangements: an orifice is mounted in a pipe, a theoretical flow rate formula is
selected that can indicate as accurately as possible the flow rate of a gas passing through
said orifice, and the flow rate of the gas passing through the orifice is calculated using the
flow rate formula. In the flow rate formula that has been used hitherto, the fluid is assumed
to be incompressible, and the flow rate Qc is expressed as:
30 Qc =KP,'? (P, — Py)'?
‘where P, is the pressure on an upstream side of the orifice,
P, is the pressure on an downstream side of the orifice, and

K is a proportional constant which depends on the fluid temperature.



P2 is the pressure on an downstream side of the orifice, aEde i;@G
proportional constant which depends on the fluid tenperatuPe® ; 2006
2 Inthe flowrate fornmula, the flowrate is calculated fromtwo pressure
paranmeters Pi and P2. However, since the ?ct ual gas flow conprises a
conpressible fluid, the above theoretical“flowrate fornula is not very
precise. On the other hand, if the ratio P2/Pi of above-nentioned
pressures is reducadhdBpwuets fermula,dbe flowirate intalaaed from3wottmessunelpardrneiorss
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the flowrate sinply depends only on the upstream side pressure P1, and
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used. Under wxdet sonid velogit)i donditiong, Bize thefittieal &routla B3: 5), the theoretical flow
rate 15 formul a: =z KP1 is predom nantly used for controlling the

flowrate of a fl N ere either of these flowrate fornulae is used,

the measurement offt {sh@iofsnthdl aP IS chifical RondifighLire Batisfies, the fIBWERRGUhSIyt €.
That is, in the case of former, the sinultaneous neasurenent of Pi and P2

i s 20 necessigpgndsanly ¢mihehpstream side prgsarg Re ape sicldsaseuratebr the pate gpat r eam
si de p{(?ssurc%mP sis%eﬁﬁﬁh’%s?n%rtﬂdﬁgﬂrtgee&ﬁﬁc% measure fluid pressure, it is
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necessary to | nsor in the fluid. The pressure sensor
t her ef ore becomesorapyroxidinse flowaateoitns dflaniistongisivdd fluid, thareforef the sensor
tenperature j mredi ately becones equal to the fluid tenperature T. In other
25 words, edigoretisal flgwvpatee@iidhe fluid tenperature T and the tenperature
of the sensor is égmi@(tsp?l_yzefstabl i shed. In order to neasure the fluid
pressure accur at e(? , It is neCessary to reduce the size of the pressure
sensor to such ans esedebinddrivaticallvenditions (% / Plpe abbuti )] the thrvdétenlifibedate
Accordjngly, it wll be appreciated that equilibriumis reached very
qui ckl w formula:

Q_C=KP]

is predominantly used for controlling the flow-rate of a fluid. Where either of these
flow rate formulae is used, the measurement of the fluid pressures, Py and/or Po, is a
prerequisite. That is, in the case of former, the simultaneous measurement of P; and P; is

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

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

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

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

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

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



On the other hand, the gaseous fluid flow ng through the pi A I S rol |l ed
so that 30 the fluid flows as far as possible at a consta ure.

However, it is known that over a period of nmany hours, the tenperature of
a flow of gas fluctuates considerably. Furthernore, when a gas fluid is
repl aced by another gas, it can happen thaf an hi gh tenperature gas fl ows
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a voltage such that with pressure plaotte n absci ssa axis, the
or di na axi%c%WS%%%ﬁedg&fﬁ"ﬁH‘ﬂﬁgesﬁﬂnﬁggg‘? l(BEAEcourse, if the absolute
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that with an 15 increase in absolute pressure, the output voltage W
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out put occurptésgrelifzerocthesl tiramtpit bltdgenpitirtatzdre asdtngexpecid tiaitcad he
"zero-point pressure drift". On the other hand, the tenperature drift of
the sehbor 20FTeRsepuebsobde PrrstroBnowPaisltage Wil H§fsl i ed is cal l ed the "span
output drift". Inp DL Ak -Qil% Lo :
necessary to adj usftﬁ:'r oro%%%ﬁz%(%o@g%@%tq%% gl‘l ?@f)han Rg%grr?b%ua%%et?tsons
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atm the outpudd he+tR8Poirt prlsulY drith 0n iRGothdrWafld, the temperature drift of the sensor
20 output observed when pressure is applied is called the “span output drift”. In order to

obtain an accurate sensor output, it is necessary to adjust for both zero-point output drift
and span output drift.
More specifically, assume that the pressure sensor has no zero-point output drift,
and that its zero-point voltage is 0 (V). Also assume that when the absolute pressure of the
25 fluid is 1.0 (x 10° kPaA), i.e. 1 atm, the output voltage is 20 mV. When the fluid
temperature changes under these conditions, the output voltage naturally deviates from 20
mV. This fluctuation is the above-mentioned span output drift. In practice, since some
zero-point output is always present, the span output drift at any arbitrary pressure is
displaced by the zero-point voltage.
30 As described above, in a pressure-type flow rate control apparatus that controls a
fluid passing through an orifice by measuring an upstream side pressure P) or a
downstream side pressure P,, temperature fluctuation characteristics called the zero-point

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



t enper ature changes under these conditions, the output vol é@e ngdgil ly

deviates from20 nV. This fluctuation is the above-nentio t put
drift. In practice, since some zero-point output is always present, the
span output drift at any arbitrary pressyre is displaced by the zero-point
vol tage. 30 As descri bed above, in a pressure-type flow rate control
apparatus that controls a fluid passing through an orifice by neasuring an
upstream side pressure Pl or a, downstream side pre surﬁ{P t enper at ure
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tenperature dri ¥or use 1n a pressure sensor for neasuring the pressure
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amount of the zero-point output dri thereby correcting the tenperature
wherein said 1gemory meax?s stores a relation betwg/en t?le ffmé telgpcrature and a z€ro-

point output drift of the pressure sensor at zero pressure, and the temperature drift
20 correcting means calculates the amount of the zero-point output drift when the fluid
temperature changes and negatives the zero-point output drift of the pressure sensor with
the calculated amount of the zero-point output drift, thereby correcting the temperature
drift, and wherein the memory means stores a relation between the temperature of the fluid
and a span output drift of the pressure sensor under any arbitrary pressure, and the amount
25 of the span output drift is calculated from the memory means when the temperature of fluid
changes, and the calculated amount of the span output drift is added to or subtracted from
the output of the pressure sensor, thereby correcting the temperature drift.
In another aspect, there is provided an apparatus for correcting temperature drift for
use in a pressure control apparatus comprising a control valve for pressure control and a
30 pressure sensor for measuring the pressure of a fluid, the apparatus for correcting

temperature drift comprising 2 memory means for storing a relation between the fluid



drift, and wherein the nenory neans stores a relation between the
tenperature of the fluid and a span output drift of the prgeggﬂf—egggﬂsor
under any arbitrary pressure, and the amount 25 of the span output drift is
calculated fromthe nmenory neans when the tenperature of fluid changes,
and the cal cul ated amobunt of the span outfput drift is added to or
subtracted from the output of the pressure sensor, thereby correcting the
tenperature drift. In another aspect, there is provided an apparatus for
correcti ng tempgetuad andan vufput 8aft of ube pressuae perses and actompetsiturg sisidy earrpsting
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20 upstream side pressure sensor provided between said orifice and the control valve for
detecting an upstream side pressure P;, such that the flow rate of a fluid passing through
the orifice can be controlled on the basis of the upstream side pressure Py, the apparatus for
correcting temperature drift comprising a temperature sensor for measuring the
temperature of the fluid, 2 memory means for storing a relation between the temperature of

25 the fluid and an output drift of the upstream side pressure sensor, and a temperature drift
correcting means which calculates the amount of the output drift of the upstream side
sensor from data in the memory means when the temperature of fluid changes, and offsets
the output drift of the upstream side préssure sensor with the calculated amount of the
output drift, théreby correcting the temperature drift, such that even if the temperature of

30 fluid fluctuates, the flow rate of fluid can be accurately controlled, wherein said memory

means stores a relation between the fluid temperature and a zero-point output drift of the



the orifice can be controlled on the basis of the upstream iid% pESB%ure

P1, the apparatus for correcting tenperature drift conpri

tenperature sensor for neasuring the tenperature of the fluid, a nenory
neans for storing a relation between the tenperature of 25 the fluid and an
output drift of the upstream side pressure sensor, and a tenperature drift
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20 the fluid and output drifts of the upstream side pressure sensor and downstream side
pressure sensor, and a temperature drift correcting means which calculates the amounts of
the output drifts of the upstream side pressure sensor and downstream side pressure sensor
from data in the memory means when the fluid temperature changes, and offsets the output
drifts of the upstream side pressure sensor and downstream side pressure sensor with the

25 calculated output drift amounts, thereby correcting the temperature drifts, such that even if
the fluid temperature changes, the flow rate of fluid is accurately controlled, wherein said
memory means stores a relation between the fluid temperature and a zero-point output drift
of the pressure sensor at zero pressurci and the temperature drift correcting means
calculates the amount of the zero-point output drift when the fluid temperature changes and

30 negatives the zero-point output drift of the pressure sensor with the calculated amount of

the zero-point output drift, thereby correcting the temperature drift, and wherein the



pressure sensor, and a tenperature drift correcting neans which cg! égl ates
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downst ream si de pressure sensor fromdata in the nmenory nmeans when the
fluid tenperature changes, and offsets th7e output drifts of the upstream
si de pressure sensor and downstream side pressure sensor with the 25

cal cul ated output drift amounts, thereby correcting the tenperature drifts,
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accur at el y TeOReYINEEY, stetpe pdrlatien baiwesa tbe {erpeapiureseiothe fluid apd 2 5pan BPheen

at zero pr Spre His@Riedior B Y Mbifiry Badt it nFhmb R TUESRAL UL ="

the anount &ift iskelcaRtedfdrhhe Méinprf means Wheihwbe téperbturt of flieidphamdesrand the
changes and 30 negatives the zero-point output drift of t%e %fgssurefsEnsor
with the carkulaademennofithegipan ppiput dnBinedded to or sihtragieds from dhgpypyt of the

correctiqg fhe i L.t . | .Re 3 June, 2006 7 nenory
means stﬂ;r t§ a rgﬁ%ﬁ’gbﬁ%@g\‘é%%‘?ﬁ%ﬁ%#%@%%ﬂgﬁeﬂof the fluid and a span
output drift ofPréfambhy, s ubeves dessribed) apferatanys forbider iar y gps espply esystamd int he
anount of the span output drift is galculated fromthe nenor ans en
the tenper dftisheBayisronied toHlpngas 2 Tid {Oﬁé"ﬂ%‘& ing (54 825 BERRUIR a4 LB 415,
output driffe.is added to or subtracted fromthe output of the 5 pressure
sensor, thereby correcting the tenperature drift. Preferably, the above
descri bed ®Brpdimscdpiion 6Dthedawingsa gas supply system in which gas is
caused to flow a fluid, for controlljng the gas pressure and t a
flow M¥e. Brioohits FHemIe SHoEHR ODLAN FA Cariolpbios 2 HeSRSmk Het e

di agram of chAWVappdrSus WhichiUpetiitsithder RitRapegtidomee flow rate control
appar atus which operates under critical conditions. FIG 2 is a sinplified
bl ock circuit dFHgris 4 simplified bbrckednchidiagram donthg siormectinn pfizero-ppeint puipht
pressure-t FIG 3 is an explanatory diagram

ﬁﬁﬁ.flow ratg co troIt appar,at us,
of the cor Fetf R STUSSYRELBY FHe s PRS- and 15 nornalisation. FIG 4

i s an expl anat oF}G.% a0k kMhnAoryedibgdml OF therasretiidifof PeroPoimutplitidrift add a
pressure sensor. FIG 5 is a diagramof the zero-point output drift (ZERO

DRI FT) 16enpenmaligaléon. char act eri stics of a pressure sensor.
FIG. 4 is an explanatory diagram of a method for measuring the output drift of a

pressure sensor.
FIG. 5 is a diagram of the zero-point output drift (ZERO DRIFT) temperature
characteristics of a pressure sensor.
20 FIG. 6 is a diagram of the output drift (SPAN DRIFT) temperature characteristics
of a pressure sensor.
FIG. 7 is a detailed schematic block diagram of a control circuit for a pressure-type
flow rate control apparatus.
FIG. 8 is a flow chart of a zero-point output correcting means 62.
25 FIG. 9 is a flow diagram of the operation of a span correcting means 66.
FIG. 10 is a schematic diagram of ﬂﬁid control using a pressure-type flow rate
control apparatus which operates under non-critical conditions.
FIG. 11 is a detailed schematic block diagram of the control circuit of FIG. 10.
FIG. 12 is a schematic diagram of flow rate control using an improved pressure-

30 type flow rate control apparatus which operates under non-critical conditions.



20 FIG 6 is a diagramof the output drift (SPAN DRI FT) teggﬁatur;gg;
characteristics of a pressure sensor. FIG 7 is a detaile bl ock

di agram of a control circuit for a pressure-type flowrate control
apparatus. FIG 8 is a flow chart of a zeng-point output correcting neans
62. 25 FIG 9 is a flow diagramof the operation of a span correcting nmeans
66. FIG 10 is a schematic diagramof fluid control using a pressure-type

flowrate tro rat us whi ch operates under non-critical conditions.
FIG 11 is %&gﬂr%g\%ﬁlgg&ggﬁemti c block diagramof the control circuit of

FIG 10. FIG 122i infrodshosutectyfle Mohaieonfrbaph@dbe; control using an
i nproved pressure- 30 type flow rate control apparatus which operates under

non-critical condi®if$s. 3 June, 2006 7a Reference Nunbers 2: i mproved

pressure-type f'QXVorrﬁch 8%ntrol apparatus; 4: orifice; 4a: orifice hole; 5
6: upstream si de pipeE; §'; tdownstream si de pipe; 10: upstream side pressure

sensor; 512: dowssipsaaithSiddgigy;essure sensor; 14: tenperature sensor; 10
16: control circuit; 17: flowrate calculating neans; 18: flow rate

setting neans; 18 devgispgeamsidle b%cuit; 20: valve drive apparatus; 15 22
control valve; Zﬁ:ﬁgﬁeﬁ?ﬁﬁépre%@re'é&ﬁ%at or; 27: supply side pipe; 28:

val ve;
12: downstream side pressure sensor;

14: temperature sensor;
10 16: control circuit;
17: flow rate calculating means;
18: flow rate setting means;
19: comparison circuit;
20: valve drive apparatus;
15 22: control valve;
24: gas tank;
26: regulator;

27: supply side pipe;
28; valve;

20 29: control side pipe;
30: valve;
32: chamber;




20 29: control

vacuum punp; 40:
adj ustnment; 40b: D/ A converter for fine adjustnent; 5 40c: buffer; 40d:

buffer; 40e:

termnal ; 44:
converter; 50:
generator; 56:

correcting neans;
66: span correctl%
f i 4RADABbAereF for rdh Hjusihéd amplifier;  78: A/D

converter:; 74:

side pipe; 30: valve; 32: chanber; 3 June, ,2006 8 éé
of fset DA converter; 40a: D/ A converter u

buffer; 41. CPU, 42: fixed anplifier; 10 42a: offset
variable anplifier; 46: va¥iable arrpllfler 48: A D

constant tenperature bath; 15 52: reference pressure
34 edcvmppurhper ; 58: A/ D converter; 60: tenperature drift

6%1% rR/ro poi nt correcting nmeans; 20 64: nenory neans;
A @RVEREls tenperature correcting nmeans; 72: A/ D

converter; DP: vacuum punp;

10

15

20

25

30

40b: D/A converter for fine adjustment;
40c¢: buffer;

40d: buffer;

40e: buffer;

41: CPU;

42: fixed amplifier;

42a: offset terminal;

44: variable amplifier; -

46: variable amplifier;

48: A/D converter;

50: constant temperature bath;

52: reference pressure generator;

56: fixed amplifier;

58: A/D converter;

60: temperature drift correcting means;
62: zero point correcting means;

64: memory means;

66: span correcting means;

68: gas temperature correcting nieans;
72: A/D converter;

74: fixed amplifier;

76: fixed amplifier;

78: A/D converter;

DP: vacuum pump;

Py: upstream side pressure;

P,: downstream side pressure;

Qc: calculated flow rate;

Qs: set flow rate;

AQ: flow rate difference;

v0: zero point drift voltage;



Pl : upstream side pressure; P2: downstream side pressure; 30

calculated flowrate;, Qs: set flowrate; AQ flowrate di f ey uneg2006(.

zero point drift voltage; 3 June, 2006 9 v: output voltage; V. pressure

vol tage Description of the preferred enbodi nents By anal ysing the

zero-point output drift and span output drift of a pressure sensor 5

caused by a tenper gt yg "Pﬂ&&%@’ the inventors have succeeded i n devel opi ng
t he

a method of correctin enperature drift, not only for the pressure
sensor, but al so f & peespuressitage control apparatus, and a pressure-type

flowrate control . aratrus i jch the pressure sensor is used.
Enbodi ment s obefﬁépatgﬁb‘éf@fdge{%%}ic‘ﬁ?%%gﬁeﬁﬁ tenperature drift for a
pressure-type 10 B&%Waryatng mé)lfera%i;@e@@ﬁ?aﬁﬁﬁﬁ%m: BH&%P&RE&Eﬁﬁg I@éé;sc,f

invention will be déscribed belowwth "reference to the draw nhgs.
i s a schénat i caudedby ateroperaturschagge throinvendors hevaspcaequied ssdavelopinps mbtad ot e

control apparatus,.whi,ch operates .under critijcal conditions.., In said

pressur e- 'I[D 5 pe*YT5HPe ege'@g’ ﬁ'ia?‘HF aﬂﬁp‘é‘ﬁé’f‘ﬁ'sfoﬁ ,h“’iPE cqsgrcgeﬁo&%& aise ir(]‘?rél RIRSRHIS
15 fluid t0 benkepRipaestus, andAgeesstreit)pCbw 20 Bbiti)ABparhtuSin Wiidh tidYressure
velocity of the fluid flowng out of an orifice 4 1s at-sonic velocity.

The fl ow rat eseBear is Weedef ore be expressed as : Q=KP1. Pressure is neasured

only by an upstre | e 0. Saj r essur e e flowrate
control appar at usa@n%ﬂn%}&%ge@g%igpﬁgaﬁsf Prcéorﬁfcﬁg ?e d’eé%urefﬁl%ﬁ FPLEHET P,
an upst 1@am dislerdé pentfil appalaws atdoding & e pRisst ivention Wil bt dadribediBelow with

pressure sensor 10, a tgggerature sensor 14, a control circuit 16, a valve
drive unit 2d¢tesnge tothe Swal ve 22.. The control circuit 16 conprises an

el ectronic circui ¥I1G2) HLIRAEAM diskraurotdloRy R bditroll BsiRf @ PFASTBARSAdW Fate
princi pal -conmponents. However, said control circuit 16 may conprise
' , control apparatus which operates under critical 7
conditions . In said pressure-type flow rate control apparatus 2, it is a prerequisite that a
15 fluid to be supplied is under critical conditions, i.e. that the velocity of the fluid ﬂowing
out of an orifice 4 is at sonic velocity. The flow rate can therefore be expressed as :
Q=KP,.
Pressure is measured only by an upstream side pressure sensor 10.
Said pressure-type flow rate control apparatus 2 comprises said orifice 4 having an
20 orifice hole 4a, an upstream side pipe 6, a downstream side pipe 8, an upstream side
pressure sensor 10, a temperature sensor 14, a control circuit 16, a valve drive unit 20, and
a control valve 22.
The control circuit 16 comprises an electronic circuit, a microcomputer, and a built-
in programme, as its principal components. However, said control circuit 16 may comprise
25 an electronic circuit alone, or an electronic circuit and a personal computer. Said control
~ circuit 16 comprises an electronic circuit system, such as an amplification circuit and an
A/D converter (not shown), a flow rate calculating means 17 for calculating a flow rate Qc
using an empirical flow rate formula, a flow rate sefting means 18 for transmitting a set
flow rate Qs for the fluid, and a comparison means 19 for determining AQ (= Qs - Qc), the
30 difference between the calculated flow rate Qc and the set flow rate Qs. The flow rate
difference AQ may be calculated as Qc - Qs.
On the upstream side of said improved pressure-type flow rate control apparatus 2,

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



25 an electronic circuit alone, or an electronic circuit and a personal
conputer. Said control circuit 16 conprises an el ectronic % tem
such as an anplification circuit and an A/ D converter (not shown), a flow

rate cal culating neans 17 for calculating a flowrate Q using an
enpi ri cal rowrate formula, a flowrate d8tting neans 18 for transnmitting

a set flowrate for the fluid, and a conpari son neans 19 for
det erm ni ng ré%lﬁtﬁr@fm r@ilahrighﬁoﬁ&iydhé ?fﬂ’sﬁﬂ@@fih@fgﬁ@ﬁﬁhé h%hfﬁbﬁ\ifs?ga@darﬂd ow
rate ¢ and the set flowrate s low rate difference AQ

cal cul ated agd@yalveds forisading S@éﬁaﬁ &am aupplyoTidepipe 27 vt eantisl é@%’/@ Pe- t ype
flowrate controlg I g&g?)q a
gas tank 24 cont aﬂ%@% attfx’id&%nsglre!é}gs udr%eop fg%gslﬁg)r une, %@%ﬁﬁ‘gq%ggﬁggor
for regul at iapparptus Betheyfolidieing cemponantodre theneged: a cortiud side pipe9eios fiveigas

t ank, nd a valve, 28 for, | eading s s.froma .su e27to
Lale coht T omay &l i Sgulafey g §1aRe S0da RelinE s PRl debemher Do
pressure-t Y%cﬁdxﬂ‘ﬁ/uﬁlﬁtﬁ TH@&Ha%ber QPR.%{ ﬁhétﬁm?ohaﬂmll}@r fo? b}da%lﬁg a%@%@ fﬁo‘in are

connected: a control side p E for flowng 5 gas at said regulated flow
rate, a val veplzdimateriagdsasg @aﬂxgmgbsmatsr@l gasanbe AndQ; farmdHzO msiumgaawp
34. The charapee %?Onc%aﬂibe action chanber for producing a target gas from
suppl i ed mat et i gases or exanple, material gases H2 and 02 form H2O

noi sture gas in Néxg theesitio Bperhnaddef the Maproved pressuetype flodpateadanaol of t he

| nproved pressure-type flow rate control 10 apparatus 2 will be expl ai ned.
On t hellipst PRRATRIEP awlléegéglauwde@n thsapstream sideskrasainpler speeifisIPTSEUEdS t he

supply side F

ipe b 15 ool aibbitaide et Klnd, ag3aelcralt Ao RS LGRS 2R S 1y
sai d val ve dkrdongrolled by tHeGonitol tahee 225 nehobe wlmsmwlaledm_ssxauéadws ddee utibe
downst r eam s mai.nt ai ned at et | ow ur.e t he dr unp
3915 By melrist Be SEus i P e PRCC AR g USSR S HiB AL PR
pressure P2, s¥ bl fResiatethydfvast gide pipe 8 is hel d substantially | ower
than the upstream'side pressure Pl, and is automatically set such that

criticlél conditi Sygnednsef erpgugtiondsbibava@ue pump dAythe dpwhsireamoside plesswreBs on,

verocity. it f paPEisei kil e end SRRl Golt? b s iR,
t her ef or e bgresdfe Palaadoi@émbycaly Setkdddh thhberitig$ Lo R0 (ke PRPesabse 0L | S

nmeasured using the pressure sensor 10. To
always apply. For this reason, the velocity of the gas flowing out of the orifice hole 4a is

sonic velocity. The flow rate Q of the gas passing through the orifice 4 can therefore be
20 calculated by Q =KP;.

The upstream side pressure P is measured using the pressure sensor 10. To
measure the pressure accurately, the upstream side pressure sensor 10 is installed with its
sensor part in contact with the gas flow. The sensor part is designed to be dimensionally
very small so as not to disturb the gas flow.The temperature of the sensor part is therefore

25 almost equal to the gas temperature T.

Furthermore, the gas temperature T is measured by the temperature sensor 14. Said
temperature sensor 14 measures the temperature near the orifice 4, so that the gas flow is
not disturbed, and if the gas and the orifice are in thermal equilibrium, then the two are
identical in temperature. The orifice temperature can therefore be measured as the gas

30 temperature.

The upstream side pressure P, and the gas temperature T are obtained as voltages

and converted into digital signals by an amplification circuit or an A/D converter (not

shown). Said digital signals are inputted to the flow rate calculating means 17, and the



nmeasure the pressure accurately, the upstream side pressurg Een502§é§ S
installed with its sensor part in contact with the gas fl| &# sor

part is designed to be dinensionally very small so as not to disturb the
gas flow. The tenperature of the sensor part is therefore 25 alnobst equal
to the gas tenperature T. Furthernore, the“gas tenperature T is neasured by
the tenperature sensor 14. Said tenperature sensor 14 neasures the

t enper at ur e preportivha coefficianeK4is caloultted fromhihe gas tehipevatine T angh the pbysivabed, and

if the gas and the orjfice_are in thernal uilibrium then Jhe t

dent s oar i rpasees dith eSTEEMGrrhibre 25 i Rare b e R o0 AR B oo
as the gas %&%@Qﬁ%ﬁﬁb@de@ﬁﬁim’é@%&%@i de pressure P1 and.t.he gas
tenperature T are obtained as voltages _and converted into di ?I tal signals

by an anplifi cati orhecset Boyvirate Qsap inguited Batiche Bpw(ralgtsettiggangans 18and thg Gowal
signal scare j I AL r cal.c ' : ne,
2006 115 pr opﬂgﬁ#%f%rgﬂcec%gfl ??‘nf:ll&g%}téld ﬁ?%&@ cgkcﬁc}ye%%f%?ﬁ%gglg@&ﬁ e9t r'rpﬂgcrngfe tlJJ{rtl')e T
and t he physdatmlate grid flomtraesiifférehdreAQathe fdrunidaQrofe - Bynaishengsetthe upstream

side pressure P1, the calculagted flowrate an be determned Q@ =
KP1 The set flow ré@eiﬂ@fra@ dilffﬂﬁﬁ%qeé}ﬁfwmtw '? ﬁtﬁﬁﬁf‘f&c&"@&lﬂi?ﬁgm@ fis 18,
and the flow, eﬁing%gﬁleddoﬁl&%{j@m@zmdoﬁu&l@éd%lagtt@fhda@e AQ 15 Z&H. B]y%eaﬁé’oﬁﬁﬁsd

conpari son mg)ans . In order to calculate said flowrate difference AQ
t he fornul a oh@ning@djusto@ntthy upstreamesile [Baisureflofitheagas isiadipgedschaniei s

outputted to the valve drive,unit. 20 nd.t.he opgeni fv.the control valve
22 is L‘gnt r of C@E’t@%‘g I%S Qrceoé’%luaéléedﬁé’tpéﬁzz% .“SEfiﬂuﬁ’@gﬁgg%e?ﬂPWi 13t oneni ng

adj ust ment, the upSkhERRIRediaBéve)iRSEmMperatite 6f tht BehsaBpart 6f theprshied saRot hils
the 10 calculated flowrate Qc obtained fromQ = KPl1 is equal to the set
flow rate. Aquitdnthegrsderapaoiare Tinndibthsepntemnsraaretlichangess Ben fhg lemperaiye
pressure se a sdthm S
Penper at ur o U it Shafit BorrtBopiigh o B8 i oRBf'c (bl
cor r espondi nigpgndehiowad ge, outfhe vphtaeoditle messany sehsortdeifs @s dettemperapendent ,

and the_ output voltage of . th ressure.sensor drifts,as the tenperature 15
phange].ss. The CE‘B‘F%C@&%Fgﬂ“WIOHﬂ?éﬁ.BGW[BHYSrb‘??‘?qanE’F dﬁ%’f\ﬁbﬁé described. FIG 2
is a sinplified Packich SifiplitiedbRYk IRAiPdiakifh o0 HeSbhietiorPbf %85-PoiRPbitbut

output drift in the pressure-type flow rate control apparatus. The out put

vol t age v ofdrifhia the pressuretyps dlovoratel®nirel appptatds. He aptpuiovaltage proé ghapressure

vol tage V b%el?sol; 16 1esdanzlip eldfulpetE) tl?ezpr%gs%reavo\f%éé %bblyea fixed amplifier 42 and a variable

amplifier 44. The pressure voltage V is inputted to a CPU 41 via an A/D converter 48.

20 Furthermore, the output of the fixed amplifier 42 is also outputted to another variable
amplifier 46, and the output of said other variable amplifier 46 also gives the pressure
voltage V, and is displayed as the upstream side pressure P; on a display panel.

Assume, by way of example, that the upstream side pressure sensor 10 used in this
embodiment outputs 100 mV when it detects an absolute pressure P; =7 atm, 1.e. 7 (x10°

25 kPaA). If the upstream side pressure P, is controlled in the range P} =0~ 3 (x10> kPaA)
using said sensor 10, then the output voltage v of the upstream side pressure sensor 10 will
be in the range v=0~42.86 mV.

If the maximum voltage 42.86 mV of said output voltage v is normalised to a peak
value of 5V, then the amplification is 117 times. The amplification of 117 times is

30 achieved in the present embodiment by an amplification of 100 times using the fixed

amplifier 42 and an amplification of 1.17 times using the variable amplifiers 44 and 46.




anplifier 44. The pressure voltage V is inputted to a CPU 41 via 32
converter 48. 20 Furthernore, the output of the fixed anpl aI SO

outputted to another variable anplifier 46, and the output of said other
vari able anplifier 46 also gives the pressure voltage V, and is displayed
as the upstream side pressure Pl on a di spllay panel . Assune, by way of
exanpl e, that the upstream side pressure sensor 10 used in this enbodi nent
out puts 100 m/ vthEIﬁwiatrerﬂtaé eutpst aﬁ"thabmséune gernporeNbduifis Rithe-tehpatamyreichanges.

Fange P, = O1H cuput bt KRARYCRRRIS e EE Asto Y S URT v TR Wdbtage
v of the Up%rf@aﬁh&ﬂﬁedrﬂfﬁf&%?y AEAREY prtl pr%Qsmfe bl bdealled threutpmagfv. = 0 -

42.86 nV. |f thé nmaxi num voltade 42 sai d output voltage v is
nornal i sed to a pﬂﬁ(zerwbméompuﬁdﬂft tSW@HeGﬂﬂébﬁﬁﬁNBﬂnwmﬁW voktageltp ani @RSt The

anplificatiagn of 7t eved in the present enbodi ment by an
anpl i ficati oRFTO %@tﬁ@?@??@l {eﬁgt‘f ixed anplifier 42 and an
anplification of gpetifichiliRridstidilofitheabeveimditidnedradrofpoft sutpit il isiéffected
June. 2006 12 However, t out put _of the pressure sensor 10 drifts as the

t enper at ur e tytrmefést Df#ﬁénmﬁbﬂl@ Thet iss whemspyidhy b PrgsaRe ehesToths QP! Y8tagg o
will be call Lot e

arbitrary pr‘gfgsuapc:enaﬁﬁ (?%eo tald egbﬂ?d tgg%%%%%et gﬂ&a}ﬁ@at@ebéﬂg%&gﬁeﬁfﬁ%ﬁ put
drift is corouwsitedifiosolads U§ﬁo|zag) A3 alramlt, eval if ageesswre v isohptted to Shet Bxed nal
42a of the fixed anplifier 42. eci ficall correct on of t

above- dnt i GReRlifs keégg Whep ke Hgt ISGF’iOf eegéé%tl“feele{"ét Otﬂ%e Bed Q’r' Yo By

converter 4%roTBé‘ﬁmtb§tpuﬁ’ﬁ}?ff'lsc\MrE&e& he pressure at zero, the output voltage
v has a certain value v0O, - vo is applied to the offset termnal 42a to

reduce said zer o-Phwi offset Bl pqmvedpr 44 caropriseg e /4. qopverter 40 for rugheadipgtmegyen
SRR A LA R R S i

zer 0- poi nt  ayfFRHA0 rEnfita sufintifg befférede. K@Elréﬁdﬁz&hﬁcrméés ananvmddmerodfﬁomorrprl ses
a DI A converter 40a for rough adj ust ment r&% a&Fbu fer 40c g
D A cohVert SPTIROHEOT GHtagEE ndo ‘aﬁ‘jhﬁﬁrﬁmﬂt@ﬂfmtaﬁ%% ’ﬁé‘Pﬁhe aithepilsegtprming 422

summ ng buf bytPé g‘fCultAs’%‘oﬂoﬁlﬁ,?%%]ugtﬁﬁﬁf hReEhe %ﬁuénﬂgﬁ’{tf) eahZELRROF&RD- plaﬁlt output

correction voltage - zero poi nt ft voltage vo is applied
the of fset tcbmmalge4rgaherblyy¢dTEcUngﬂlalzhm pmntm@pgrdnefdj ustment and fine

2ng EZE{TF 25 Eﬁecgg:(r:gil agéj :}xné er T Eé Zer -pomtgrlhfcorrectkc}nazgl% nha.ltisa%lbeby

The abscissa axis plots the upstream side pressure Py, while the ordinate axis plots the

aﬁd the

20 output voltage v and pressure voltage V. Assume that the pressure range is Py = 0 ~ Pim,
and the maximum pressure is Py, = 3.0 (xlO2 kPaA). Assume that when the gas
temperature T is To, the zero-point output drift is vo = - 2.0 mV. Assume that at the
maximum pressure Py, the sensor maximum output is vy = 40.8§ mV.

The fine dotted line between v, and v, shows the temperature characteristics of the

25 pressure sensor 10. If - vy is applied to the offset terminal 42a, then vo + (- vo) = 0, 1.€. vo 18
negatived and corrected to 0 mV, which is shown as “Zero-Adj”. As a result, at the
maximum pressure Py, too, v; + (- vo) = 40.8 + 2.0 = 42.8 mV . The output of pressure
sensor 10 is therefore corrected to 0 ~42.8 mV by correcting the zero-point output drift.
This correction is shown as the thick broken line,

30 Next, normalisation of the pressure sensor 10 is carried out. When the output of the
pressure sensor is 0 ~vy + (—v,) after Zero-Adj, that is 0 ~ 42.8 mV, it is normalised to a

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



FIG 3 is an explanatory diagram of zero-point drift corregtjon
normal i sation. The abscissa axis plots the upstream side ,
while the ordinate axis plots the 20 output voltage v and pressure voltage

V. Assune that the pressure range is P1L = 0 - Pi., and the maxi num
pressure is Pim= 3.0 (x102 kPaA). Assune that when the gas tenperature T
Is To, the zero-point output drift is vo = - 2.0 nV. Assune that at the

maxi mum pr esByithe variable mhnplifierssids 4eramill beilduAparesil, the two-40.g6 amplifiFationfis pe
dotted |ine twe Vypsangd Vi shows t he tenper ature ,characteristics of the
25 pressure gtg\r/{sofdbfb.i'lﬁf ﬁ7vgh%s§ogﬁﬁtfqnelﬁsl?°orwrl?Felsg’f“?' ‘term nal 42a, then
vo + (- vo) = 0, ThemaXinums volk@@al }, aberaftte §i06H &LV EE MQvD- WY, TN diftputivsof
shown as "Zero-Adj". As a_result, at the nmaxium pressure Pi,,, too, vl +
(- vo) = 40.depressyyesensor 30 yderyn aghitrpypressurs P dsamplifieddador M@V i ¥o). Said

t her ef oge COLf 66 isindh I | oo’ 0

ari 1t Tt SnBatadfuy ivinearda BY uinR sbElh B orf P cdifhiine Pl Al
nor mal i sat i osolidflinehrdipates® ur €(TEhs Ohe fdpbsionaroohstantau{ly) Mpmserithe peopoptidnabf
the pressure senso r Zero-Adj, that is 0 - 42.8 nv,

fl i% 0 -vl + -vq)_alfte

it is norrral‘f(g]é@mt\_‘.f ‘_%{” pEAKPHCESH B¢ 1 n other words, to anplify 42.8
mv to 5V, the anplpig. aa4 hosk irvdry @hodard YPE meARAGf haliridd e ¥RIphPBiR of 2
anplifiers 44, 46 will be 1.17. AS aresult, the two-stage anplification is
set at M = pregsuse senx7. Fhelprgssuthsenseroly exincarpoiatedsh epmesagretgpaflowdpte. The
maxi mum vol tage V. is therefore given as V. = . =aVQ) . The out v, Of
The. or Weur ( 8lippadite RS Rlch B GhoaR Mppalin thisso) B anipi ety bt £
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a pipe. The pressure within the pipes held at zero (vacuum, 1.e. P1 =0
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vol tage vo of th ressure _sensor. 10 15 is ,nmeasured t he erature is
changed. Furt her (ri%rae,g BReSHTR %’l (?‘qu SWEFMW%C%?%%E%C% ﬁfégram of T?lggem'.pomt
output drift (ZERO DRIFT) of a pressure sensor. The abscissa axis represents gas

20 temperature T, whilst the ordinate axis represents the relative ratio k (T) of the zero-point
output drift voltage vy. The thin dotted line at 0% indicates an ideal line without drift,
whilst the thin solid, polygonal line indicates an actual, measured zero-point output drif.
This drift is zero at 60°C and about 2.0% at 85°C. Said relative ratio k (T) is converted into
the zero-point output drift voltage vq and applied to the above-mentioned offset terminal

25 42a.

FIG. 6 is a temperature characteristics diagram of the output drift (SPAN DRIFT)
of a pressure sensor. The abscissa axis represents the gas temperature T, whilst the ordinate
axis indicates the relative ratio A (T) of span output drift voltage v at a given pressure. The
output drift was measured at three different pressures, 1.5, 2.0, 3.0 (x 102 kPaA), and it was

30 found that as the pressure changes, the output drift changes slightly. At a low temperature,
such, for example, as not higher than 60°C, it was found that the difference in pressure can
be ignored.Correction can therefore be made using the average drift, assuming that the

output drift is constant at all arbitrary pressures.




pressure P1 of the reference pressure generator 52 is set at a s %fIC
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Further, when the gas temperature T is inputted to the span correction means 66,

20 the corresponding relative data A = «, relating to the span output drift, is obtained from the
memory means 64, and the relative ratio A (T) at gas temperature T is calculated. The span
output drift is determined using the calculated relative ratio A (T). By subtracting the span
output drift from the pressure voltage V inputted from A/D converter 48, an accurate
upstream side pressure P, is obtained.

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

30 exterior display device (not shown).

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

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

an A/D converter 78. On the other hand, the calculated flow rate Qc is inputted to the
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At step n3, the relative ratio A (T) of drift at gas temperature T is determined on the

20 basis of the relative ratio data in the memory means 64. At step n4, a temperature-corrected
pressure voltage V' is calculated from said relative ratio A (T) and the above-mentioned
pressure voltage V. Said temperature-corrected pressure voltage V' is an accurate upstream
side pressure Pj. At step n5, said upstream side pressure P is inputted to the gas
temperature cotrection means 68.

25 FIG. 10 is a schematic diagram of flow rate control according to the present
invention using a pressure-type flow rate control apparatus which operates under non-
critical conditions. In said pressure-type flow rate control apparatus 2, it is a prerequisite
that the fluid to be supplied is under non-critical conditions, i.e. the velocity of fluid
flowing from the orifice 4 is lower than sonic velocity.

30 When the fluid is under non-critical conditions, one of the theoretical flow rate
formulae for a fluid passing through an orifice is derived from Bernoulli's theorem which
holds good for an incompressible fluid, and is given as:

Q=KP,"? (P, - Pp)'"




10 step nR2 the relative ratio k (T) at gas tenperature T ii deri;gg Efrom
the relative ratio data in the nenory neans 64. At step ,J poi nt
output drift voltage vo is calculated fromrelative ratio k (T) and the
out put voltage v of the pressure sensor 10.16t step m4, said voltage vo is

inverted, and at step nb - vo is applied to said offset term nal 42a. The
zero point is thus corrected. 15 FIG 9 is a flow diagramof the operation
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calculated flow rate Qc is obtained from
system is mounted in the input system of said CPU 41.

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

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

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

30 be explained further.

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

under non-critical conditions. In said pressure-type flow rate control apparatus 2, it is a
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The present invention has just been described with regard to pressure-type flow rate

) control apparatus, but it can also be used for the correction of temperature drift (zero-point
output drift and span output drift) of the pressure sensor itself. Furthermore, the present

invention can be used to correct the temperature drift of a pressure control apparatus with a

built-in pressure sensor.

: Needless to say, the present invention is not restricted to the above-mentioned
embodiments and examples. It is to be understood that the present invention covers a variety of
examples and design changes within its technical scope, without departing from the spirit or
scope of the present invention.

Effects of the Invention

The first aspect of the invention provides a pressure sensor that can accurately detect
pressure by providing a temperature drift correcting means by which the temperature drift of the
output of the pressure sensor can be cancelled.

The second aspect of the invention provides a pressure control apparatus having a

pressure sensor and a control valve, which can control pressure with precision, whilst accurately
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memory means when the fluid temperature changes, and negatives the output drifts of the
upstream side sensor and downstream side sensor with the calculated output &rift amounts,
As aresult, even if a pressure sensor having any temperature characteristics is used, the

) upstream side pressure Py and downstream side P; can be accurately detected merely by

storing the temperature characteristics of the pressure sensors in the memory means.
Hence, in a pressure-type flow rate control apparatus where Qc = KP,"* (P, - P))"?or Qc=
KP,"(P, - P,)"is used, the ﬂpw rate can be accurately controlled,

According to each of the above aspects, since the relation at zero pressure between
the fluid temperature and the zcro-point output drift of the pressure sensor is stored in the
memory means, the amount of the zero-point output drift can be calculated from data in the
memory means, even if the fluid temperature ché.nges to any level, whereby the Az'ero-point
output drift of the pressure sensor can be negated on the basis of the calculated Zero-point
output drift amount, thereby correcting the temperature drift.

Further, since the relation under any arbitrary
pressure between the fluid temperature and the Span output drift of the pressure sensor is
stored in the memory means, the amount of the span output drift can be calculated from

data in the memory means even if the fluid temperature changes to any level under any



tenperature drift of the pressure sensor output. The third_ aspect of the
i nvention has a nenory neans for storing.a relation bet wechJBRE. 2000; 4
tenperature and the output drift of an upstream side sensor, and a
tenperature drift 5 correction neans whi ch cal cul ates the anount of the
output drift of the upstream side pressure sensor fromdata in the nenory
means when the fluid tenperature changes, Hhd offsets the output drift of
t he upstream side sensor with the cal cul ated anmount of output drift,
thereby correcting the tenperature drift.. As a result, even if a pressure
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o oanes AT o iy s B RA Frpae s
t enper at ur e ehuTdRGHnARMIINRYVheNRA] pldduStibnPintdlletd.t s of the upstream side

sensor and downstream side sensor wth the cal cul ated output drift anounts.
As a result, even if a pressure sensor having any tenperature
characteristics is used, the wupstream side pressure P, and downstream si de
P2 can be accurately detected nerely by storing the tenperature
characteristics of the pressure sensors in the menory means. Hence, in a
pressure-type flow rate control apparatus where Q¢ = KP21rz (P, - P2)Ilrz or
@ = KP2'"(Pl1L - P2)" is used, the flowrate can be accurately controll ed.
According to each of the above aspects, since the relation at zero pressure
between the fluid tenperature and the zero-point output drift of the
pressure sensor is stored in the nenory neans, the anount of the
zero-point output drift can be calculated fromdata in the nenory neans,
even if the fluid tenperature changes to any |evel, whereby the zero-point
output drift of the pressure sensor can be negated on the basis of the

cal cul ated zero-point output drift amount, thereby correcting the
tenperature drift. Further, since the relation under any arbitrary pressure
between the fluid tenperature and the span output drift of the pressure
sensor is stored in the nenory neans, the amount of the span output drift
can be calculated from data in the nenory neans even if the fluid

t enperature changes to any | evel under any



3 June, 2006 19 arbitrary pressure, such that the span oui pﬁt dr!n of the
pressure sensor can be automatically negated with the ca an

output drift anount, thereby correcting the tenperature drift. According
to a preferred enbodi nent, even if the t erature of the flowwng 5
gaseous fluid undergoes any changes, thegas pressure can be detected
accurately, thus nmaking it possible to inprove the control efficiency of

t he gaseou %ﬁﬁg(ji n sem conductor manufacturing facilities, chem cal
production plants, etc. 3 June, 2006 20 Clains 1. An apparatus for
correcting tenperature drift for use in a pressure sensor for neasuring

t he pr essune of Am fpparaus ol chrepiRy adriperaiorgdiifi fog use tire ripprestune sessen Sar

for neasuring the tenperature of the fluid, a menory nmeans for storing a
rel ation betme@ﬁmﬂﬁﬁ%ﬁhﬁpﬂm$%ﬁﬁ€?g@ﬁ?éméﬁﬁp§ﬁm689ﬁﬁpmﬂgaﬁFm%PaFﬁ%S%F sure

sensor, and a | GRS dneds ¥ 468nYh kélaorSpan
drift correcti ngﬁ%%%@ﬁ%@evﬁhéér\%ﬁﬁtgpﬁé ﬂglgdt put v%l ta%e v of th%vaprgssur e
sensor 10 i s i npetiveed thdﬁﬂmﬂgbmeratumaddanpdut]ﬁutednfdﬁf thee mrassush bensanpanidfa er
44 and an A/ D converter dg]% and. a zero-, anscz wherevmth

the reverse vol EHYETANS dpift qoRECHRg BEMS; G '
the afore-menti phaflelfiffhe b m%ta 3Pof0he %suré'sé’r%gr@mﬂn Ledd t‘ﬂ:?o rgough

the offset D/ A converter 40, cal culatr ng e anoun e out put

drift of the prﬁx&hamph&&rs@r afwanabldaitrmh gr tHh andrnoi/) eomyadend : ui d

t enper at ure changes sai d g tut drift ofthe rs e _sensor
n ; '- S CLE G VI'SG oliagy V l ZIO 8[4]]

.....

with said calc
tenperature dridf ,vo&u vb hé‘Tou Yif8d 't(f) tﬁmfar@.mmﬁw@ffwt téﬂnﬂhﬁﬂ ahas @ the
fluid pressure can be rmeasure accurately, erein sald nenory_ neans

i fixedvumplife rofighithe offsepliA cenvertand), forealelating the a@atnpiut
drift of the pr ure s Zero press h
correcting mear @Esp@wﬁ@rﬁo{ﬁl& rifstreee Lrgt o e PRI ah e e
the fluid tenpgijatttmperafid gRges) hndedphesy b4ie cufuddpd off theusrpsstiredsentsr of

the pressure sensor wth the cal cul ated amunt of the zero tBOI nt out put
drift, thereby withsaid calculated amount of the output drift, thereby correcting the temperature

drift, such that even if the temperature of fluid changes, the fluid pressure can be
measured accurately, wherein

said memory means stores a relation between the fluid temperature and a zero-
point output drift of the pressure sensor at zero pressure, and the temperature drift
correcting means calculates the amount of the zero-point output drift when the
fluid temperature changes and negates the zero-point output drift of the pressure
sensor with the calculated amount of the zero-point output drift, thereby
correcting the temperature drift, and wherein

the memory means stores a relation between the temperature of the fluid and a
span output drift of the pressure sensor under any arbitrary pressure, and the
amount of the span output drift is calculated from the memory means when the
temperature of fluid changes, and the calculated amount of the span output drift is
added to or subtracted from the output of the pressure sensor, thereby correcting

the temperature drift.



correcting the tenperature drift, and wherein the nenory r{g’e ns s&
i i Mft of

rel ati on between the tenperature of the fluid and a span

the pressure sensor under any arbitrary pressure, and the anount of the
span output drift is calculated fromthemenory nmeans when the tenperature
of fluid changes, and the cal cul ated amount of the span output drift is
added to or subtracted fromthe output of the pressure sensor, thereby
correcting the tenperature drift. 3 June, 2006 21 2. An apparatus for
correcting tenperature drift for use in a pressure control apparatus
conprising a control valve for pressure control and a pressure sensor for

nmeasuri ng the pryessure of qur ara r §C ture
drift conpflsin h® % a‘fﬁge?g}g Eﬁ“&a&aﬁ&{eahﬁgr gnt?r '(J)S% wé Qy%%ﬁf}'&la

t enper at ure and agghratis Bbkhgﬂé]héta &ntrbh ealpé EsSpressuie b&niol aﬁddi Pre;surpnabur €
drift correctrng means 6 rovided with a span drift correcting nmeans 66

wherewith the ttﬁmsuvegt%erqssm of e flpide dhe pRPaEAS ST qITecting eInReratyre
through a fixed 2 r e C rter
48, and a zero- S@ﬁﬁ%‘*‘%ﬂn&% i hgﬁJngo\%hnghhé\#ﬁréé%&?g)\?gP%@/ \l':/ﬁgl lﬁgﬁgﬂg -Vo
of the zero-poi temp@ratiide andl irﬁgﬁtput)dﬂﬂ ofatit puéstwd densdrhendhoempemnire dnéd
offset termnal 42a .of the fixed a I|f|er 42 . hrouh the of
converter 40, WHITEISUBRE MGG OQspionKled Willhe saan drll corre P FlcRe
pressur e sensor sLI0ipat fadel) diifi BB s RN rerr@rmreh%hrzrrgﬁxe@arasnﬁérure
changes, and ne Tput Tt Of the pressure sensor with the

cal cul at ed anou4d, aofartahle aophlpfidr 4(4rarﬁ1ta,n A caiyertendd, entirmwrﬂmm_ﬂte;gnﬁagure
drift, such that even | ' ssur e. of
fluid is accur af? ' Eg¥0.15

Ien TEYRLSE : G
relation bet Weeéhtﬁlﬂﬁ‘edf Jouih@ éf@r%%érﬁidﬁ%@ o%fégt %nﬁﬁfaPﬂZQQ)'f rthe %&B%nﬂfﬁef {420f

t he pressure sensor at Zero pressure, and the tenperature drift ~correcting
means cal cul at ethraugh therodfise Chivezier Q,pwhmh caleufatgs Td,tmamowmeﬁther@tplﬂl ui d
t enper at ure chapges 33 gs%ates the zergtgorn out put drift f ﬁ ssure
sensor with t helEh of the (RIBsSUIF, BRfison, frop, da e'rno{hﬁ OB, FRGS dre e, Hwdapy
correcting the ﬂéﬁl?%ﬁﬁe& ehdhgt, il n gé@ks\ﬁi@B ﬂtdﬁl@oﬂﬁ{é‘}fr}éssmsc&tvﬂﬂﬁﬁlea

rel ati on between the tenmperature of the flurd and a
calculated amount of the output drift, thereby correcting the temperature drft,

such that even if the fluid temperature changes, the pressure of fluid is accurately
controlled , wherein

said memory means stores a relation between the fluid temperature and a zero-
point output drift of the pressure sensor at zero pressure, and the temperature drift
correcting means calculates the amount of the zero-point output drift when the
fluid temperature changes and negates the zero-point output drift of the pressure
sensor with the calculated amount of the zero-point output drift, thereby
correcting the temperature drift, and wherein

the memory means stores a relation between the temperature of the fluid and a
span output drift of the pressure sensor under any arbitrary pressure, and the
amount of the span output drift is calculated from the memory means when the
temperature of fluid changes, and the calculated amount of the span output drift is
added to or subtracted from the output of the pressure sensor, thereby correcting

the temperature drift.



span output drift of the pressure sensor under any arbitrary pressure, and
the anount of the span output drift is calculated from t%ﬁ%ﬂﬁ%eans

when the tenperature of fluid changes, and the cal cul ated anmount of the
span output drift is added to or subtracted fromthe output of the
pressure sensor, thereby correcting the tenperature drift. 3 June, 2006
2la 3. An apparatus for correcting tenperature drift for use in a
pressure-type flow rate control apparatus conprising an orifice for flow
rate control, a control valve provided in a pipe on an upstream side of
the orifice, and an upstream side pressure sensor provided between said
orifice and the control valve for detecting an upstream side pressure Pl
such that the flowrate of a fluyid passing through the orifice gan be
control | edon tf8 apparptys der qqa@cu'a&fena&ﬁat%ﬁed’@% 86,110 2 BEesSYIRAYPE IR FalPus
for correct’ng L aabdiads Yohohisk@MR bANBY & MBAPEAALHAROL® S&lrol dhlve
measuring the tenperature of the urd, a nenory nmeans for storing a
relati on betwesnvidbé ih enpipeadnime upistredne sideupf then drifice, candpant ugstrdam sidet he

5. ovi ded i EFRSREecsaFor TIPYIE BOegh EAGTEE A8 8 SAILELAFIR (oMt But
voltage v of thg [fessh "sﬁe??&?.l(ﬁj’f'éffps&ch $hat R v ehté BF 2a8fd (]}?aggihéﬂﬁo@@?ﬂhbf ier

42, a variable anplifier 44 and an A/D converter 48, an zero point
correcting meansiff2 canebewontroldte ondhertssisvel] thegepstreamoside Hpzessureo Ppoihat

drift voltage vo is,outputted.to, the afore-qsrentioned offset . term.nal 42a
of the 11 xad arBPrENS:oh sotrFrtiteisibmy i SAnRRRER o i rae (el dntor
cal cul ates the mdRdhg e felifpefitiWr tHE iffuld, of mehRry Psdahe 360 sbHRe aa8RGEnf rom

data in the nenory neans when the teggerature of fluid changes, and

of f sets the outhstweencthg ftemperatune ofiphe flaidard do qutmy «irife of dbes gpsttgarhsidpe
cal cul ated anount of the output  drjift,.ther r I.ng. - Lat ure
Gri Tt such t haresslesoPr At impEainyt prik SFrEthai ks B0, e HEE wiBTRERT
rate of fluid ciift Rercoghtimaid 66 whaEwhh etbutywhebRage waf the pREEDE ¥erBANS
stores a relation between the fluid tenperature and a zero-point output
drift of the pitatnuiled Jbigugh anﬁx%ﬂmqhﬁshéara,vwﬂhleww@ﬁg&aﬂﬁﬁ;&ﬁft
correcti ng Means, Gal.puk 493 JAEpAIPUDclhe hHling®! OnBhith b iditlse dohdde vhen

the fluid te S of
t he pressure sengahe \weidipdihieddl vwhthad ed iawaypnitedfto the afoes-meptiomtd offideput

drift, thereby . . .
terminal 42a of the fixed amplifier 42 through the offset D/A converter 40, which

calculates the amount of the output drift of the upstream side sensor from data in

the memory means when the temperature of fluid changes, and offsets the output
drift of the upstream side pressure sensor with the caiculated amount of the output
drift, thereby correcting the temperature drift, such that even if the temperature of
fluid fluctuates, the flow rate of fluid can be accurately controlled, wherein said
memory means stores a relation between the fluid temperature and a zero-point
output drift of the pressure sensor at zero pressure, and the temperature drift
correcting means calculates the amount of the zero-point output drift when the
fluid temperature changes and negates the zero-point output drift of the pressure
sensor with the calculated amount of the zero-point output drift, thereby
correcting the temperature drift, and wherein

the memory means stores a relation between the temperature of the fluid and a

span output drift of the pressure sensor under any arbitrary pressure, and the



correcting the tenperature drift, and wherein the nenory gﬁans st S a
rel ati on between the tenperature of the fluid and a span ua}‘f"ﬁutz tft of
the pressure sensor under any arbitrary pressure, and the 3 June, 2006 21b
added to or subtracted fromthe output gf, the pressure sensor, thereby
correcting the tenperature drift. 4. An apparatus for correcting
tenperature drift for use in a pressure-type flowrate control apparatus
compri sing an Ofidehe of Qo rdth ShEBRBELS hd phaBiEQknsal tercbproitedtig [ n a
pi pe on an upstreamside of the orifice, an upstream side pressure sensor
provi ded bet weethettéraparatute dréft.and t he control valve for detecting an
upstream side pressure Pl, and a downstream si de pressure sensor provided
in a pipe on a downstream side of the orifice for detecting a downstream
side pressure P2 such that the flowrate of_ a _fluid passing thrqugh the
orifice cah be Snmppariusdor emrecting Isarpesatere drifb farjise ﬁ’éér?ir%s?‘éfg'tﬂ?eeﬁg‘grr@t%l
and the downstream s kgﬁarg{ugsc%ﬂ{p?isg%’ an %Hﬁc@@ﬁ%@f&té Qbntrd)! 2C&dnkraP valve

t emperat ure dri f¥C0 I'Si'ng a‘tenperature sensor for nmeasuring the
tenperature of praeidell uh d, pige oF aRupstreansidé of tixt orificey an upetrean side ppessuveen
the tenperature of the flurd and output, drifts of the upstream sigde
pressure sensorSeasy Buwifiedr between dbe pndise ad gﬁn%rftf‘ﬁa Ve f?reﬁ]ﬁéf;%%rag
drift correcti 6 i ' | bided®RRS 66
wherewith the %Pg%ﬁ%\i% a%égfé\zyld%ﬁgﬁ?ﬁﬁ?ﬁ?éﬁ%ﬁ%ﬂé?ﬁ%@ﬁ%@ensor 10 is
i nputted t hr ougip@on hidoetseeaph sifle of théyrifme far dediiting andsivinsiream gule gressare A/ D
converter 48, and the out ﬁUt vol t ag '8f t he &gvm%taileam si de E‘resn uneg
sensor 12 is i npritvchdhatihoflgw rate ofiadlyd passing thepush thg opfige can Be SOTYGLEE ong
an A/D conver ! &y @08sid of Bl QpRdaM sidé presfit Pihd e A wAsraieaey piebout 1P,

reverse voltage -vo o0 ro-point output drift voltage vo is outputted
to the of fset tthe appemhtus far cofretting tempertmendriftfdomprisingaf tempprature sensor for

af ore- nenti oned upst.ream si de pressure sensor_ out put vol . t he
of fset term ndP® ’E‘%Zh‘? femng: I?¢$8£%€ 4 nbenmﬁ,,{gqapggﬁf g‘.&d@g %r‘té’g“éltﬁge
sensor output peeldadehe! Ripfeedhulensr fief figid Rhd\ougu\EItiseof thupdreanl cideat es

the anounts of the output drifts of the upstream side pressure sensqQr and
downst r eam si depressemessensor gmhslownstream dide pregsurehsenseng T Re

fluid tenperature change d offsets the o j ft eam
si 313 pr egIS)U re ;gﬁrgg)tlm%ﬁwg%%%ﬁ(? gv:ituca span éjrst?'%rrg([tfng rﬁea?lfs éd‘@h&@@'itﬂ

the output voltage v of the upsiream side pressure sensor 10 is inputted through a

fixed amplifier 42, a variable amplifier 44 and an A/D converter 48, and the

output voltage of the downstream side pressure sensor 12 is inputted through a

fixed amplifier, a variable amplifier and an A/D converter, and a zero-point

correcting means 62 wherewith the reverse voltage -vo of the zero-point output

drift voltage vo is outputted to the offset terminal 42a of the fixed amplifier 42 of

the afore-mentioned upstream side pressure sensor output voltage and to the offset

terminal of the fixed amplifier of the downstream side pressure sensor output

voltage through the offset D/A converter, which calculates the amounts of the

output drifts of the upstream side pressure sensor and downstream side pressure
sensor from data in the memory means when the fluid temperature changes, and
offsets the output drifts of the upstream side pressure sensor and downstream side
pressure sensor with the calculated output drift amounts, thereby correcting the
temperature drifts, such that even if the fluid temperature changes, the flow rate of

fluid is accurately controlled, wherein said memory means stores a relation



pressure sensor with the cal cul ated output drift anounts,_there

correcting the tenperature drifts, such that even if théi#ﬁﬂﬁégégﬁperature
changes, the flowrate of fluid is accurately controlled, wherein said
menory means stores a relation 3 June, 2Q06 21c between the fluid
tenperature and a zero-point output drift of the pressure sensor at zero
pressure, and the tenperature drift correcting neans cal cul ates the anount
of the zero- poi pétwest tétMdd kdniperdien eznhea ielrétpemt BURAT &R bE tHeREGeR RASr
negates the zero-point output drift of the pressure sensor with the

cal cul at ed anougftzest prepure, 2ad thegeinperabue guft carrie¢ting means epleulatss teeamagtt he

the. tempor at ur c” ol R AT Gl FEGERE BT R o B nBRu B0

sensor under anzer@elpbixit lofpit @Ari@SefUthe pr&ggtetsefsor avithi tHe @ficuldied amatntook it
drift is calculated fromthe penory neans when the tenperature of fluid
changes, and t HST-RPEGPUPEEdfnthgredgortesting theterpperivre drftrandiwhergigded to or

subtracted fr O”EPE o8y LanS Tstdr€a RUGSGH BEWREN TR tentp@Bh&RYr4RE FRA hitfa the

tenperature dri
span output drift of the pressure sensor under any arbitrary pressure, and the

amount of the span output drift is calculated from the memory means when the
temperature of fluid changes, and the calculated amount of the span output drift is
added to or subtracted from the output of the pressure sensor, thereby correcting

the temperature drift.



